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Abstract | The current study was conducted to analyze the potential benefits of dietary supplementation of synbiotics on
water quality, microbial population, growth performance, proximate analysis, non-specific immune response, oxidative
status, cytokine gene expression and susceptibility to experimental infection by V. harveyi in L. vannamei juveniles. A
total number of 9000 white shrimp (L. vannamei) in post-larval stage (PL,,) with mean initial weight (0.5 £ 0.02 g/
piece) obtained from Barket-Ghalioun fish farm, Kafr El-Sheikh Governorate were used. After the accommodation
period, shrimps were randomly distributed into three experimental groups of 3000 post-larvae / each group allotted
into three replicates of 1000 post-larvae / each replicate (experimental tanks). Salinity of all tanks was adjusted from
25%o - 35%o. The first experimental group (G-I) was kept as control (feed on basal diets with continous change of
water and aeration). The second experimental group (G-II) (synbiotic culture treatment) was fed on 50 % basal diets +
fermented rice bran with Bacillus subtilis without change of water and high aeration). However, the last experimental
group (G-III) was fed on fermented rice bran with Bacillus subtilis (without basal diets and change of water and high
aeration). The synbiotic containing probiotic B. subtilis in shrimp diets could significantly improve the growth by
enhancing the immune response, antioxidative activity, water quality and biofloc composition. The increase of non-
specific responses of the shrimp fed the synbiotic supplemented diets may suggest that the antioxidant defense system
and innate immune system could work synergistically to improve the physiological performance of the shrimp leading
to higher resistance against bacterial challenge. This system can play a key role in developing a sustainable aquaculture
via better water quality, maintenance decrease in feed requirements and higher production to achieve more profit in
shrimp farming. Consequently, the synbiotic could be practically used as a viable alternative dietary supplement.
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INTRODUCTION additionally gives work to several thousand gifted and
unskilled workers. It has been anticipated that by 2050,

he aquaculture of shrimp has quickly developed to the absolute populace on the planet will be 9 billion and
a significant industry around the world, giving not aquaculture will have significant job in taking into account
just financial pay and top notch nourishment item, yet theexpandedinterestfornourishment(Godfrayetal.,2010).
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Penaeid shrimps are highly valued seafood commodities.
Driven by the market demand, intensive and semi-
intensive shrimp farming have steadily expanded over the
last two decades in many parts of the world. With the
rapid expansion and intensification, there is a growing
concern for ecological sustainability of shrimp farming
(Naylor et al., 2000). Commercial shrimp feed constitutes
50-60 % of the operational cost of the shrimp culture (Tan
et al., 2005). However, cultured shrimp retains only 20-30
% of feed nutrients and remaining 70-80 % accumulate
in aquatic system which leads to eutrophication and water

quality deterioration (Paez—Osuna, 2001).

'The white shrimp Litopenaeus vannamei is the most widely
cultivated species in the world. Recently, L. vannamei
farming is facing some issues and problems in the culture
which needs a serious contemplation. Diseases such
as black gill disease etc. associated with severe growth
retardation have been reported in L. vannamei (Newman,
2015). In addition to the disease problems, other issues
like limited quarantine facilities, production cost towards
feed, quality seed availability, feed quality and availability
and environmental impact and management are also
affecting the L. vannamei culture in Egypt (Babu et al.,
2013). Pacific white shrimp is one of the most important
shrimp species currently being cultured in many countries.
Over the past decade, mass production of L. vannamei
has been demonstrated in biofloc-based intensive culture
systems under high aeration and negligible water exchange

(Haslun et al., 2012).

Recently, it was demonstrated that dietary inclusion of
biofloc had enhanced growth performance of L. vannamei
(Juetal.,2008; Kuhn et al.,2010; Bauer et al., 2012). There is
a lack of information to support the role of synbiotic in diets
on growth and immune response in the species. Extensive
studies on the biofloc based nursery and grown out phases
of L. vannamei in the recent years had shown improvement
in the growth performance, feed utilization and disease

resistance (Kuhn et al., 2008; Xu et al., 2012, 2013).

Synbiotic refers to nutritional supplements combining a
mixture of probiotics and prebiotics in a form of synergism.
The concept of synbiotics was proposed to characterize
some colonic foods with interesting nutritional properties
that make these compounds candidates for classification
as health-enhancing functional ingredients’ (Gibson and
Roberfroid, 1995). Certainly, synbiotics have become
widely used in human and veterinary medicine as they
could potentially be useful to treat and/or prevent
infection (Cheng et al., 2014). However, after the first
finfish study was published by Rodriguez-Estrada et
al. (2009), several studies have emerged (Cerezuela et
al., 2011; De et al., 2014). The focus of these studies has

spanned from growth performance, feed utilization, body

composition, immunological responses, disease resistance,
survival rate and modulation of the water microbiota of
synbiotic fed to larvae of L. wannamei. Synbiotic studies
reviewed and discussed by different researcher Ringg et al.
(2014). Newaj-Fyzul and Austin (2015) have evaluated the
effect of plant products on innate and adaptive immune
response and their ability to control finfish and shellfish
diseases, and key players in the innate immune response
include phagocytic cells, such as neutrophils, monocytes
and natural killer cells. However, the combined use of
probiotics and plant products as a disease control strategy
has received less attention (Peraza-Gomez et al., 2014).
In shrimp culture, carbohydrate addition improves the
growth of black tiger shrimp, Penaeus monodon (Anand et
al., 2013), western white leg shrimp, L. vannamei (Xu and
Pan, 2012), kuruma shrimp, Marsupenaeus japonicus (Zhao
et al., 2012) and pink shrimp, Farfantepenaeus paulensis
(Emerenciano et al., 2011).

Many authors determined that biofloc particles are
a potential source of lipids and fatty acids that could
contribute to juvenile shrimp nutrition (Shyne Anand et
al.,2014). Moreover, several studies have shown that dietary
biofloc could enhance the immune cellular response and
antioxidant status of cultured shrimp, probably because
it is rich in natural microorganisms (Xu and Pan, 2013).
Bacteria that have been used successfully as probiotics
include Bacillus (Wang et al., 2008). Studies have shown
that administration of these bacteria as probiotics in the
shrimp Litopenaeus monodon and Fenneropenaeus indicus
as well as in the fish Labeo rohita led to improved growth
and survival rate were improved, as well as enhancement
in immunity and disease resistance (Nayak et al., 2007).
Among these, Bacillus bacteria have been used widely as
putative probiotics. Especially B. suétilis, a Gram positive
nonpathogenic,spore-forming bacterium,is now being used
for oral bacterial therapy, prophylaxis of gastrointestinal
disorders, improving pond water quality and the survival of
animals in aquaculture (Irene et al., 2005). In addition, the
clinical effects of B. subtilis as an immunostimulatory agent
in a variety of diseases have been documented (Green et al.,
1999). However, studies on the use of live bacterial cells as
probiotics to improve the immune system and antioxidant

capacity are scarce (Rengpipat et al., 2000).

Oxidative stress results from either increased exposure
or production by the organism of Reactive Oxygen
Species (ROS) is also implicated in the immune response
mechanism to both prokaryotic and eukaryotic pathogens
(Adema, 1991). Many studies have also examined
antioxidants pressures in aquatic invertebrates, but few
have focused on crustaceans (Holmblad and Soderhall,
1999). With respect to shrimps, most of these studies
have evaluated the effect of pollutant or environmental
parameters on oxidative stress (Li et al., 2008). However,
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very few have reported the effect of pathogen infection
on antioxidant defenses in penaeid shrimps (Hsiesh et
al., 2008). However, there are very few articles reporting
on the effects of dietary additives on oxidative status of
cultured shrimps (Chiu et al., 2007). Hence, to investigate
the suitability of synbiotics as a dietary supplement, we
included it in diets at different levels and fed to larval stage
of Litopenaeus vanname.

The present study aims to evaluate the effect of dietary
supplementation of synbiotics on water quality, microbial
population, growth performance of larval of L. vannamei for
60 days, proximate analysis of larval extract of L. vannamei,
non-specific immune response of larval extract of L.
vannamei, oxidative status of larval extract of L. vannamei,
cytokine gene expression of larval extract of L. vannamei and
susceptibility to experimental infection by V. harveyi in L.
vannamei juveniles after end of feeding (60 days).

MATERIALS AND METHODS

The study was conducted at the Private Marine Fish
Farm (Medhat El-Sherif for Marine culture), at Borg-El
Arab city, Alexandria governorate, Egypt, during a typical
shrimp culture cycle of Litopenaeus vannamei from May to

September 2018.

ETHICAL APPROVAL

All handlings of shrimp were directed according to the
guidelines for animal care and use for scientific purposes
built up by the Ethics Committee of the Faculty of
Veterinary Medicine, Kafrelsheikh University, Egypt.

EXPERIMENTAL DESIGN

The experiment was conducted in nine indoor tanks
(capacity 1000 L) for ten weeks using 9000 white shrimp
(L. vannamei) in post-larval stage (PL,,) with mean initial
weight (0.5 = 0.02 g/ piece). They were obtained from
Barket-Ghalioun fish farm (National farm belonging to
the Egyptian army), Kafr El-Sheikh Governorate. The
post-larvae were acclimatized to laboratory conditions
for two week to reduce stress of transfer and associated
subsequent mortalities (Wabete et al., 2006); where shrimp
were fed a commercial diet containing 40% dietary protein
level of shrimp feed (Alar company, Egypt). After the
accommodation period, shrimps of apparently uniform
size were distributed into three experimental groups of
3000 post-larvae / each group allotted into three replicates
of 1000 post-larvae / each replicate (experimental tanks).
Salinity of all tanks was adjusted from 25%o - 35%0 by
adding sea water over a period of six hours. The first
experimental group (G-I) was kept as control (feed on
basal diets with continues change of water and aeration).
'The second experimental group (G-II) (synbiotic culture

treatment) was fed on 50 % basal diets + fermented rice
bran with Bacillus subtilis without change of water and high
aeration). However, the last experimental group (G-I1I) was
fed on fermented rice bran with Bacillus subtilis (without
basal diets and change of water and high aeration). The
experimental dietary regimens were offered at a decreasing
rate of 10- 1.5% of body weight adjusted weekly based on
growth monitoring. Shrimp were fed to apparent satiation
four times daily. Water quality parameters were measured
continuously along the experiment period and kept up
by siphoning out shrimp faeces and exchanging culture
media at a rate of 10% daily. Each tank was continuously
oxygenated by injection of high pressure air and supplied

with seawater pumped.

EXPERIMENTAL DIET PREPARATION

Bacillus subtilis used in the system of synbiotics in the current
study was commercially purchased as Sanolife PRO-W *
(INVE Company, Belgium) which contains 2x10" CFU/
gram used by 80 gm /Hectare in Shrimp culture. For the
treated group, rice bran was added to water salinity 35%o
by the rate of 1:5 mixed with Bacillus subtilis and leave
for 48 hours with continuous agitation and stir without
aeration to fermentation. The PH was maintained to be
6-7 using sodium bicarbonate. The probiotic concentration
in the feed was checked after diet formulation by counting
Bacillus subtilis strains on MRS plates using serial dilution.
The fermented rice mash with Bacillus subtilis was then
stored in 5-litre boxes at 20°C until use.

PHYSICO-CHEMICAL ANALYSES OF WATER SAMPLES

Wiater quality parameters were observed routinely
throughout the trial time frame. Temperature and dissolved
oxygen were recorded twice daily (08:00 am and 03:00
pm) with OxyGuard Handy Gamma. The pH and salinity
were recorded once daily (08:00 am) with a pH meter
(Hach Lange HQ 40D) and conductimetry (WTW cond
315i), respectively. Total ammonia nitrogen (NH, -N) and
nitrite-nitrogen (NO, -N) were analysed twice weekly by
spectrophotometric method according to Bendschneider

and Robinson (1952).

SAMPLING OF WATER AND BACTERIAL QUANTIFICATION
Following procedures applied by Viliamil et al. (2003),
rearing water samples were collected, pooled and analyzed
during various growth stages along the experiment. Serial
dilution and plating of samples from 107 to 107 was
carried out to detect the total bacterial count (TBC) using
nutrient agar (NA), and total Vibrio count (TVC) using
trypticase soy agar (T'SA) supplemented with 7% NaCl,
as number of colony forming units per ml cfu/ml for water
samples. Dominant colony types on TSA plates were
visually selected on the basis of different colony appearance
and abundance.
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GROWTH PERFORMANCE OF L. VANNAMEI FEED ON
SYNBIOTICS

Along the experimental work, the shrimp samples were
weighted and the total weight gain (TWG), average daily
gain (ADG), specific growth rate (SGR), survival rate
(SR%), feed conversion ratio (FCR), and protein efficiency
ratio (PER) were calculated in all groups according to El-
Shinawy et al. (1999) according to the following equations:

Total weight gain (TWG) (g) Final body weight —Initial body
weight (Annet, 1985).

Average Daily Gain (g/fish/day) = TWG (g)/trial period (d)

Specific growth rate (SGR % / day) = [Ln Final body weight-

Ln Initial body weight] x 100/trial period (d) (Pouomonge
and Mbonglang, 1993)

SR= Tovtal number of fish at the end of the experiment x 100/
absolute number of fish at the start of the experiment.
FCR= feed consumption (g)/Live weight gain. (De Silva and
Anderson, 1995).

PER-=Live weight gain (g)/protein intake (g). (De Silva and
Anderson, 1995).

PROXIMATE COMPOSITION ANALYSIS

Initial body composition analysis was conducted using
prior frozen 100 shrimp samples. At the end of the feeding
experiment, 10 shrimp larvae samples from each treatment
were netted, and their total weights (g) were recorded.
Shrimp larvae were rinsed with sterile sea water for few
seconds, ground into homogeneous slurry, oven-dried
at 60 °C / 48 h, reground and analyzed for total protein,
lipid, ash and carbohydrate content, moisture and fatty
acid profiles following the procedures outlined by previous
records (Lowry et al. (1951); Bligh and Dryer (1959);
AOAC (1980, 1998); Travelyan and Harrison (1952); Jain
and Singh (2000) and Folch et al. (1957) respectively).

DETERMINATION OF NON-SPECIFIC IMMUNE RESPONSE
Shrimp small sized larvae samples were collected every 2
weeks, washed in sterile seawater (SSW) three times and
homogenized at a ratio of 0.10 g / 0.90 ml SSW to obtain
the 10" concentration (IMathew, 1996; Leano et al., 1998).
Lysozyme activity was measured by previously described
method (Paglia and Valentine, 1967), in light of the ability of
lysozyme to lyses Gram positive lysozyme delicate bacterium;
Micrococcus lysodeikticus. Phenoloxidase activities (PO) was
measured spectrophotometrically (Stat Lab, Germany) by
recording the formation of dopachrome produced from
L-dihydroxyphenylalanine (L-DOPA, Sigma) as previously
described (Hernandez Lopez et al., 1996).

MEASUREMENT OF OXIDATIVE STRESS PARAMETERS
Antioxidant defenses were measured by the level of
production of antioxidant enzymes such as Superoxide

Dismutase (SOD), Catalase (CAT) and lipid peroxidation

(LP). Ten shrimps per tank, in the inter-moult stage,
were randomly sampled in order to measure oxidative
stress parameters. Individual shrimps were caught and
homogenized. 10 pl of the extracted samples were
immediately diluted in 100 pl pre-cooled Tris buffer
10mM, 1ImM DTPA, 1mM PMSEF, pH 7.4 and 25 pl was
further diluted in 25 pl trisodium citrate buffer 30 mM,
0.34 M sodium chloride, 1 mM EDTA. Samples were
then immediately frozen and stored at -80°C until assays
were required to be conducted. Superoxide dismutase
(SOD) activity was assayed with minor modifications
according to (Peixoto et al., 2006). Nitrotetrazolium blue
chloride (NBT) was used as detection molecule instead
of cytochrome. Activity was reported by its ability to
inhibit 50 % reduction of NBT. Catalase (CAT) activity
was performed utilizing spectrophotometric assurance of
hydrogen peroxide (H,O,) which frame stable complex
with ammonium molybdate (Claiborne, 1985). Lipid
peroxidase (Malondialdehyde assays) was determined
according to the method of Abdelkhalek et al., 2015.

CYTOKINES EXPRESSION

At the end of the feeding trial, 10 shrimp larvae samples
/treatment were taken, pooled and homogenized using a
glass homogenizer and stored at -80 °C (Perez-Sanchez et
al., 2011). Total RNA was extracted using Trizol reagents
(Invitrogen, UK) according to the manufacturer’s manual.
The reverse transcription (RT-PCR) was performed as
described by Chi et al. (2014) using SYBR green method
in an iQ5 iCycler thermal cycler (Bio-Rad). The reactions
were set on a 96-well plate by mixing, for each sample,
1 pL of diluted (1/20) ¢cDNA, 5 pL of 2x concentrated
iQ_TM SYBR Green Supermix (Bio-rad), containing
SYBR Green as a fluorescent intercalating agent, 0.3 uM
forward primer and 0.3 pM of reverse primer. The thermal
profile for all reactions was 3 min at 95 °C and then 45
cycles of 20s at 95 °C, 20s at 60 °C and 20s at 72 °C.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was included as an internal reference for normalization
of gene expression data. Data analysis was conducted
using the 2-AACT method (Livak and Schmittgen,
2001). Specific primers used for interleukin 4 (IL-4) was
(F:5CTATTAATGGGTCTCACCTCCCAACT  3;
R:5°CATAATCGTCTTTAGCCTTTCCAAG'3),
interleukin 12 (IL-12) was (F:
5 CAGCCTTGCAGAAAAGAGAGC'3;
R: 5" CCAGTAAGGCCAGGCAACAT"3)
and  heat shock protein (HSP) was (F:
5 GTGACGCGAAGATGGACAAGTC 3; R:
5" CACCGTAAGCTACAGCCTCGTC 3).

CHALLENGE TEST (EXPERIMENTAL INFECTION AFTER
BREEDING ON SYNBIOTIC SYSTEM)
'The challenge test was conducted to study the performance
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of synbiotics treatment in increasing V. harveyi resistance
in white shrimp. Three hundred pieces (100 pieces / group)
of shrimp of L. vannamei shrimp PL.__ (average weight
5.8 £ 0.17 g/piece) were used from survive samples in
original experiment. They were transported from tanks
and kept in full prepared glass aquaria (90 x 50 x 35 Cm)
supplemented with aerated seawater (with a salinity of
35%), and acclimated in the wet lab for 1 weeks before
experimentation began. Virulent live Vibrio harveyii
strain used in the challenge experiment, was obtained
from department of poultry and fish diseases Fac. of
Vet. Alex. Univ. where it was previously isolated from
diseased syndrome in private shrimp hatchery. Shrimps
were challenged by immersion with 1.96x107 cfu ml?!
according to Lin et al. (2013). Settled shrimp wastes were
cleaned daily by siphoned of the aquarium’s water, which
was replaced by aerated water from the water storage
tank. Mortality by V. harveyii infection was identified by
checking the characteristic ¥ harveyii of infected shrimps.
'The mortality of shrimps was recorded daily for a period
of 14 days and the dead ones were immediately removed
from the experimental aquarium. The protection against
V. harveyii after challenge was calculated as the relative

percentage survival (RPS) (Alabi et al., 1999).

RPS = 1 - mortality of immunized shrimp (%) + mortality of
control (%) x 100

STATISTICAL ANALYSIS
The obtained data were statistically analyzed using SPSS
15 statistical software and were further tested using a

multiple comparison (Tukey) test at P<0.05.

RESULTS AND DISCUSSION

PHYSICO-CHEMICAL ANALYSES OF WATER SAMPLES

As demonstrated in Table 1, dissolved oxygen had not
shown any significant difference (p>0.05) between
treatments and mean DO value was between 5.50-5.57
mg/L. PH value varied significantly (p<0.05) among
the treatments and lowest pH was recorded in G-III. A
significant difference (p>0.05) was observed in the TAN
values among the treatments, but the highest TAN value of
1.51 mgL! was recorded in G-III treatment. A significant
difference (p<0.05) was recorded in nitrite values with the
highest value of 0.83 mg L™ were recorded in G-III. The
water temperature was recorded between 26.36-26.63°C
and had not shown any significant difference (p>0.05)

between the treatments.

Despite differences in water quality parameters observed
in the current study among treatments, all of them
were within the optimum range for L. vannamei culture

(Mishra et al., 2008; Fast and Lester, 2013). Although

water temperature and dissolved oxygen had not shown
any significant difference between treatments; pH value
was varied significantly among the treatments with lowest
recorded pH value in G-III. The reduction of pH value
in the synbiotic treatments may be attributed to the
higher respiration rates of the heterotrophic community
which increased the carbon dioxide concentration mainly
in limited water exchange treatments (Wasiclesky et al.,
2006). Recorded pH values are partially similar to previous
records (Esparza-Leal et al., 2010; Maici et al., 2012).

Significant difference was observed in the TAN and
nitrite values among the treatments with the highest
values in G-III synbiotic treatment. These results may be
attributed to feed decomposition and animal excretions
resulting in increased ammonia, which is toxic to shrimp.
Consequently, algae and heterotrophic bacteria may
directly assimilate ammonia to build cellular proteins, and
nitrifying bacteria can oxidize ammonia to form nitrite
and nitrate (Cohen et al., 2005; Ebeling et al., 2006; Ray
et al., 2010; Vinatea et al., 2010). In contrary, successful
reduction of ammonia in limited/zero-exchange culture
systems were demonstrated by the manipulation of the
carbon to nitrogen ratio, implicating the assimilation of
the inorganic nitrogen compounds and the production of
microbial biomass (Avnimelech, 2009; Megahed, 2010;
Vinatea et al., 2010; Gaona et al., 2011; Gao et al., 2012;
Xu et al., 2013; Krummenauer et al., 2014).

Total bacterial count (TBC) and total vibrio count (TVC)
Total bacterial and total vibrio counts could be a measure
to assess the health status of shrimp (Emerenciano et al.,
2013). In the current study, as demonstrated in Figure 1,
the total bacterial load in rearing water during larval culture
recorded the highest significant value in G-III (feed on
fermented rice bran with B. subtilis without basal diets and
change of water and high aeration). Similarly, significant
high TBC count was noted in Biofloc system; depending
over the growth of heterotrophic microbes existing within
the culture system (Hari et al., 2004; Azim et al., 2008).
On the contrary, the total vibrio count recorded the highest
significant value in G-I (feed on basal diets with continues
change of water and aeration) and the lowest significant
value in G-III.This might be attributed to the consumption
of a large fraction of the biofloc available in the culture
tank (no change of water) or changes in the composition
and abundance of microbial organisms in the food chain
(Emerenciano et al., 2012). These results mirror that
heterotrophs dominate over vibrio in the water column
in biofloc system (Ju et al., 2008). To clarify the role of
synbiotic in disease perspective, a pathogen-heterotrophs
interaction should be investigated. In biofloc-managed
shrimp culture, concentrations increase than the normal
levels (Kim et al., 2014).

March 2020 | Volume 8 | Issue 3 | Page 264

=SS



OPENaACCESS

Advances in Animal and Veterinary Sciences

Table 1: Water quality parameters (mean + S.E) observed in the present study.

Groups DO (mgL™) pH TAN (mgL™) NO, (mgL™) Temperature ("C)
G-I 5.57 +0.08* 8.12+£0.04* 1.23 £0.02 ¢ 0.13£0.02° 26.36 £ 0.12 *
G-II 5.50+0.13* 7.87 £0.10 1.36 + 0.06 ® 0.72 £0.14® 2641 +£0.16*
G-III 521+0.37* 7.59 £0.14" 1.51 +0.09 * 0.83 +0.19°* 26.63 +0.17 *

Results are presented as means + SD of triplicate observations. Means in the same column with different superscripts are significantly
different (P <0.05); G-I: Control (feed on basal diets with continues change of water and aeration); G-1I: Feed on 50 % basal diets +
fermented rice bran with B. subtilis (without change of water and high aeration); G-III: Feed on fermented rice bran with B. subtilis

(without basal diets and change of water and high aeration).

L= IR LN |

in

i

B TBC (cfu/ml)
m TVC (cfu/ml)

10 Ik IN W

G-lil

Figure 1: Mean total bacterial count and total vibrio count
(cfu/ml) in rearing water during larval culture on symbiotic.

One of the guaranteed focal points of synbiotic cultures
is the low occurrence of pathogenic events or of high
pathogen loads in correlation with traditional cultures,
perhaps in view of interspecific interactions, or of
competition for substrate or essentials nutrients between
pathogens and biofloc-forming microorganisms (Crab et
al., 2010; Emerenciano et al., 2013). This impact might
be particularly apparent when bioflocs are enriched with
probiotic bacteria, resulting in increasing survival and
development of V. parahaemolyticus infected L. vannamei
in a BFT culture system (Krummenauer et al., 2014).

GROWTH PERFORMANCE OF [.. VANNAMEI FEED ON
SYNBIOTICS

Growth performance and feed utilization of the cultured
shrimp larvae, reared in the current experiment, were
significantly affected by dietary supplementation of the
synbiotic compared to those of shrimp fed the Control
diet (Table 2). Final body weight, weight gain and specific
growth rate of shrimp fed basal diet (G-I) were significantly
increased compared to those in G-II (feed on 50% basal
diets + fermented rice bran with B. subtilis) and G-III
(feed on fermented rice bran with B. subtilis (without basal
diets and change of water and high aeration). Offering
dietary basal diet at level of 40 % protein to shrimp,
resulted in significantly higher protein efficiency ratio
(PER) and lower feed conversion ratio (FCR) in synbiotic
treated groups. Significantly higher feed intake (FI) was

observed in shrimp fed the basal diet than in G-I than in
G-II and G-III. The highest significant survival rate was
demonstrated in G-1.

Table 2: Mean values of the growth performance of L.
vannamei in the four treatments at the end of the 60 days
experimental period.

Treatment G-1 G-1I G-111
Initial individual ~ 0.52+0.02  0.50£0.02  0.50 £ 0.02
weight (g)

FBW = SD 571+05a 5.52x04b 536+04c
WG (g) 5.21 5.02 4.86

ADG (g) 0.087 0.084 0.081

SGR (%/ day) 4.06 4 3.95

FCR 2.69 2.79 2.88

PER 1.44 3.23 1.19

SR (%) 87.78 76.67 57.33

Results are presented as means + SD of triplicate observations.
Means in the same column with different superscripts are
significantly different (P <0.05); G-I: Control (feed on basal
diets with continues change of water and aeration); G-II: Feed
on 50 % basal diets + fermented rice bran with B. subtilis (without
change of water and high aeration); G-III: Feed on fermented
rice bran with B. subtilis (without basal diets and change of water

and high aeration).

In the current experiment, it could be noticed that offering
dietary basal diet at level of 40 % protein to shrimp, resulted
in significantly higher protein efficiency ratio (PER) and
lower feed conversion ratio (FCR) in synbiotic treated
groups. Increased protein efficiency ratio may be attributed
to that utilization of synbiotics consider increasingly
productive conversion of ingested food into structural
protein (Hai and Fotedar, 2009). The result match with
previous reports (Xu and Pan, 2013, 2014; Khanjani et al.,
2016).

However, the shrimp in G-I feeding the basal diet showed
better growth performance parameters compared to the
synbiotic treatments (G-II and G-III). The current results
are in accordance with earlier reports (Murthy and Naik,
2002). The diminished growth in synbiotic treatments
might be due to poor digestion and a catabolic effect
resulted from higher proportion of probiotics (Murthy and
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Naik, 2002). Previous studies have reported that biofloc
system with addition of external carbon source improves
the digestive enzyme activity improving growth of shrimps
(Xu and Pan, 2012). With the use of synbiotics, it may be
possible to produce greater benefits than the application
of individual probiotic (Merrifield et al., 2010; Zhang
et al., 2010). Other reports, in contrast to the current
study, had shown improved growth in shrimp as a result
of dietary supplementation with synbiotics; that might
be credited to physiological and biological changes in
the gastrointestinal condition, elevated digestive enzyme
activities, possible improvements of intestine morphology,
enhancement of the digestion and nutrient absorption of
shrimp by the synthesis of vitamins, cofactors and enzyme,
or via synbiotics fermentation by endogenous gut microbes
to produce short chain fatty acids (Gatesoupe, 1999; Li et
al., 2007; Wang, 2007; Daniels et al., 2010; Ai et al., 2011;
Lesmanawati, 2013). Moreover, the synbiotics effect might
also be potentially influenced by the type of species and the
environment. The nature of synbiotics may be attributed
to stimulation of the growth of beneficial bacteria such
as lactic acid bacteria; which is beneficial residents of
the fish’s intestinal ecosystem by producing bacteriocins
inhibiting the growth of certain fish pathogens and thus
positively affect the host’s microflora (Ringe et al., 2010).
The growth performance was significantly improved by
supplementing the basal diet with synbiotics in various fish
species; rainbow trout (Oncorbynchus mykiss) fingerlings
(Rodriguez- Estrada et al., 2009; Mehrabi et al., 2012),
Zebra fish larvae (Nekoubin et al., 2012), Caspian kutum
fry (I)—Iaghighi et al., 2010), Japanese flounder (Ye et al.,
2011).

Proximate composition of L. vannamei feed on synbiotics

Chemical composition of the experimental shrimp larval
body; crude protein (CP), crude lipid, moisture percentage,
carbohydrate and ash content were summarized in and
Figure 2. There was significant increase in crude protein
and lipid in G-I than those of G-II and G-III. However,
G-Irecorded the most significant lowest values of moisture,
carbohydrate and ash contents. Martinez-Cérdova et
al. (2014) reported that the proximate composition of
synbiotic might differ according to several factors such as
cultured species, aeration intensity, salinity, temperature,
dissolved oxygen, carbon source, as well as microbial
community developed (heterotrophic, mixotrophic or
autotrophic). Higher body protein and lipid content in the
fish fed the basal diets implies this fact that, the ingested
tood was converted more effectively into the structural
protein and lipid subsequently resulted in more muscle as
it is a desirable aspect in fish farming. The results disagree
with previous reports where synbiotics supplementation
specifically increased the carcass protein with no significant
difference in lipid and ash content; in biofloc reared
shrimp larvae Emerenciano et al. (2013), rainbow trout

(Mehrabi et al., 2012), Japanese flounder (Ye et al., 2011)
and Caspian kutum fry (Haghighi et al., 2010). Other
researchers reported that biofloc could provide amino
acids, fatty acids and vitamins for shrimp (Logan et al.,
2010; Emerenciano et al., 2012). Increased ash content of
the shrimp body composition in the present study might be
attributed to continuous availability of abundant minerals
and trace elements especially phosphorus from the biofloc
(Xu and Pan, 2012).

G-l

G-ll
G-Il

Total Ash CHO (%)
(%)

Moisture

(%)

Figure 2: The proximate composition of L. vannamei feed
on synbiotics.

CL(%)  CP(%)

FATTY ACIDS PROFILES OF L. VANNAMEI FEED ON
SYNBIOTICS

Fatty acids profiles of fresh shrimp fillets reared in the
current experiment are demonstrated in Table 3 and Figures
3,4 and 5. Shrimp in G-I, feeding on basal diets, recorded
the highest levels of saturated (SFAs), polyunsaturated and
monosaturated fatty acids.

U
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Figure 3: Gas liquid chromatography (GLC) profile of
Fatty acids of sample No G-I.

It could be noticed that polyunsaturated fatty acids (PUFAs)
constitute the majority of the fatty acids composition
(36.23% of total fatty acids), followed by saturated (33.07%
SFAs) and monounsaturated fatty acids (30.70% MUFAs).
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The total polygenes content including eicosapentaenoic
acid 20:5 (n-3) (EPA) and docosahexaenoic acid 22:6 (n-
3) (DHA) were the most prominent polyunsaturated fatty
acids.

Table 3: Fatty acids profiles (%weight) of the Post-larval
extract of L. vannamei feed on diet and synbiotics (mg- g™

dry weight) at the end of the 60 days experimental period.

Fatty acids profiles G-1 G-1I G-I
C14:0 10.3 7.5 5.5
C16:0 62.5 31.0 23.6
C16:1n-7 43.1 28.3 23.6
C18:0 1.8 0.5 0.8
C18:1n-9 12.8 4.4 1.3
C18:2n-6 5.6 4.4 1.7
C20:4n-6 53 0.3 0.3
C20:5n-3 45.0 49.3 43.2
X SAT 74.6 38.8 29.9
¥ MUFA 55.9 32.7 24.6
X PUFA 55.9 53.9 45.2
2 -3 45.0 49.3 43.2
2 0-6 10.9 4.7 2.0
Total Fatty Acids 186.3 1254  99.6

SAT: saturated fatty acids; MUFA: monounsaturated fatty acids;
PUFA: polyunsaturated fatty acids.

'The improved characteristic larvae can be clarified by the
contribution of natural food (microorganisms) from the
synbiotic system. Under our culture conditions, we can
easily understand that synbiotic potentially represents an
important food source, especially for PLs and PUFAs.
But it is important to note that the proximal composition
or nutritional value of biofloc changes according to the
culture conditions and is closely related to the microflora
of the biofloc environment (Xu et al., 2012). Moreover, the
outdoor tanks were exposed to daylight and the biofloc
aggregate was a mixture of micro-algae and bacteria.
Microalgae biomass is well known to be rich in PUFA and
could be an important source of essential FA for aquatic
animals (Olvera-Novoa et al., 1998).

In the current study, the total lipid content of the synbiotic
was close to 7 represented by Postlarvae (NRC, 2011). FA
(n-3) represented the most elevated extent of all FAs in
the PLs fractions. The essential FAs for shrimps found in
biofloc aggregates were dominated by EPA (10% of the
dry matter), DHA (1.7% of DM) and ARA (1.5% of
DM). The dietary requirements for these 3 essential FAs
for P, japonicas, P monodon and L. vannamei were found
to be 0.5 to 1.1% (EPA and DHA) and 0.5% (ARA),
respectively (NRC, 2011). These FAs play a crucial role
in the reproduction of peneid shrimps (Coman et al.,

2011). More broadly, the latter FA is believed to play an

important role in reproduction in many cultured marine
fish and crustacean species (Mazorra et al., 2003).
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Figure 4: Gas liquid chromatography (GLC) profile of
Fatty acids of sample No G-II.
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Figure 5: Gas liquid chromatography (GLC) profile of
Fatty acids of sample No G-III.

NON-SPECIFIC IMMUNE RESPONSE IN LARVAL EXTRACT
As summarized in Figure 6, lysozyme and phenoloxidase
activities were significantly increased in G-II and G-III
which is supplemented with B. subtilis in their diets
(significantly higher (P<0.05) than control group). The
results indicated that the immune response of shrimp was
strongly stimulated by ingestion of B. subtilis. Similar results
were obtained by Rengpipat et al. (2000) with Bacillus
in P mondon and by Mariel et al. (2004) with Bacillus in
P vannamei. Tseng et al. (2009) also found that shrimp
fed at a higher concentration of the probiotic exhibited a
significant increase in phenoloxidase activity, phagocytic
activity and clearance efficiency compared with the control
shrimp. The bacterial biomass mixed with feed might help
in colonization of the intestine to perform competitive
exclusion mechanism in shrimp (Rengpipat et al. 2000),
and colonization with specific microbiota may play a role
in balancing the intestinal mucosal immune system, which
may contribute towards the induction and maintenance of
immunological tolerance or inhibition of the deregulated
responses induced by pathogens in the host (Gatesoupe,
1999).
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Figure 6: Immune parameters of L. vannamei feed on
synbiotics at the end of the 60 days experimental period.

Lysozyme, being a cationic enzyme with antibacterial
activity (Chipman and Sharon, 1969), can be elevated in
fish blood by infections or invasion of foreign materials,
such as immunostimulants, vaccines and probiotics
(Siwicki and Studicka, 1987). For instance, Bacillus subtilis,
and Lactobacillus acidophilus (Aly et al., 2008), Pediococcus
acidilactici (Ferguson et al., 2010; Standen et al., 2013)
supplemented to tilapia feed led to the enhancement of
lysozyme activity. Similarly, both live and heat-inactivated
Psychrobacter sp. resulted in significant upregulation of
g-type lysozyme gene in Atlantic cod (Gadus morbua)
kidney leucocytes in-vitro (Caipang et al., 2010; Lazado
et al., 2010). Elevation in the lysozyme activity, following
different probiotics and prebiotics, has also been recorded
in snakehead (Channa striata) fingerlings (Talpur et al.,
2014), common carp (Cyprinus carpio) (Jian and Wu,2004)
and large yellow croaker (Pseudosciaena crocea) (Jian and
‘Wu, 2003). The pro-phenoloxidase system was involved in
encapsulation and melanization, which functions as a non-
self-recognition system (Johansson and Soderhall, 1989).

'There is some information available to date regarding the
interaction between synbiotics and non-specific immune
response of shrimp. In the present experiment, the immune
response, were significantly improved by supplementing the
basal diet with synbiotics. This is in agreement with results
of some studies that have revealed the effects of synbiotics
in improved health status of the Japanese flounder
(Paralichthys olivaceus) which was more pronounced in fish
fed the synbiotics than those fed pre- and probiotics alone.
Synbiotics, the combined application of probiotics and
prebiotics, is based on the principle of providing a probiont
with a competitive advantage over competing endogenous
populations; thus, effectively improving the survival and
implantation of the live microbial dietary supplement in the
gastrointestinal tract of the host (Gibson and Robefroid,
1995). With the use of synbiotics, it may be possible to
produce greater benefits than the application of individual
probionts (Merrifield et al., 2010). According to Soleimani

et al. (2012), dietary supplementation of synbiotics
improved the innate immune response, stress resistance
in Caspian roach fry. Stimulation of the immune response
of fish through dietary supplements is of high interest for
commercial aquaculture (Staykov et al., 2007). The innate
immune system is very important in this regard because
aquatic animals are continually vulnerable to numerous
opportunistic pathogens and this part of immune response
provides the first line of defense for the host (Magnadottir,
2006).The use of natural immunostimulants is a promising
area in aquaculture because they are biodegradable,
biocompatible and safe for both the environment and
human health (Ortuno et al., 2002). It is clear from the
present study that dietary supplementation of synbiotics
can modulate the innate immune responses of the shrimp
L.vannamei. Similarly, Ye et al. (2011) reported that
lysozyme activity was significantly higher in Japanese
flounder fed a synbiotics diet (FOS + Bacillus clausii, MO S+
Bacillus clausii or FOS + MOS + Bacillus clausii) than in
fish fed the control diet. Similar to our results, dietary
FOS has been reported to stimulate the innate immune
responses, such as serum total immunoglobulin and serum
lysozyme activity in roach (Soleimani et al., 2012). The
immunostimulatory nature of synbiotics may be attributed
to stimulation of the growth of beneficial bacteria such as

lactic acid bacteria (Zhang et al., 2010).

OXIDATIVE STRESS PARAMETER

Dietary supplementation of synbiotic by B. subtilis could
affect the antioxidative parameters of shrimp extract as
summarized in Table 4 and Figure 7.The SOD activities of
G-ITand G-II1 (10" / CFUg-' B. subtilis feed-treated) were
significantly higher than G-I (feed on basal diet). There
was no significant difference in the CAT activity (P<0.05)
among the all synbiotic and control group. On contrary, the
malondialdehyde concentrations were significantly lower
(P<0.05) in the synbiotic -treated groups than the control.
To our knowledge, very few studies with penaeid shrimps
have reported probiotic effects on antioxidant defenses and
oxidative stress status. Recently, Chiu et al. (2007) reported
that Lactobacillus plantarum administered at 107 CFU.g-1
of feed was able to induce immune modulation and
enhanced immunity ability of L. vannamei, increasing its
resistance to V. alginolyticus infection. At this stage where
further investigations on the subject are still required to
elucidate the possible mode of action, it could however
be hypothesized that the observed effect was as a
result of the following: (i) a lower production of ROS
due to a limitation of the infection level and/or (ii) a
higher antioxidant status in the shrimp fed a probiotic
diet. Given the observations by Chiu et al. (2007), it
would be interesting to study the relationship between
anti-oxidative status and immune response under the
particular conditions of the current study.
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'The association of several biomarkers is therefore regarded
as the best optional way to suitably evaluate oxidative stress
status. In marine aquatic organisms, it has been reported
that the main antioxidant enzymes are generally with
higher activity in biotransformation organs as digestive
tissues (Livingstone et al., 1992; Lemaire and Livingstone,
1993). We have also, in this study, measured CAT and
SOD activity in the larval extract, since the blood cells
of invertebrates are the primary effectors in host defence
and are involved in various immune processes such as

phagocytosis (Soderhill and Cerenius, 1998).

Assaying of antioxidant enzymes can provide an indication
of the antioxidant status of the organisms and can serve
as biomarkers of oxidative stress (Kohen and Nyska,
2002). One of the most important biochemical parameters
for antioxidant effects is the SOD level of tissues. SOD
is an enzyme-metabolizing superoxide radical, and its
level is directly related to CAT activities. Studies of the
enhancement of the antioxidant ability of shrimps arising
from the administration of Bacillus are scarce. In the present
study, a promising antioxidative response stimulation of P
vannamei was shown with probiotic B. subtilis treatment.
The superoxide anion (O, ) can react with NO to generate
peroxynitrite, which may lead to the formation of hydroxyl
(OH) radicals (Koppenol et al., 1992). Lipid peroxidation,
considered being a complex process that is self-propagating
and causes destruction, increases the rigidity of cellular
membranes. The widely used assay for lipid peroxidation
is MDA formation, which represents the final product of
lipid peroxidation. The concentration of MDA is direct
evidence of the toxic processes caused by free radicals and
the MDA level was considered to be suitable indicator of
the extent of lipid peroxidation (Nogueira et al., 2003). The
decrease in the MDA level might be an indicator of an
increase in the enzymatic and nonenzymatic antioxidants of
defence mechanisms. During the present investigations, a
significantly lower MDA concentration in the larval extract
ted with probiotics was observed compared with the control
group. The results revealed that dietary supplementation of
B. subtilis increased the activities of SOD and CAT, and
consequently reduced lipid peroxidation and superoxide
anion in the larval extract of shrimp (P vannamei).

Larval extract of L. vannamei exhibited SOD and CAT
activities in the same range of values to the ones reported
in previous studies carried out in healthy (control) shrimps
of the species, P monodon and L. vannamei (Li et al., 2008).
'These results clearly indicate that the healthy shrimps were
not exposed to any oxidative stress resulting in detectable
response(s) such as those of anti-oxidative defence systems
and or specific tissue damage. Healthy shrimps fed the
probiotic diet did not exhibit any obvious differences
regarding SOD and CAT activity and MDA levels

compared to control animals with regards to the conditions.

On the other hand, the probiotic fed shrimps presented
lower activities of SOD and CAT. This observation
could be explained by a lower stimulation of these two
antioxidant enzymes. Indeed, the reduction of antioxidant
enzymatic activities were, in some cases, associated with
decreased oxidative stress and free radical activities (These
were based on the fact that the lower oxidative stress, the
fewer antioxidant enzymes were produced (Rahmat et
al., 2006). With regards to MDA, probiotic shrimps also
exhibited lower levels than the controls but without any
significant difference. However, we can assert that the
measure of MDA, as a biomarker of oxidative damage to
lipids, presents weaknesses with regard to its sensitivity, as

recently reviewed by Lykkesfeldt (2007).

CYTOKINE GENES EXPRESSION ASSAY

At the end of the feeding trial, larval extract of L. vannamei
was checked for cytokine gene expression; encoding IL-
4,1L-12 and HSP using RT-qPCR (Figures 8A, B and
C). Results of IL-4 and IL-12 genes indicated that levels
of expression of these genes were significantly decreased
in G-I (feed on basal diet) compared to those G-II (feed
on 50% basal diets + fermented rice bran with B. subtilis)
and G-III (feed on fermented rice bran with B. subtilis
without basal diets and change of water and high aeration).
However, results of HSP gene recorded that G-I were
significantly increased compared to G-1I and G-III; where
there was downregulation of HSP.

Cytokines are protein mediators produced by immune
cells. They play an important role in the immune system
by contributing to cell growth, differentiation and defense
mechanisms (Nayak, 2010) against improper conditions
that may induce stress which negatively affects fish health
and performance (He et al, 2011). The expression of
different types of cytokine genes in various hosts can be up-
regulated by probiotics (Nayak, 2010). Of these cytokine
genes, heat shock protein (HSP), in particular HSP70
gene expression has been found to be related to stressful
conditions in aquaculture (Rollo et al., 2006). This gene has
been generally reported to be down-regulated in fish fed
probiotics; coinciding with enhanced growth rate (Avella
et al., 2010b, 2011). Whole-body HSP70 expression can
be significantly reduced in various fish species, including
clown fish larva (Amphiprion ocellaris) and zebrafish
treated with Lactobacillus rbamnosus (Avella et al., 2010b,
2012), as well as in common sole (Solea solea) treated
with Enterococcus faecium IMC 511 (Avella et al., 2011).
Additionally, Avella et al. (2010a) reported that gilthead
sea bream larvae fed live prey enriched with probiotics
(mixture of Bacillus) showed reduced level of HSP70 gene
expression, which indicated a positive role of this mixture
in reducing the severity of cellular stress as suggested by
Aly et al. (2008). In line with these findings, the present

study showed lowered HSP gene expression in larval
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extract of L.vannamei fed synbiotics, when compared with
the control group. However, Lactobacillus fructivorans and
L. plantarum succeed to induce high total body HSP70
expression in sea bream (Rollo et al., 2006). Bacillus subtilis
C-3102 also lead to up-regulation in the liver HSP70 gene
expression of common carp (Cyprinus carpio) at day 10, but
reduced thereafter, while did not affect intestinal HSP70
expression level (He et al., 2011).

Table 4: Antioxidation factors of L. vannamei feed on
synbiotics at the end of the 60 days experimental period
(Umg-! protein).

Groups SOD CAT MDA
Umg'protein  Umg* protein Umg protein
G-I 11.29 £3.55b  1.00 = 0.05 8.67 = 0.81a
G-I 20.41+291ab 1.29+0.21 571+ 0.72b
G-IIT  2734+551a  1.05+0.03 4.83+0.67b

Results are presented as means = SD of triplicate observations.
Means in the same column with different superscripts are
significantly different (P <0.05). G-I: Control (feed on basal
diets with continues change of water and aeration); G-II: Feed
on 50 % basal diets + fermented rice bran with B. subtilis (without
change of water and high aeration); G-III: Feed on fermented
rice bran with B. subtilis (without basal diets and change of water
and high aeration); SOD: superoxide dismutase; CAT: catalase;
MDA: malondialdehyde.
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Figure 7: antioxidation factors of L. wannamei feed on
synbiotics at the end of the 60 days experimental period.

Interleukin-4 (IL-4) is one of the essential cytokines in
mediated immune responses. It has been shown to regulate
the production of many immune cytokines, particularly in
humans and mammals, while little work has been done in
fish (Li et al., 2007). The present results showed that IL-4
gene expression was up-regulated in the larval extract of
L.vannamei fed synbiotics compared to the control group.
'This finding is in agreement with the results of Perdigon
et al. (2002) who confirmed that up-regulation of IL-4
was shown in mice after 5 days of oral administration of
Lactobacillus delbrueckii sp. bulgaricus or Lactobacillus casei.
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Figure 8: 1L-4 (A), IL-12 (B), and HSP (C) mRNA
quantification in the larval extract of L. vannamei teed on
synbiotics at the end of the 60 days experimental period.
Values are mean + SE, n = 3.

IL-12 is a pro-inflammatory critical cytokine, playing a
major role in regulating the adaptive immune response,
which coordinates the ensuing immune response (Wang
and Secombes, 2013). The available information indicates
that a number of probiotics can effectively modulate the
secretion of IL.-12 in large amounts in many animals (Von
Der Weid et al., 2001; Christensen et al., 2002; Nayak,
2010).The present study showed that IL.-12 gene expression
was up-regulated in the larval extract of L.vannamei fed
synbiotics compared to the control group. Similarly, Kato et
al. (1999) reported that oral administration of Lactobacillus
casei strain induced the production of pro-inflammatory
cytokine IL-12 in mouse.
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CHALLENGE EXPERIMENT OF VIBRIO HARVEYII

At the end of the feeding trial, shrimp larvae were
challenged with V. harveyii by immersion with 1.96x107
cfu ml™. The cumulative mortality and protective efficacy
of L. vannamei was illustrated in Figure 9. Cumulative
mortality was significantly increased and protective
efficacy was significantly decreased in G-I (feed on basal
diet) compared to those G-II (feed on 50% basal diets +
fermented rice bran with B. sudti/is) and G-III (feed on
fermented rice bran with B. subtilis without basal diets and
change of water and high aeration).

« Mortality rate
M RLP %

G-ll G-l

G-lll

Figure 9: Cumulative mortality and protective efficacy of
L. vannamei feed on synbiotics at the end of the 60 days
experimental period and challenge with V. harveyii after end
of the experiment by immersion with 1.96x107 cfu ml™.

One of the claimed advantages of synbiotic cultures is the
low occurrence of pathogenic events or of high pathogen
loads in comparison with traditional cultures, possibly
because of interspecific interactions, or competition
for substrate or essentials nutrients between pathogens
and biofloc-forming microorganisms (Crab et al., 2010;
Emerenciano et al., 2013). This effect may be particularly
evident when bioflocs are enriched with probiotic bacteria,
where Krummenauer et al. (2014) found effective in
increasing survival and growth of Vibrio parahaemolyticus-
infected L. vannamei in a BFT culture system. It is
important to provide healthy shrimp with higher
production and probiotics has a great deal of potential
(Gomez-Gil et al. 2000). Effects of commercial probiotic
on aquaculture has been investigated by researchers, and
some of these research have not shown any positive effects
on growth parameters or survival rate or any promising
result on the cultural condition.

Although shrimp L. vannamei growth and FCR during
the 60 days of the trial were extremely good once the
infection by Vibrio was noticed. We assume that the
difference in shrimp survival rate between the three feeds

is related to the diet composition. Preliminary information
suggests that supplementation of the synbiotic may have
contributed to the improved survival. Although significant
reduction in mortality was noticed treatments once the
shrimp were infected by the V. harveyii. This improved
survival of rate of shrimp postlarvae has to be linked to
their lower SOD and CAT ratio compared to the shrimps
from the control. Larva of shrimp feed on synbiotics
exhibited a better antioxidant status too, marked by a
higher concentration is considered to be one of the most
important components of the antioxidant defences of
living cells, neutralizing hydroxyl radicals against which
there is no enzymatic neutralization (Surai, 2002). Thus,
our result indicates that synbiotics rearing acts in such a
way as to increase the antioxidant status of shrimps and
to reduce oxidative stress, leading to a better resistance
to handling stress undergone during their transfer into
the hatchery and the reproduction process (Wabete et
al., 2004). Similarly, application of synbiotics was found
to enhance survival of Zebrafish larvae (Nekoubin et al.,
2012), rainbow trout (Mehrabi e# al, 2012) and Caspian
kutum fry (Haghighi et al., 2010).

'The improved resistance in the present study was similar to
that reported for cobia (Salze et al.,2008); White Sea bream
larvae (Dimitroglou et al., 2010) and Kutum fry (Akrami,
2010). It has been suggested that greater resistance to
challenges might be due to improved microvilli alignment,
as has been reported in (Dimitroglou et al., 2010), which
may increase the protective function of the mucin barrier
and affection regulation (Salze et al.,2008); however, future
studies are required to test this speculative hypothesis. This
study corroborates the functionality of synbiotics in the
diet of roach which positively affects growth performance,
immune response, and beneficial intestinal microbiota and
stress resistance.

CONCLUSION

From the overall data of the current study, it could be
concluded that the synbiotic containing probiotic B.
subtilis in shrimp (L. vannamei) diets can significantly
improve the growth by enhancing the immune response
(Phenoloxidase and Lysozyme) and antioxidative activity
(CAT,SOD and MAD activity). Moreover, the synbiotic has
positively affected water quality and biofloc composition.
The concurrent increases of non-specific responses of
the shrimp fed the synbiotic supplemented diets may
suggest that the antioxidant defense system and innate
immune system could work synergistically to improve the
physiological performance of the shrimp leading to higher
disease resistance against bacterial challenge. This system
can play a key role in developing a sustainable aquaculture
via better water quality, maintenance decrease in feed
requirements and higher production to achieve more profit
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in shrimp farming. Consequently, the synbiotic could be

practically used as a viable alternative dietary supplement.

AUTHORS CONTRIBUTION

All authors contributed equally.
CONFLICT OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

*Abdelkhalek NK, Ghazy EW, Abdel-Daim MM (2015).
Pharmacodynamic interaction of Spirulina platensis and
deltamethrin in freshwater fish Nile tilapia, Oreochromis
niloticus: impact on lipid peroxidation and oxidative stress.
Environ. Sci. Poll. Res. Int. 22: 3023-3031. https://doi.

org/10.1007/s11356-014-3578-0

*Adema C, Van der Knaap M, Sminia WPW (1991). Molluscan

haemocyte mediated cytotoxicity: the role of reactive oxygen

intermediates. Rev. Aquat. Sci. 4: 201-223.

*Ai Q, Xu H, Mai K, Xu W, Wang ], Zhang W (2011).
Effects of dietary supplementation of Bacillus subtilis and
fructooligosaccharide on growth performance, survival, non-
specific immune response and disease resistance of juvenile

large yellow croaker, Larimichthys crocea. Aquacult. 317: 155-

161. https://doi.org/10.1016/j.aquaculture.2011.04.036

*Akrami R (2010). The effects of mannan oligosaccharide on

growth, survival, body composition and resistance of Caspian

Sea white fish (Rutilus rutilus).]. Mar. Sci. Technol. 21: 8.

*Alabi A, Jones D, Latchford J (1999). The efficacy of immersion

as opposed to oral vaccination of Penaeus indicus larvae
against Vibrio harveyi. Aquacult. 178: 1-11. https://doi.

0rg/10.1016/50044-8486(99)00131-3

*Aly SM, Abdel-Galil AY, Abdel-Aziz Gh A, Mohamed
MF (2008). Studies on Bacillus subtilis and Lactobacillus
acidophilus, as potential probiotics, on the immune response
and resistance of Tilapia nilotica (Oreochromis niloticus) to
challenge infections. Fish Shellfish Immunol. 25: 128-136.

https://doi.org/10.1016/}.£51.2008.03.013

*Anand PSS, Kumar S, Panigrahi A, Ghoshal TK, Dayal
JS, Biswas G (2013). Effects of C:N ratio and substrate
integration on periphyton biomass, microbial dynamics and
growth of Penaeus monodon juveniles. Aquacult. Int. 21: 511-

524. https://doi.org/10.1007/s10499-012-9585-6

*Annet CS (1985). A model to facilitated optimal aquaculture
production by quantitatively relating fish growth to feed
and other environmental resources. Ph.D, thesis, Michigan.

State University, U.S.A.

* AOAC (1980). Association of Analytical Chemists, Washington.

DC. pp. 125-139.

*Association of Official Analytical Chemist (1998). Official
methods of analysis of AOAC International, AOAC

International, Maryland.

* Avella MA, Gioacchini G, Decamp O, Makridis P, Bracciatelli
C, Carnevali O (2010a). Application of multi-species of
Bacillus in sea bream larviculture. Aquacul. 305: 12-19.

https://doi.org/10.1016/j.aquaculture.2010.03.029

* Avella MA, Olivotto I, Silvi S, Place AR, Carnevali O (2010b).

Effect of dietary probiotics on clownfish: A molecular
approach to define how lactic acid bacteria modulate
development in a marine fish. Am. J. Physiol. Regul. Integr.
Comp. Physiol. 298: R359-R371. https://doi.org/10.1152/
ajpregu.00300.2009

* Avella MA, Olivotto I, Silvi S, Ribecco C, Cresci A, Palermo
T, Polzonetti A, Carnevali O (2011). Use of Enterococcus
faecium to improve common sole (Solea solea) larviculture.
Aquacult.  315: 384-393.  https://doi.org/10.1016/j.
aquaculture.2011.02.046

*Avella MA, Place A, Du §J, Williams E, Silvi S, Zohar Y,
Carnevali O (2012). Lactobacillus rbhamnosus accelerates
zebrafish backbone calcification and gonadal differentiation
through effects on the GnRH and IGF systems. PLoS One.
7:e45572. https://doi.org/10.1371/journal.pone.0045572

* Avnimelech Y (2009). Biofloc technology. A practical guide
book. The World Aquaculture Society, Baton Rouge. United
States. pp. 182.

*Azim ME, Little DC, Bron JE (2008). Microbial protein
production in activated suspension tanks manipulating C/N
ratio in feed and implications for fish culture. Bioresour.
Technol. 99: 3590- 3599. https://doi.org/10.1016/j.
biortech.2007.07.063

*Babu YM, Ramudu KR, Dana SS, Dash G (2013). An overview
on Litopenaeus vannamei farming practices in India, current
issues, problems and future perspectives. Int. J. Curr. Res.
5(08): 2118-2122.

*Bauer W, Prentice-Hernandez C, Tesser MB, Wasielesky JW,
Poersch LHS (2012). Substitution of fishmeal with microbial
floc meal and soy protein concentrate in diets for the pacific
white shrimp Litopenaeus vannamei. Aquacult. 342: 112-
116. https://doi.org/10.1016/j.aquaculture.2012.02.023

*Bendschneider K,RobinsonR] (1952).A newspectrophotometric
method for the determination of nitrite in sea water. . Mar.
Res. 11: 87-96.

*Bligh EG, Dyer W] (1959). A rapid method of total lipid
extraction and purification. Can. J. Biochem. Physiol. 37:
911-917. https://doi.org/10.1139/059-099

* Caipang CMA, Brinchmann MF, Kiron V (2010). Antagonistic
activity of bacterial isolates from intestinal microbiota of
Atlantic cod, Gadus morbua, and an investigation of their
immunomodulatory capabilities. Aquacult. Res. 41: 249-
256. https://doi.org/10.1111/j.1365-2109.2009.02327 x

*Cerezuela R, Meseguer J, Esteban MA (2011). Current
knowledge in synbiotic use for fish aquaculture: a review. J.
Aquacult. Res. Dev. S1: 008. https://doi.org/10.4172/2155-
9546.51-008

*Cheng G, Hao H, Xie S, Wang X, Dai M, Huang L, Yuan Z
(2014). Antibiotic alternatives: the substitution of antibiotics
in animal husbandry? Front. Microbiol. 5: 217. https://doi.
org/10.3389/fmicb.2014.00217

+Chi C, Jiang B, Yu XB, Liu TQ, Xia L, Wang GX (2014).
Effects of three strains of intestinal autochthonous bacteria
and their extracellular products on the immune response
and disease resistance of common carp, Cyprinus carpio. Fish
Shellfish Immunol. 36: 9-18. https://doi.org/10.1016/j.
£51.2013.10.003

*Chipman DM, Sharon N (1969). Mechanism of lysozyme
action.  Sci.165: 454-465.  https://doi.org/10.1126/
science.165.3892.454

*Chiu CH, Guu YK, Liu CH, Pan TM, Cheng W (2007).
Immune responses and gene expression in white shrimp,
Litopenaeus vannamei, induced by Lactobacillus plantarum.

March 2020 | Volume 8 | Issue 3 | Page 272

=SS


https://doi.org/10.1007/s11356-014-3578-0
https://doi.org/10.1007/s11356-014-3578-0
https://doi.org/10.1016/j.aquaculture.2011.04.036
https://doi.org/10.1016/S0044-8486(99)00131-3
https://doi.org/10.1016/S0044-8486(99)00131-3
https://doi.org/10.1016/j.fsi.2008.03.013
https://doi.org/10.1007/s10499-012-9585-6
https://doi.org/10.1016/j.aquaculture.2010.03.029
https://doi.org/10.1152/ajpregu.00300.2009
https://doi.org/10.1152/ajpregu.00300.2009
https://doi.org/10.1016/j.aquaculture.2011.02.046
https://doi.org/10.1016/j.aquaculture.2011.02.046
https://doi.org/10.1371/journal.pone.0045572
https://doi.org/10.1016/j.biortech.2007.07.063
https://doi.org/10.1016/j.biortech.2007.07.063
https://doi.org/10.1016/j.aquaculture.2012.02.023
https://doi.org/10.1139/o59-099
https://doi.org/10.1111/j.1365-2109.2009.02327.x
https://doi.org/10.4172/2155-9546.S1-008
https://doi.org/10.4172/2155-9546.S1-008
https://doi.org/10.3389/fmicb.2014.00217
https://doi.org/10.3389/fmicb.2014.00217
https://doi.org/10.1016/j.fsi.2013.10.003
https://doi.org/10.1016/j.fsi.2013.10.003
https://doi.org/10.1126/science.165.3892.454
https://doi.org/10.1126/science.165.3892.454

OPEN@ACCESS

Advances in Animal and Veterinary Sciences

Fish Shellfish Immunol. 23: 364-377. https://doi.
org/10.1016/.£51.2006.11.010

*Christensen HR, Frokiaer H, Pestka JJ (2002). Lactobacilli
differentially modulate expression of cytokines and
maturation surface markers in murine dendritic cells.
J.  Immunol.168: 171-178.  https://doi.org/10.4049/
jimmunol.168.1.171

*Clairbone A (1985). Catalase. In: R. Greenwald, Editor,
Handbook of Methods for Oxygen Radical Research, CRC
Press, New York, pp. 283-284.

*Cohen J, Samocha TM, Fox JM, Gandy RL, Lawrence AL
(2005). Characterization of water quality factors during
intensive raceway production of juvenile Litopenacus
vannameiusing limited discharge and biosecure management
tools. Aquacult. Eng. 32: 425-442. https://doi.org/10.1016/j.
aquaeng.2004.09.005

*Coman GJ, Arnold SJ, Barclay M, Smith DM (2011). Effect
of arachidonic acid supplementation on reproductive
performance of tank-domesticated Penaeus monodon.
Aquacult. Nut. 17(2): 141-151. https://doi.org/10.1111/
j.1365-2095.2009.00716.x

*Crab R, Chielens B, Wille M, Bossier P, Verstracte W (2010).
The effect of different carbon sources on the nutritional value
of bioflocs, a feed for Macrobrachium rosenbergii postlarvae.
Aquacult. Res. 41: 559-567. https://doi.org/10.1111/5.1365-
2109.2009.02353.x

*Daniels CL,Merrifield DL, Boothroyd DP, Davies SJ, Factor
JR, Arnold KE (2010). Effect of dietary Baci/lus spp. and
mannan oligosaccharides (MOS) on European lobster
(Homarus gammarus L.) larvae growth performance, gut
morphology and gut microbiota. Aquacult. 304: 49-57.
https://doi.org/10.1016/j.aquaculture.2010.03.018

*De BC, Meena DK, Behera BK, Das P, Das Mohapatra PK,
Sharma AP (2014). Probiotics in fish and shellfish culture:
immunomodulatory and ecophysiological responses. Fish
Physiol. Biochem. 40: 921-971.

*De-Silva SS, Anderson TA (1995). Fish Nutrition in
Aquaculture, Ed., Champman and Hall, 2-6 Bouday Raw,
London SEI8 FIN, UK.

* Dimitroglou A, Davies SJ, Sweetman J, Divanach P, Chatzifotis S
(2010). Dietary supplementation of mannan oligosaccharide
on white sea bream (Diplodous sargus L.) larvae: Effects
on development, gut morphology and salinity tolerance.
Aquacult. Res. 41: 245-251. https://doi.org/10.1111/§.1365-
2109.2010.02513.x

*Ebeling JM, Timmons MB, Bisogni JJ (2006). Engineering
analysis of the stoichiometry of photoautotrophic,
autotrophic, and heterotrophic control of ammonia-nitrogen
in aquaculture production systems. Aquacult. 257: 346-358.
https://doi.org/10.1016/j.aquaculture.2006.03.019

*El-Shinawy AZ, Abd-Elmonieum EM, Abou-Hadid AF
(1999). The use of organic manure for lettuce plants grown
by hydroponics. Acta Hortic. 486: 315-317. https://doi.
org/10.17660/ActaHortic.1999.491.47

*Emerenciano M, Ballester EL, Cavalli RO, Wasielesky W
(2011). Effect of biofloc technology (BFT) on the early
postlarval stage of pink shrimp Farfantepenaeus paulensis:
growth performance, floc composition and salinity stress
tolerance. Aquacult. Int. 19(5): 891-901. https://doi.
0rg/10.1007/510499-010-9408-6

*Emerenciano M, Ballester ELC, Cavalli RO, Wasielesky W
(2012). Biofloc technology application as a food source in
a limited water exchange nursery system for pink shrimp

Farfantepenacus  brasiliensis (Latreille, 1817). Aquacult.
Res.  43:  447-457.  https://doi.org/10.1111/j.1365-
2109.2011.02848.x

* Emerenciano M, Gaxiola G, Cuzon G (2013). Biofloc technology
(BEFT): a review for aquaculture application and animal food
industry. In: Matovic MD (ed.) Biomass now-Cultivation
and utilization, In Tech, Queen’s University, Belfast, Canada.
pp- 301-328. https://doi.org/10.5772/53902

*Esparza-Leal HM, Ponce-Palafox JT, Aragén- Noriega
EA, Arredondo-Figueroa JL, Garcia-Ulloa Gémez M,
Valenzuela-Quifionez W (2010). Growth and performance
of the whiteleg shrimp Penacus vannamei (Boone) cultured
in low-salinity water with different stocking densities and
acclimation times. Aquacult. Res. 41: 878-883. https://doi.
org/10.1111/5.1365-2109.2009.02367 x

*Fast AW, Lester L] (2013). Marine shrimp culture: principles
and practices. Vol. Dev. Aquacult. Fish. Sci., Elsevier. ISBN:
978-0-444-88606-4 (Vol. 23)

*Ferguson RM, Merrifield DL, Harper GM, Rawling MD,
Mustafa S, Picchietti S, Balcazar JL, Davies SJ (2010).
The effect of Pediococcus acidilactici on the gut microbiota
and immune status of on-growing red tilapia (Oreochromis
niloticus). ]J. App. Microbiol. 109: 851-862. https://doi.
org/10.1111/5.1365-2672.2010.04713 x

*Folch AJ, Less M, Sloan-Stanley GH (1957). A simple method
for isolation and purification of total lipids from animal
tissues. J. Biol. Chem. 226: 497-509.

*Gao L, Shan HW, Zhang TW, Bao WZ, Ma SJ (2012). Effects
of carbohydrate addition on Lifopenaeus vannamei intensive
culture in a zero-water exchange system. Aquacult. 342: 89-
96. https://doi.org/10.1016/j.aquaculture.2012.02.022

*Gaona CA, Poersch PL, Krummenauer HD, Foes GK,
Wasielesky W (2011). The effect of solids removal on water
quality, growth and survival of Litopenaeus vannamei in a
biofloc technology culture system. Int.J. Recirc. Aquacult.12:
54-73. https://doi.org/10.21061/ijra.v12i1.1354

*Gatesoupe FJ (1999). The use of probiotics in aquaculture.
Aquacult. 180: 147-165. https://doi.org/10.1016/50044-
8486(99)00187-8

*Gibson GR, Roberfroid MB (1995). Dietary modulation of
the human colonic microbiota: Introducing the concept of
prebiotics. J. Nutr. 125: 1401-1412. https://doi.org/10.1093/
i0/125.6.1401

*Godfray HCJ, Beddington JR, Crute IR, Haddad L, Lawrence
D, Muir J F, Pretty J, Robinson Sh, Thomas S M, Toulmi
C (2010). Food security: the challenge of feeding 9 billion
people. Sci. 327(5967): 812-818. https://doi.org/10.1126/
science.1185383

*Gomez-Gil B, Roque A, Tumbull, JF (2000). The use and
selection of probiotic bacteria for use in the culture of larval
aquatic organisms. Aquacult. 191: 259-270. https://doi.
org/10.1016/50044-8486(00)00431-2

*Green DH, Wakeley PR, Page A, Barnes A, Baccigalupi L, Ricca
E, Cutting SM (1999). Characterization of two Bacillus
probiotics. App. Environ. Microbiol. 65: 4288-4291. https://
doi.org/10.1128/AEM.65.9.4288-4291.1999

*Hai VN, Fotedar R (2009). Comparison of the effects of
the prebiotics (Bio-Mos® and B-1, 3-D-glucan) and the
customised probiotics (Pseudomonas synxantha and P
aeruginosa) on the culture of juvenile western king prawns
(Penaeus latisulcatus Kishinouye, 1896). Aquacult. 289: 310-
316. https://doi.org/10.1016/j.aquaculture.2009.02.001

*Hari B, Kurup BM, Varghese JT, Schrama JW, Verdegem MC]J

March 2020 | Volume 8 | Issue 3 | Page 273

=SS


https://doi.org/10.1016/j.fsi.2006.11.010
https://doi.org/10.1016/j.fsi.2006.11.010
https://doi.org/10.4049/jimmunol.168.1.171
https://doi.org/10.4049/jimmunol.168.1.171
https://doi.org/10.1016/j.aquaeng.2004.09.005
https://doi.org/10.1016/j.aquaeng.2004.09.005
https://doi.org/10.1111/j.1365-2095.2009.00716.x
https://doi.org/10.1111/j.1365-2095.2009.00716.x
https://doi.org/10.1111/j.1365-2109.2009.02353.x
https://doi.org/10.1111/j.1365-2109.2009.02353.x
https://doi.org/10.1016/j.aquaculture.2010.03.018
https://doi.org/10.1111/j.1365-2109.2010.02513.x
https://doi.org/10.1111/j.1365-2109.2010.02513.x
https://doi.org/10.1016/j.aquaculture.2006.03.019
https://doi.org/10.17660/ActaHortic.1999.491.47
https://doi.org/10.17660/ActaHortic.1999.491.47
https://doi.org/10.1007/s10499-010-9408-6
https://doi.org/10.1007/s10499-010-9408-6
https://doi.org/10.1111/j.1365-2109.2011.02848.x
https://doi.org/10.1111/j.1365-2109.2011.02848.x
https://doi.org/10.5772/53902
https://doi.org/10.1111/j.1365-2109.2009.02367.x
https://doi.org/10.1111/j.1365-2109.2009.02367.x
https://doi.org/10.1111/j.1365-2672.2010.04713.x
https://doi.org/10.1111/j.1365-2672.2010.04713.x
https://doi.org/10.1016/j.aquaculture.2012.02.022
https://doi.org/10.21061/ijra.v12i1.1354
https://doi.org/10.1016/S0044-8486(99)00187-8
https://doi.org/10.1016/S0044-8486(99)00187-8
https://doi.org/10.1093/jn/125.6.1401
https://doi.org/10.1093/jn/125.6.1401
https://doi.org/10.1126/science.1185383
https://doi.org/10.1126/science.1185383
https://doi.org/10.1016/S0044-8486(00)00431-2
https://doi.org/10.1016/S0044-8486(00)00431-2
https://doi.org/10.1128/AEM.65.9.4288-4291.1999
https://doi.org/10.1128/AEM.65.9.4288-4291.1999
https://doi.org/10.1016/j.aquaculture.2009.02.001

OPENaACCESS

Advances in Animal and Veterinary Sciences

(2004). Effects of carbohydrate addition on production in
extensive shrimp culture systems. Aquacul. 241: 179-194.
https://doi.org/10.1016/j.aquaculture.2004.07.002

*Haslun J, Correia E, Strychar K, Morris T, Samocha T (2012).
Characterization of bioflocs in a no water exchange super-
intensive system for the production of food size pacific white
shrimp Litopenaeus vannamei. Int. ]. Aquacult. https://doi.
org/10.5376/ija.2012.02.0006

*He S, Liu W, Zhou Z, Mao W, Ren P, Marubashi T, Ringe
E (2011). Evaluation of probiotic strain Bacillus subtilis
C-3102 as a feed supplement for koi carp (Cyprinus carpio).
J. Aquacult. Res. Dev. s1: 1-7. https://doi.org/10.4172/2155-
9546.51-005

*Herndndez-Lépez ], Gollas-Galvan T, Vargas-Albores F (1996).
Activation of the prophenoloxidase system of the brown
shrimp (Penaeus californiensis Holmes). Comp. Biochem.
Phys. C. 113: 61-66. https://doi.org/10.1016/0742-
8413(95)02033-0

*Holmblad T, Séderhill K (1999). Cell adhesion molecules
and antioxidative enzymes in a crustacean, possible role in
immunity. Aquacult. 172: 111-123. https://doi.org/10.1016/
S0044-8486(98)00446-3

*Hsiesh SH, Ruan YH, Li YC, Hsieh PS, Hu CH, Kuo CM
(2008). Immune and physiological responses in Pacific
white shrimp (Penaeus vannamei) to Vibrio alginolyticus.
Aquacult.  275:  335-341.  https://doi.org/10.1016/].
aquaculture.2007.12.019

sIrene S, Alberto C, AL ngeles ME, Jose M (2005). Dietary
administration of Lactobacillus delbreckii and Bacillus subtilis,
used alone or combined, on gilthead seabream cellular innate
immune responses. Fish Shellfish Immunol.19: 67-77.
https://doi.org/10.1016/j.£s1.2004.11.007

*Jain PC, Singh P (2000). Moisture determination of jiggery
in microwave oven. Sugar Tech. 2: 51-52. https://doi.
org/10.1007/BF02945760

*Jian J, Wu Z (2003). Effects of traditional Chinese medicine on
nonspecific immunity and disease resistance of large yellow
croaker, Pseudosciacna crocea (Richardson). Aquacult. 218:
1-9. https://doi.org/10.1016/50044-8486(02)00192-8

+Jian J, Wu Z (2004). Influences of traditional Chinese medicine
on non-specific immunity of Jian carp (Cyprinus carpio var.
Jian). Fish Shellfish Immunol. 16: 185-191. https://doi.
0rg/10.1016/51050-4648(03)00062-7

*Johansson M W, Soderhall K (1989). Cellular immunity in
crustacean and the proPO system. Parasitol. Today. 5: 171-
176. https://doi.org/10.1016/0169-4758(89)90139-7

*Ju ZY, Forster I, Conquest L, Dominy W (2008). Enhanced
growth effects on shrimp (Litopenaeus vannamei) from
inclusion of whole shrimp floc or floc fractions to a
formulated diet. Aquacult. Nut. 14: 533-543. https://doi.
org/10.1111/§.1365-2095.2007.00559.x

*Kato I, Tanaka K, Yokokura T (1999). Lactic acid bacterium
potently induces the production of interleukin-12 and
interferon-y by mouse spleenocytes. Int.J. Immunopharm.21:
121-131. https://doi.org/10.1016/50192-0561(98)00072-1

*Khanjani MH, Sajjadi MM, Alizadeh M, Sourinejad M (2016).
Study on nursery growth performance of Pacific white
shrimp (Litopenaeus vannamei Boone, 1931) under different
feeding levels in zero water exchange system. Iran. J. Fish.
Sci. 15(4): 1465-1484.

*Kim SK, Pang Z, Seo HC, Cho YR, Samocha T, Jang IK (2014).
Effect of bioflocs on growth and immune activity of Pacific
white shrimp, Litopenaeus vannamei postlarvae. Aquacult.

Res. 45: 362-371. https://doi.org/10.1111/are. 12319

*Kohen R, Nyska A (2002). Oxidation of biological systems:
oxidative stress phenomena, antioxidants, redox reactions,
and methods for their quantification. Toxic. Path. 30: 620-
650. https://doi.org/10.1080/01926230290166724

*Koppenol WH, Moreno JJ, Pryor WA, Ischiropoulos H,
Beckman JS (1992). Peroxynitrite, a clocked oxidant formed
by nitric oxide and superoxide. Chem. Res. Toxic. 5: 834-
842. https://doi.org/10.1021/tx00030a017

* Krummenauer D, Samocha T, Poersch L, Lara G, Wasielesky
W Jr (2014). The reuse of water on the culture of pacific
white shrimp, Litopenaeus vannamei, in BFT system. J.
World Aquacul. Soc. 45(1): 3-14. https://doi.org/10.1111/
jwas.12093

*Kuhn DD, Boardman GD, Craig SR, Flick GJ, McLean
E (2008). Use of microbial flocs generated from tilapia
effluent as a nutritional supplement for shrimp Litopenacus
vannamei in recirculating aquaculture systems. J. World
Aquacult. Soc. 39: 72-82. https://doi.org/10.1111/1.1749-
7345.2007.00145 x

*Kuhn DD, Lawrence AL, Boardman GD, Patnaik S, Lori
Marsh L, Flick G (2010). Evaluation of two types of
bioflocs derived from biological treatment of fish effluent
as feed ingredients for Pacific white shrimp, Litopenacus
vannamei. Aquacult. 303: 28-33. https://doi.org/10.1016/j.
aquaculture.2010.03.001

*Lazado CC, Caipang CM, Gallage S, Brinchmann MF, Kiron
V (2010). Expression profiles of genes associated with
immune response and oxidative stress in Atlantic cod,
Gadus morhua head kidney leukocytes modulated by live
and heat-inactivated intestinal bacteria. Comp. Biochem.
Physiol. Biochem. Mol. Biol. 155: 249-255. https://doi.
01g/10.1016/j.cbpb.2009.11.006

*Leano EM, Lavilla-Pitogo CR, Paner MG (1998). Bacterial
flora in the hepatopanreas of pond-reared Penacus mondon
juvenils with Luminous wvibriosis. Aquacul. 164: 367-374.
https://doi.org/10.1016/50044-8486(98)00201-4

*Lemaire P, Livingstone DR (1993). Pro-oxidant/antioxidant
processes and organic xenobiotics interactions in marine
organisms, in particular the flounder Platichthys flesus and
mussels Mytilus edulis. Trends Comp. Biochem. Physiol. 1:
1119-1150.

*Lesmanawati W (2013). Applications of synbiotic on
shrimp  Litopenaeus vannamei: against
infectious virus myonecrosis and growth performance.
Master thesis, Bogor Agric. Univ. Indonesia.

*Li JH, Shao JZ, Xiang LX, Wen Y (2007). Cloning,
characterization and expression analysis of puffer fish
interleukin-4 ¢DNA: The first evidence of Th2-type
cytokine in fish. Mol. Immunol. 44: 2078-2086. https://doi.
0rg/10.1016/j.molimm.2006.09.010

*Li E, Chen L, Zeng C, Yu N, Xiong Z, Chen X, Qin JG (2008).
Comparison of digestive and antioxidant enzymes activities,
haemolymph oxyhemocyanin contents and hepatopancreas
histology of white shrimp, Litopenaeus vannamei, at various
salinities. Aquacult. 274: 80-86. https://doi.org/10.1016/j.
aquaculture.2007.11.001

*Lin YC, Chen JC, Morni WZW, Putra DF, Huang CL (2013).
Vaccination Enhances Early Immune Responses in White
Shrimp Litopenaeus vannamei after Secondary Exposure to
Vibrio alginolyticus. PLoS ONE. 8 (7): 69722.

*Lin YC, Chen JC, Morni WZW, Putra DF, Huang CL (2013).

Vaccination Enhances Early Immune Responses in White

Resistance

March 2020 | Volume 8 | Issue 3 | Page 274

=SS


https://doi.org/10.1016/j.aquaculture.2004.07.002
 https://doi.org/10.5376/ija.2012.02.0006 
 https://doi.org/10.5376/ija.2012.02.0006 
https://doi.org/10.4172/2155-9546.S1-005
https://doi.org/10.4172/2155-9546.S1-005
https://doi.org/10.1016/0742-8413(95)02033-0
https://doi.org/10.1016/0742-8413(95)02033-0
https://doi.org/10.1016/S0044-8486(98)00446-3
https://doi.org/10.1016/S0044-8486(98)00446-3
https://doi.org/10.1016/j.aquaculture.2007.12.019
https://doi.org/10.1016/j.aquaculture.2007.12.019
https://doi.org/10.1016/j.fsi.2004.11.007
https://doi.org/10.1007/BF02945760
https://doi.org/10.1007/BF02945760
https://doi.org/10.1016/S0044-8486(02)00192-8
https://doi.org/10.1016/S1050-4648(03)00062-7
https://doi.org/10.1016/S1050-4648(03)00062-7
https://doi.org/10.1016/0169-4758(89)90139-7
https://doi.org/10.1111/j.1365-2095.2007.00559.x
https://doi.org/10.1111/j.1365-2095.2007.00559.x
https://doi.org/10.1016/S0192-0561(98)00072-1
https://doi.org/10.1111/are.12319
https://doi.org/10.1080/01926230290166724
https://doi.org/10.1021/tx00030a017
https://doi.org/10.1111/jwas.12093
https://doi.org/10.1111/jwas.12093
11/j.1749-7345.2007.00145.x
11/j.1749-7345.2007.00145.x
https://doi.org/10.1016/j.aquaculture.2010.03.001
https://doi.org/10.1016/j.aquaculture.2010.03.001
https://doi.org/10.1016/j.cbpb.2009.11.006
https://doi.org/10.1016/j.cbpb.2009.11.006
https://doi.org/10.1016/S0044-8486(98)00201-4
https://doi.org/10.1016/j.molimm.2006.09.010
https://doi.org/10.1016/j.molimm.2006.09.010
https://doi.org/10.1016/j.aquaculture.2007.11.001
https://doi.org/10.1016/j.aquaculture.2007.11.001

OPEN@ACCESS

Advances in Animal and Veterinary Sciences

Shrimp Litopenaeus vannamei after Secondary Exposure
to Vibrio alginolyticus. PLoS One. 8(7): 69722. https://doi.
org/10.1371/journal.pone.0069722

*Livak KJ, Schmittgen TD (2001). Analysis of relative gene
expression data using real-time quantitative PCR and
the 2-AACT method. Methods. 25: 402-408. https://doi.
org/10.1006/meth.2001.1262

* Livingstone DR, Lips F, Garcia Martinez P, Pipie RK (1992).
Antioxidant enzymes in digestive gland of the common
mussel, Mytilus edulis L. Mar. Biol. 112: 265-276. https://
doi.org/10.1007/BF00702471

*Logan AJ, Lawrence A, Dominy W, Tacon AGJ (2010). Single-
cell proteins from food byproducts provide protein in aqua
feed. Glob. Advocate. 13: 56-57.

*Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951).
Protein measurement with the Folin phenol reagent. J. Biol.
Chem. 193: 265-275.

* Lykkesfeldt ] (2007). Malondialdehyde as biomarker of oxidative
damage to lipids caused by smoking. Clin. Chem. Acta. 380:
50-58. https://doi.org/10.1016/j.cca.2007.01.028

* Magnadéttir B (2006). Innate immunity of fish (overview). Fish
Shellfish Immunol. 20: 51-137. https://doi.org/10.1016/j.
£51.2004.09.006

*Maica PF, Borba MR, Wasielesky W (2012). Effect of low
salinity on microbial floc composition and performance
of Litopenaeus vannamei (Boone) juveniles reared in a
zero-water-exchange super-intensive system. Aquacult.
Res.  43: 361-370.  https://doi.org/10.1111/j.1365-
2109.2011.02838.x

*Mariel G, Fabiano T, Jenny R (2004). Selection of probiotic
bacteria and study of their immunostimulatory effect
in Penaeus vannamei. Aquacult. 233: 1-14. https://doi.
org/10.1016/j.aquaculture.2003.09.013

*Martinez-Cérdova LR, Emerenciano M, Miranda-Baeza A,
Martinez-Porchas M (2014). Microbial-based systems for
aquaculture of fish and shrimp: an updated Rev. Aquacult. 7:
131-148. https://doi.org/10.1111/raq.12058

*Mathew C (1996). Probiotic P. acidilactici application in
shrimp Litopenaeus stylirostris culture subject to vibriosis
in New Caledonia. Aquacult. 275: 182-193. https://doi.
org/10.1016/j.aquaculture.2008.01.011

*Mazorra C, Bruce M, Bell JG, Davie A, Alorend E, Jordan
N, Bromage N (2003). Dietary lipid enhancement of
broodstock reproductive performance and egg and larval
quality in Atlantic halibut (Hippoglossus hippoglossus).
Aquacult. 227(1): 21-33. https://doi.org/10.1016/50044-
8486(03)00493-9

*Megahed ME (2010). The effect of microbial biofloc on water
quality, survival and growth of the green tiger shrimp
(Penaeus semisulcatus) fed with different crude protein levels.
J. Arab. Aquacult. Soc. 5(2): 119-142.

*Mehrabi Z, Firouzbakhsh F, Jafarpour A (2012). Effects of
dietary supplementation of synbiotic on growth performance,
serum biochemical parameters and carcass composition in
rainbow trout (Oncorhynchus mykiss) fingerlings. J. Anim.
Physiol. Anim. Nut. 96: 474-481. https://doi.org/10.1111/
j.1439-0396.2011.01167 x

*Merrifield DL, Dimitroglou A, Bradley G, Baker RTM,
Davies SJ (2010). Probiotic applications for rainbow trout
(Oncorhynchus mykiss Walbaum) 1. Effects on growth
performance, feed utilization, intestinal microbiota and
related health criteria. Aquacult. Nut. 16: 504-510. https://
doi.org/10.1111/1.1365-2095.2009.00689.x

*Mishra JK, Samocha TM, Patnaik S, Speed M, Gandy RL, Ali
A (2008). Performance of an intensive nursery system for the
Pacific white shrimp, Litopenaeus vannamei, under limited
discharge condition. Aquacult. Eng. 38: 2-15. https://doi.
org/10.1016/j.aquaeng.2007.10.003

*Murthy HS, Naik ATR (2002). Growth performance of
Cirrbinus mrigala in relation to a natural probiotic feed
supplement, Biovet-YC. Fishing Chimes. 22: 54-56.

*Nayak SK, Swain P, Mukherjee SC (2007). Effect of dietary
supplementation of probiotic and vitamin C on the
immune response of Indian major carp, Labeo robita. Fish
Shellfish Immunol. 23: 892-896. https://doi.org/10.1016/j.
£51.2007.02.008

*Nayak SK (2010). Role of gastrointestinal microbiota in fish.
Aquacult. Res. 41: 1553-1573. https://doi.org/10.1111/
j-1365-2109.2010.02546.x

*Naylor RL, Goldburg RJ, Primavera JH, Kautsky N, Beveridge
MCM, Clay J, Folke C, Lubchenco J, Mooney H, Troell M
(2000). Effect of Aquaculture on world fish supplies. Nature.
405:1017-1024. https://doi.org/10.1038/35016500

* Nekoubin H, Gharedashi E, Imanpour MR, Asgharimoghadam
A (2012). The influence of synbiotic (Biomin Imbo) on
growth factors and survival rate of Zebrafish (Danio rerio)
larvae via supplementation with biomar. Glob. Vet. 8(5):
503-506.

*Newaj-Fyzul A, Austin B (2015). Probiotics, immunostimulants,
plant products and oral vaccines, and their role as feed
supplements in the control of bacterial fish diseases. J. Fish
Dis. 38: 937-955. https://doi.org/10.1111/j£d. 12313

*Newman N (2015). EMS (AHPNS or AHPND) Update
August 2015. Research gate. Aquaintech. Inc. (August).

*Nogueira CW, Quinhones EB, Jung EAC, Zeni G, Rocha
JBT (2003). Anti-infammatory and antinociceptive activity
of biphenyl diselenide. Inflam. Res. 52: 56-63. https://doi.
org/10.1007/s000110300001

*NRC (National Research Council) (2011). Nutrient
requirement of fish and shrimp. The National Academy
Press, Washington, D.C. US.

*Olvera-Novoa MA, Dominguez-Cen LJ, Olivera-Castillo
L, Martinez-Palacios CA (1998). Effect of the use of the
microalga Spirulina maxima as fish meal replacement in diets
for tilapia, Oreochromis mossambicus (Peters), fry. Aquacult.
Res. 29(10): 709-715. https://doi.org/10.1046/j.1365-
2109.1998.29100709.x

*Ortuno ], Cuesta A, Rodriguez A, Esteban MA, Meseguer ]
(2002). Oral administration of yeast, Saccharomyces cerevisiae,
enhances the cellular innate immune response of gilthead
seabream (Sparus aurata L.). Vet. Immunol. Immunopath.
85: 41-50. https://doi.org/10.1016/50165-2427(01)00406-
8

*Paez—Osuna F (2001). The environmental impact of shrimp
aquaculture: a global perspective. Environ. Poll. 112: 229-
231. https://doi.org/10.1016/50269-7491(00)00111-1

*Paglia DE, Valentine WN (1967). Studies on the quantitative
and qualitative characterization of erythrocyte glutathione
peroxidase. Transl. Res. 70: 158-169.

* Peixoto S, Cavalli RO, Wasielesky W, D’Incao F, Krummenauer
D, Milach AM (2006). Effects of age and size on reproductive
performance of captive Farfantepenacus paulensis broodstock.
Aquacult. 238(1): 173-182. https://doi.org/10.1016/j.
aquaculture.2004.04.024

*Peraza-Gomez V, Luna-Gonzalez A, Gonzalez-Prieto JM,
Fierro-Coronado JA, Gonzalez-Ocampo HA (2014).

March 2020 | Volume 8 | Issue 3 | Page 275

=SS


https://doi.org/10.1371/journal.pone.0069722
https://doi.org/10.1371/journal.pone.0069722
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1007/BF00702471
https://doi.org/10.1007/BF00702471
https://doi.org/10.1016/j.cca.2007.01.028
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.1111/j.1365-2109.2011.02838.x
https://doi.org/10.1111/j.1365-2109.2011.02838.x
https://doi.org/10.1016/j.aquaculture.2003.09.013
https://doi.org/10.1016/j.aquaculture.2003.09.013
https://doi.org/10.1111/raq.12058
https://doi.org/10.1016/j.aquaculture.2008.01.011
https://doi.org/10.1016/j.aquaculture.2008.01.011
https://doi.org/10.1016/S0044-8486(03)00493-9
https://doi.org/10.1016/S0044-8486(03)00493-9
https://doi.org/10.1111/j.1439-0396.2011.01167.x
https://doi.org/10.1111/j.1439-0396.2011.01167.x
https://doi.org/10.1111/j.1365-2095.2009.00689.x
https://doi.org/10.1111/j.1365-2095.2009.00689.x
https://doi.org/10.1016/j.aquaeng.2007.10.003
https://doi.org/10.1016/j.aquaeng.2007.10.003
https://doi.org/10.1016/j.fsi.2007.02.008
https://doi.org/10.1016/j.fsi.2007.02.008
https://doi.org/10.1111/j.1365-2109.2010.02546.x
https://doi.org/10.1111/j.1365-2109.2010.02546.x
https://doi.org/10.1038/35016500
https://doi.org/10.1111/jfd.12313
https://doi.org/10.1007/s000110300001
https://doi.org/10.1007/s000110300001
https://doi.org/10.1046/j.1365-2109.1998.29100709.x
https://doi.org/10.1046/j.1365-2109.1998.29100709.x
https://doi.org/10.1016/S0165-2427(01)00406-8
https://doi.org/10.1016/S0165-2427(01)00406-8
https://doi.org/10.1016/S0269-7491(00)00111-1
https://doi.org/10.1016/j.aquaculture.2004.04.024
https://doi.org/10.1016/j.aquaculture.2004.04.024

OPENaACCESS

Advances in Animal and Veterinary Sciences

Protective effect of microbial immune-stimulants and
antiviral plants against WSSV in Litopenaeus vannamei
cultured under laboratory conditions. Aquacult. 420-421:
160-164. https://doi.org/10.1016/j.aquaculture.2013.10.044

*Perdigon G, Galdeano CM, Valdez JC, Medici M (2002).
Interaction of lactic acid bacteria with the gut immune
system. Eur. J. Clin. Nut. 56: $§21-526. https://doi.
org/10.1038/sj.ejcn. 1601658

*Perez-Sanchez T, Balcazar JL, Merrifield DL, Carnevali O,
Gioacchini G, De Blas I, Ruiz-Zarzuela I (2011). Expression
of immune-related genes in rainbow trout (Oncorhynchus
mykiss) induced by probiotic bacteria during Lactococcus
garvieae infection. Fish Shellfish Immunol. 31: 196-201.
https://doi.org/10.1016/j.51.2011.05.005

* Pouomonge V, Mbonglang M (1993). Effect of feeding rate on
the growth of tilapia (O. niloticus) in earthen ponds. Isr. J.
Aquact. 45: 147-153.

*Rahmat A, Fadzelly Abu Bakar M, Hambali Z (2006). The
effects of guava (psidium guajava) consumption on total
antioxidant and lipid profile in normal male youth. Afr. J.
Food Agric. Nut. Dev. 6: 1-12. https://doi.org/10.4314/
ajfand.v6i2.71751

*Ray AJ, Lewis BL, Browdy CL, Leffler JW (2010). Suspended
solids removal to improve shrimp (Lifopenaeus vannamei)
productionand an evaluation of a plantbased feed in minimal-
exchange, super-intensive culture systems. Aquacult. 299:
89-98. https://doi.org/10.1016/j.aquaculture.2009.11.021

*Rengpipat S, Rukpratanporn S, Piyatiratitivorakul S, Menasaveta
P (2000). Immunity enhancement in black tiger shrimp
Penaeus mondon bya probiotic bacterium Bacillus S11.
Aquacult. 191: 271-288. https://doi.org/10.1016/50044-
8486(00)00440-3

*Ringe E, Olsen RE, Jensen I, Romero J, Lauzon HL (2014).
Application of vaccines and dietary supplements in
aquaculture: possibilities and challenges. Rev. Fish Biol. 24:
1005-1032. https://doi.org/10.1007/s11160-014-9361-y

*Ringe E, Olsen Re, Dalmo RA, Amlund H, Hemre GI (2010).
Prebiotics in aquaculture: a review. Aquacult. Nut. 16: 117-
136. https://doi.org/10.1111/1.1365-2095.2009.00731 .x

*Rodriguez-Estrada U, Satoh S, Haga Y, Fushimi H, Sweetman
J (2009). Effects of single and combined supplementation
of Enterococcus faecalis, mannan oligosaccharides and
polyhydroxybutyrate acid on growth performance and
immune response of rainbow trout, Oncorhynchus mykiss.
Aquacult. Sci. 57: 609-617.

*Rollo A, Sulpizio R, Nardi M, Silvi S, Orpianesi C, Caggiano
M, Cresci A, Carnevali O (2006). Live microbial feed
supplement in aquaculture for improvement of stress
tolerance. Fish Physiol. Biochem. 32: 167-177. https://doi.
0rg/10.1007/510695-006-0009-2

*Salze G, McLean E, Schwarz MH, Craig SR (2008). Dietary
mannan oligosaccharide enhances salinity tolerance and
gut development of larval cobia. Aquacult. 274: 148-152.
https://doi.org/10.1016/j.aquaculture.2007.11.008

*Shyne Anand PS, Kohli MPS, Kumar S, Sundaray JK, Roy
SD, Venkateshwarlu G, Pailan GH (2014). Effect of
dietary supplementation of biofloc on growth performance
and digestive enzyme activities in Penaeus monodon.
Aquacult.  418:  108-115.  https://doi.org/10.1016/].
aquaculture.2013.09.051

*Siwicki A, Studicka M (1987). The phagocytic ability of
neutrophils and serum lysozyme activity in experimentally

infected carp, Cyprinus carpio L. J. Fish Biol. 31: 57-60.

https://doi.org/10.1111/7.1095-8649.1987.tb05293 x

*Soderhill K, Cerenius L (1998). Role of the prophenoloxidase-
activating system in invertebrate immunity. Curr. Opin.
Immunol. 10: 23-28. https://doi.org/10.1016/50952-
7915(98)80026-5

*Soleimani N, Hoseinifar SH, Merrifield DL, Barati M,
Hassan Abadi Z (2012). Dietary supplementation of
fructo-oligosaccharide (FOS) improves the innate immune
response, stress resistance, digestive enzyme activities and
growth performance of Caspian roach (Rutilus rutilus)
fry. Fish Shellfish Immunol. 32: 316-321. https://doi.
0rg/10.1016/;.£51.2011.11.023

*Standen BT, Rawling MD, Davies SJ, Castex M, Foey A,
Gioacchini G, Carnevali O, Merrifield DL (2013). Probiotic
Pediococcus acidilactici modulates both localized intestinal
and peripheral-immunity in tilapia (Oreochromis niloticus).
Fish Shellfish Immunol. 35: 1097-1104. https://doi.
org/10.1016/;.£51.2013.07.018

*Staykov Y, Spring P, Denev S, Sweetman ] (2007). Effect of
mannan oligosaccharide on the growth performance and
immune status of rainbow trout (Oncorbynchus mykiss). J.
Aquacult. Int. 15: 153-161. https://doi.org/10.1007/s10499-
007-9096-2z

*Surai PF (2002). Natural antioxidants in avian nutrition and
reproduction. Nottingham: Nottingham University Press.
pp- 5-9.

* Haghighi TD, Fallahi M, Tabar AY (2010). Effect of different
levels of synbiotic (Biomin Imbo) on growth, survival and
body composition of Caspian kutum (Rutilus frisii kutum)
fry. ]. fish. 15: 1-14. (In Persian).

*Talpur AD, Munir MB, Mary A, Hashim R (2014). Dietary
probiotics and prebiotics improved food acceptability, growth
performance, haematology and immunological parameters
and disease resistance against Aeromonas hydrophila in
snakehead (Channa striata) fingerlings. Aquacult. 426-427:
14-20. https://doi.org/10.1016/j.aquaculture.2014.01.013

*Tan B, Mai K, Zheng S, Zhou Q, Liu L, Yu Y (2005).
Replacement of fish meal by meat and bone meal in practical
diets for the white shrimp Litopenaeus vannamai (Boone).
Aquac. Res. 36: 439-444. https://doi.org/10.1111/1.1365-
2109.2005.01223.x

*Travelyan WE, Harrison JS (1952). Studies on yeast
metabolism. 1. Fractionation and micro-determination of
cell carbohydrates. Biochem. J. 50: 298-303. https://doi.
org/10.1042/bj0500298

*Tseng DY, Ho PL, Huang SY (2009). Enhancement of
immunity and disease resistance in the white shrimp,
Litopenaeus vannamei, by the probiotic, Bacillus subtilis
E20. Fish Shellfish Immunol. 26: 339-344. https://doi.
org/10.1016/}.£51.2008.12.003

*Villamil L, Tafalla C, Figueras A, Novoa B (2003). Evaluation
of immune-modulatory effects of lactic acid bacteria in
turbot (Scophthalmus maximus). Clin. Diagn. Lab. Immunol.
9: 1318-1323. https://doi.org/10.1128/CDLI.9.6.1318-
1323.2002

*Vinatea L, Galvez AO, Browdy CL, Stokes A, Venero J,
Haveman J, Lewis BL, Lawson A, Shuler A, Lefler JW
(2010). Photosynthesis, water respiration and growth
performance of Lifopenaeus vannamei in a super-intensive
raceway culture with zero water exchange: interaction of
water quality variables. Aquacult. Eng. 42: 17-24. https://
doi.org/10.1016/j.aquaeng.2009.09.001

*Von Der Weid T, Bulliard C, Schiffrin EJ (2001). Induction by

March 2020 | Volume 8 | Issue 3 | Page 276

=SS


https://doi.org/10.1016/j.aquaculture.2013.10.044
https://doi.org/10.1038/sj.ejcn.1601658
https://doi.org/10.1038/sj.ejcn.1601658
https://doi.org/10.1016/j.fsi.2011.05.005
https://doi.org/10.4314/ajfand.v6i2.71751
https://doi.org/10.4314/ajfand.v6i2.71751
https://doi.org/10.1016/j.aquaculture.2009.11.021
https://doi.org/10.1016/S0044-8486(00)00440-3
https://doi.org/10.1016/S0044-8486(00)00440-3
https://doi.org/10.1007/s11160-014-9361-y
https://doi.org/10.1111/j.1365-2095.2009.00731.x
https://doi.org/10.1007/s10695-006-0009-2
https://doi.org/10.1007/s10695-006-0009-2
https://doi.org/10.1016/j.aquaculture.2007.11.008
https://doi.org/10.1016/j.aquaculture.2013.09.051
https://doi.org/10.1016/j.aquaculture.2013.09.051
https://doi.org/10.1111/j.1095-8649.1987.tb05293.x
https://doi.org/10.1016/S0952-7915(98)80026-5
https://doi.org/10.1016/S0952-7915(98)80026-5
https://doi.org/10.1016/j.fsi.2011.11.023
https://doi.org/10.1016/j.fsi.2011.11.023
https://doi.org/10.1016/j.fsi.2013.07.018
https://doi.org/10.1016/j.fsi.2013.07.018
https://doi.org/10.1007/s10499-007-9096-z
https://doi.org/10.1007/s10499-007-9096-z
https://doi.org/10.1016/j.aquaculture.2014.01.013
https://doi.org/10.1111/j.1365-2109.2005.01223.x
https://doi.org/10.1111/j.1365-2109.2005.01223.x
https://doi.org/10.1042/bj0500298
https://doi.org/10.1042/bj0500298
https://doi.org/10.1016/j.fsi.2008.12.003
https://doi.org/10.1016/j.fsi.2008.12.003
https://doi.org/10.1128/CDLI.9.6.1318-1323.2002
https://doi.org/10.1128/CDLI.9.6.1318-1323.2002
https://doi.org/10.1016/j.aquaeng.2009.09.001
https://doi.org/10.1016/j.aquaeng.2009.09.001

OPENaACCESS

Advances in Animal and Veterinary Sciences

a lactic acid bacterium of a population of CD4-T cells with
low proliferative capacity that produce transforming growth
factor B and interleukin-10. Clinic. Diag. Lab. Immunol. 8:
695-701. https://doi.org/10.1128/CDLI.8.4.695-701.2001

*Wabete N, Chim L, Lemaire P, Massabuau JC (2004).
Characterization de problémes de physiologie respiratoire
et déchanges ioniques associés a4 la manipulation chez la
Crevette pénéide Litopenaeus stylirostris a 20 C. Aquacult.
122:233-241.

*Wabete N, Chim L, Pham D, Lemaire P, Massabuau JC (2006).
A soft technology to improve survival and reproductive
performance of Litopenaeus stylirostris by counter balancing
physiological ~disturbances associated with handling
stress. Aquacult. 260: 181-193. https://doi.org/10.1016/j.
aquaculture.2006.06.041

*Wang T, Secombes CJ (2013). The cytokine networks of adaptive
immunity in fish. Fish Shellfish Immunol. 35: 1703-1718.
https://doi.org/10.1016/j.£51.2013.08.030

*Wang Y, Wu ZX, Pang SF, Zhu DM, Feng X, Chen XX (2008).
Effects of fructo-oligosaccharides on non-specific immune
function in Carassius auratus. Acta Ecol. Sinica. 32(4): 487-
492. https://doi.org/10.3724/SP.].1035.2008.00488

*Wang YB (2007). Effect of probiotics on growth performance and
digestive enzyme activity of the shrimp Penaeus vannamei.
Aquacult.  269:  259-264.  https://doi.org/10.1016/).
aquaculture.2007.05.035

*Wasielesky W Jr, Atwood H, Stokes A, Browdy CL (2006).
Effect of natural production in a zero exchange suspended
microbial floc based super—intensive culture system for
white shrimp Litopenaeus vannamei. Aquacult. 258: 396-
403. https://doi.org/10.1016/j.aquaculture.2006.04.030

*XuW]J,Pan LQ (2012). Effects of bioflocs on growth performance,
digestive enzyme activity and body composition of juvenile
Litopenaeus wvannamei in zero-water exchange tanks
manipulating C/N ratio in feed. Aquacult. 356-357, 147-
152. https://doi.org/10.1016/j.aquaculture.2012.05.022

*Xu WJ, Pan LQ_(2013). Enhancement of immune response

and antioxidant status of Litopenaeus vannamei juvenile in

biofloc-based culture tanks manipulating high C/N ratio
of feed input. Aquacult. 412-413: 117-124. https://doi.
org/10.1016/j.aquaculture.2013.07.017

*Xu WJ, Pan LQ _(2014). Evaluation of dietary protein level on
selected parameters of immune and antioxidant systems,
and growth performance of juvenile Litopenaeus vannamei
reared in zero-water exchange biofloc-based culture
tanks. Aquacult. 426: 181-188. https://doi.org/10.1016/j.
aquaculture.2014.02.003

*Xu WJ, Pan LQ, Zhao DH, Huang J (2012). Preliminary
investigation into the contribution of bioflocs on protein
nutrition of Litopenaeus vannamei fed with different
dietary protein levels in zero-water exchange -culture
tanks. Aquacult. 350: 147-153. https://doi.org/10.1016/j.
aquaculture.2012.04.003

*Xu WJ, Pan LQ, Sun XH, Huang J (2013). Effects of bioflocs
on water quality, and survival, growth and digestive enzyme
activities of Litopenaeus vannamei (Boone) in zerowater
exchange culture tanks. Aquacult. Res. 44: 1093-1102.
https://doi.org/10.1111/§.1365-2109.2012.03115 x

*Ye JD, Wang K, Li FD, Sun YZ (2011). Single or combined
effects of fructo- and mannan oligosaccharide supplements
and Bacillus clausii on the growth, feed utilization, body
composition, digestive enzyme activity, innate immune
response and lipid metabolism of the Japanese flounder
Paralichthys olivaceus. Aquacul. Nutr. 17: 902-911. https://
doi.org/10.1111/5.1365-2095.2011.00863 .x

*Zhang Q, Ma HM, Mai KS, Zhang WB, Liufu ZQ, Xu
W (2010). Interaction of dietary Bacillus subtilis and
fructooligosaccharide on the growth performance, non-
specific immunity of sea cucumber, Apostichopus japonicus.
Fish Shellish Immunol. 29: 204-211. https://doi.
0rg/10.1016/j.£51.2010.03.009

*Zhao P, Huang ], Wang XH, Song XL, Yang CH, Zhang XG,
Wang GC (2012). The application of bioflocs technology
in high-intensive, zero exchange farming systems of
Marsupenaeus japonicus. Aquacult. 354: 97-106. https://doi.
org/10.1016/j.aquaculture.2012.03.034

March 2020 | Volume 8 | Issue 3 | Page 277

s


https://doi.org/10.1128/CDLI.8.4.695-701.2001
https://doi.org/10.1016/j.aquaculture.2006.06.041
https://doi.org/10.1016/j.aquaculture.2006.06.041
https://doi.org/10.1016/j.fsi.2013.08.030
https://doi.org/10.3724/SP.J.1035.2008.00488
https://doi.org/10.1016/j.aquaculture.2007.05.035
https://doi.org/10.1016/j.aquaculture.2007.05.035
https://doi.org/10.1016/j.aquaculture.2006.04.030
https://doi.org/10.1016/j.aquaculture.2012.05.022
https://doi.org/10.1016/j.aquaculture.2013.07.017
https://doi.org/10.1016/j.aquaculture.2013.07.017
https://doi.org/10.1016/j.aquaculture.2014.02.003
https://doi.org/10.1016/j.aquaculture.2014.02.003
https://doi.org/10.1016/j.aquaculture.2012.04.003
https://doi.org/10.1016/j.aquaculture.2012.04.003
https://doi.org/10.1111/j.1365-2109.2012.03115.x
https://doi.org/10.1111/j.1365-2095.2011.00863.x
https://doi.org/10.1111/j.1365-2095.2011.00863.x
https://doi.org/10.1016/j.fsi.2010.03.009
https://doi.org/10.1016/j.fsi.2010.03.009
https://doi.org/10.1016/j.aquaculture.2012.03.034
https://doi.org/10.1016/j.aquaculture.2012.03.034

