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A B S T R A C T

A 12-week feeding trial was carried out to investigate possible effects of dietary orange peels derived pectin
(OPDP) and Lactobacillus plantarum CR1T5 (LP) singularly or combined on innate immune response, disease
resistance, and growth performance of Nile tilapia fingerlings under indoor biofloc system. The fingerlings were
fed the following diets: diet 1 (0 g kg−1 OPDP and 0 CFU g−1 L. plantarum), diet 2 (10 g kg−1 OPDP), diet 3
(108 CFU g−1 L. plantarum), and diet 4 (10 g kg−1 OPDP +108 CFU g−1 L. plantarum). At the end of feeding trial,
skin mucus parameters, serum immune parameters, and growth performance were measured. Ten randomly
selected fish were used in a challenge test with Streptococcus agalactiae. The results indicated that supple-
mentations of OPDP + LP or/and significantly (P < .05) increased growth performance, skin mucus and serum
immunity responses. The highest values were revealed in fish fed both OPDP and LP vs. individual applications.
However, no significant (P > .05) differences were observed between fish fed OPDP and LP. The challenge test
revealed that the relative percent survival (RSP) in diet 2, diet 3, and diet 4 was 43.33%, 50.0%, and 70.0%,
respectively. Among the supplemented groups, fish fed 10 g kg−1 OPDP + LP showed significant (P < .05)
higher RPS and resistance to S. agalactiae than the other groups. The present results suggested that the com-
bination of OPDP and LP could be considered as potential feed-additives for aquaculture farmed fish under
indoor biofloc system.

1. Introduction

According to FAO (2016), the aquaculture industry is the fastest
food producing sector, and has significantly contributed to provide high
quality and affordable protein source worldwide (Koehn et al., 2017).
Due to its fast growth rate and good flesh quality, Nile tilapia (Or-
eochromis niloticus) is one of the most farmed fish globally, and is pro-
duced in> 100 countries (Gu et al., 2017). The global production of
tilapia are estimated to be 6.532 million metric tons in 2018 (GOVL,
2017) and is expected to reach 7.3 million metric tons by 2030 (Behera
et al., 2018).

The increase in fish demand for human consumption has pushed the
aquaculture industry toward intensified culture systems, but has in-
creased the risk of infectious diseases including streptococcosis (Chen
et al., 2012; Gallage et al., 2017). Besides, the drainage water from
aquaculture activities has been considered as major obstacle for the

development of the industry; with high content of organic matter, ni-
trogen and phosphorus, and can cause severe pollution and frequent
harmful algal blooms in aquatic ecosystems (De Schryver and
Verstraete, 2009; Mansour and Esteban, 2017; Piedrahita, 2003).
Therefore, a sustainable treatment and culture system of tilapia aqua-
culture is of high importance to evaluate.

Prebiotic defined as a non-digestible compound that, through its
metabolization by microorganisms in the gut, modulates composition
and/or activity of the gut microbiota, thus conferring a beneficial
physiological effect on the host (Bindels et al., 2015). The beneficial
effects in fish include enhanced growth and immunological response
(e.g. Buentello et al., 2010; Li and Gatlin, 2005; Zhou et al., 2010),
increased microvilli area of intestinal absorption (e.g. Zhou et al.,
2010), and improved survival after challenges against pathogens (e.g.
Buentello et al., 2010; Li and Gatlin, 2005). Among the prebiotics used,
pectin derived from agricultural by-products, such as orange peels have
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been considered as a promising one (Ho et al., 2017). It is well known
that pectin possesses numerous biological activities as a functional food
substance with a wide range of pharmaceutical applications (Naqash
et al., 2017). Pectin and its derivative have proved to be potential
prebiotics with improved properties, by positively modulating the gut
microbiota and for causing positive effects in the distal part of the colon
(Gómez et al., 2016), compared to other prebiotics, such as fructooli-
gosaccharide or galactooligosaccharide (Gómez et al., 2013). However,
to our knowledge, there is no information available regarding appli-
cation of orange peels derived pectin in aquaculture.

Probiotics are defined as “live microorganisms which when ad-
ministered in adequate amount confer a health benefit on the host”
(FAO/WHO, 2001). The beneficial effects of probiotics, include im-
provement of growth performance, enhancement of immune response,
and increases disease resistance have been demonstrated in numerous
studies (Abarike et al., 2018; Akhter et al., 2015; Dawood et al., 2018;
Nayak, 2010; Pérez-Sánchez et al., 2018; Xia et al., 2018). Among the
probiotics, Lactobacillus plantarum has been considered as promising,
and numerous studies have reported stimulated effect by dietary in-
clusion of L. plantarum on immune response, enhanced growth perfor-
mance, and improved disease resistance in several fish species (e.g.
Feng et al., 2019; Li et al., 2018b; Van Doan et al., 2018a; Van Nguyen
et al., 2019).

Biofloc is technology has been widely applied in fish and shrimp
farming; its outstanding feature is that they contain the mixture of
bacteria, algae, and other detritus which would be available feed for the
fishes of omnivorous feeding habits (Bossier and Ekasari, 2017; Crab
et al., 2012; Daniel and Nageswari, 2017). Recently, several studies
have revealed positive effect of the biofloc technology on water quality,
growth, non-specific immunity, and disease prevention in fish (Ekasari
et al., 2016; Kamilya et al., 2017; Li et al., 2018a; Mansour and Esteban,
2017). On the other hand, prebiotics and probiotics play similar roles in
fish as biofloc (Akhter et al., 2015; Dawood and Koshio, 2016). Biofloc,
prebiotics, and probiotics have been adopted by farmers in practical
aquaculture; however, the occurrence of certain diseases is still
common and results in lower survival rate of fish and shellfish at farms
(Su et al., 2008). As diseases acquired by animals are often linked to
specific pathogenic bacteria, the action of specific antagonistic/bene-
ficial bacteria would favorably minimize the problems (Wang, 2007).
Therefore, it has been hypothesized that addition of specific prebiotic
and probiotic to the biofloc proliferate the bacterial population either in
the water or animals' gut in order to suppress the potentially harmful
pathogenic strains. Based on this hypothesis, recent studies have been
attempted in these areas, and reports seem to suggest that addition of
prebiotics and probiotics to the biofloc further improve water quality,
animal growth, immunity, and survival rate of animals than that of
biofloc (Ahmad et al., 2016; Dash et al., 2018; Doan et al., 2018;
Rodrigues et al., 2018). A study on the influences of prebiotic and
probiotic on biofloc based aquaculture system is novel and an in-
tegrative approach; however less explored. Thus, the aims of the pre-
sent investigation were to evaluate the effects of orange peels derived
pectin (OPDP) singular or combined with L. plantarum on skin mucus-
and serum immune parameters, disease resistance against Streptococcus
agalactiae and growth performance of Nile tilapia cultured under indoor
biofloc condition.

2. Materials and methods

2.1. Preparation of orange peels derived pectin (OPDP)

OPDP was obtained from a local market, Chiang Mai province,
Thailand. Upon arrival, orange peels were dried in oven at 60 °C for
48 h, then ground by using hammer mill, and filtered with the use of 40-
mesh sieve, and stored at 4 °C until further use. Pectin was isolated from
orange peels as described elsewhere (Prakash Maran et al. (2013) with
some modifications. Briefly, 1 g of orange peel powder was placed in

250mL Pyrex beaker, and thoroughly mixed with 16.9mL of distilled
water pH 1.4 (pH was adjusted by sulfuric acid). The beaker with so-
lution was put in a microwave oven with 422W of power and 169 s
irradiation time, cooled down to room temperature (25 °C), and cen-
trifuged at 4 °C for 5min (10.000 rpm) in 50mL tube. The supernatant
was collected and precipitated with an equal volume of 95% (v/v)
ethanol, and thereafter washed three times with 95% (v/v) ethanol to
remove the mono and disaccharides and dried at 50 °C in the oven until
achieving constant weighed.

2.2. Lactobacillus plantarum preparation

Lactobacillus plantarum CR1T5 derived from fermented rice was
kindly provided by Dr. Saowanit Tongpim (Department of
Microbiology, Faculty of Science, Khon Kaen University; Thailand). The
administration dose of L. plantarum (108 CFU g−1) used in the present
study was selected based on previous investigations (Son et al. (2009);
Giri et al. (2013). The L. plantarum supplemented diets were daily
prepared according to the method of Irianto and Austin (2002a).

2.3. Diets preparation

The test diets used in the present investigation was adapted from
Van Doan et al. (2018). Four experimental diets were prepared by in-
corporating OPDP and Lactobacillus plantarum CR1T5 in the basal diet
as follows: diet 1 (0 g kg−1 OPDP and 0 CFU g−1 L. plantarum), diet 2
(10 g kg−1 OPDP), diet 3 (108 CFU g−1 L. plantarum), and diet 4
(10 g kg−1 OPDP +108 CFU g−1 L. plantarum) (Table 1). For pellets
preparation, fine feedstuffs were thoroughly blended together, and
thereafter soybean oil (5 mL−1) and water (300mL kg−1 feed) were
added to produce stiff dough. It was then passed through extruder
machine to produce pellets. The pellets were dried in an oven at 50 °C
until the moisture content was approximately 10%, and thereafter
stored in plastic bags at 4 °C until further use.

Table 1
The formulation and proximate composition of experimental diet (g kg−1).

Ingredients Diets (g kg−1)

Diet 1 Diet 2 Diet 3 Diet 4

Fish meal 270 270 270 270
Corn meal 200 200 200 200
Soybean meal 270 270 270 270
Wheat flour 60 60 60 60
Rice bran 150 150 150 150
OPDPa 0 10 0 10
Lactobacillus plantarum (CFU g−1) 0 0 108 108

Cellulose 30 20 30 20
Soybean oil 5 5 5 5
Premixb 10 10 10 10
Vitamin Cc 5 5 5 5

Proximate composition of the experimental diets (g kg−1 dry matter basis)
Crude protein 319.36 320.10 319.36 320.10
Crude lipid 74.75 75.02 74.75 75.02
Fiber 52.48 52.48 52.48 52.48
Ash 106.68 105.41 106.68 105.41
Dry matter 817.80 829.10 817.80 829.10
GE (cal/g)d 4089 4091 4089 4091

a OPDP: Orange peels derived pectin.
b Vitamin and trace mineral mix supplemented as follows (IU kg−1 or g kg−1

diet): retinyl acetate 1,085,000 IU; cholecalciferol 217,000 IU; D, L-a-toco-
pherol acetate 0.5 g; thiamin nitrate 0.5 g; pyridoxine hydrochloride 0.5 g;
niacin 3 g; folic 0.05 g; cyanocobalamin 10 g; Ca pantothenate 1 g kg−1; inositol
0.5 g; zinc 1 g; copper 0.25 g; manganese 1.32 g; iodine 0.05 g; sodium 7.85 g.

c Vitamin C 98% 8 g.
d GE=gross energy.
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2.4. Fish preparation and experimental design

Nile tilapia were brought from Chiang Mai Patana Farm, Chiang
Mai, Thailand and stocked in cages (5 m in length x 5m in width x2 m
in height). The commercial pellets (CP 9950, Charoen Pokphand Group
Co., Ltd., Thailand) were fed to the fish daily. Prior to the experiments,
fish were transferred to a 1.000-L tank and fed the control diet for
2 weeks. Then, 10 fish were randomly caught and checked the health
status by gills examination and internal organs observation under light
microscope. Thereafter, 640 fish with an average weight of
5.92 ± 0.08 g were randomly distributed into 16 fiberglass tanks
(300 L) assigned to four treatments, repeated in quadruplicate. The
stocking density was 40 fish tank−1, and fish were hand-fed ad libitum
two times daily at 9:00 a.m. and 17:00 p.m.

2.5. Water quality management

The water quality parameters were checked at 08:30 a.m. and
16:30 p.m. Temperature, pH and dissolved oxygen (DO) were mon-
itored using Multiparameter Waterproof Meter (HI98196, Hana
Instruments, Romania). Total ammonia‑nitrogen (TAN) was measured
using an Ammonia Portable Photometers (HI96733, Hana Instruments,
Romania). Biofloc volume was determined using an Imhoff cone as
described elsewhere (Avnimelech and Kochba (2009).

2.6. Samples preparation and immunological analysis

2.6.1. Samples preparation
At 4, 8, and 12weeks post-feeding, four fish were randomly sam-

pled, lottery method, from each tank for immune response analysis.
Skin mucus was collected following the method (Khodadadian Zou
et al., 2016). Blood samples were collected and sera separated as de-
scribed previously (Van Doan et al., 2016b; Van Doan et al., 2016a),
and kept at -20 °C for further assays. Leukocytes from blood were se-
parated using the protocol of Van Doan et al. (2018).

2.6.2. Immunological parameters
Lysozyme activity: Lysozyme activity was detected following the

method of Parry et al. (1965) and the results are expressed as μg mL−1.
Peroxidase activity: Determination of peroxidase was carried as

previously described by (Doan et al., 2017).
Phagocytosis activity: The activity was measured based on the

method of Yoshida and Kitao (1991) with some modifications as de-
scribed by Van Doan et al. (2017).

Respiratory burst activity: The activity was identified following the
protocol of Secombes (1990) with some modifications as described
previously (Van Doan et al., 2017).

Alternative complement pathway activity: The alternative complement
activity was determined following the protocol of Yanno (1992).

2.7. Growth performance

Weight gain (WG), specific growth rate (SGR), feed conversion ratio
(FCR), and survival rate (SR) were calculated after 8 weeks feeding on
experimental diets using the formulae: WG= final weight (g) – initial
weight (g); SGR (%)=100× (ln final weight – ln initial weight)/
Duration of experiment; FCR= feed offered (dried weight)/weight gain
(wet weight); SR (%)= (final fish number/initial fish number)× 100.

2.8. Challenge test

The source of S. agalactiae and bacterial preparation are described
by Van Doan et al. (2018b). At the end of feeding trial (12th week), 10
fish were randomly selected from each tank and intraperitoneally in-
jected with 0.1mL of 0.85% normal saline solution containing
107 CFUmL−1 of S. agalactiae. The dose of bacteria(107 CFUmL−1)
used in present study was selected based on previous study (Wang et al.,
2016) During the challenge test, the dead fish from each tank were
counted and removed immediately. The mortality (%) of fish in each
treatment was calculated 15 days post-challenge, and relative percen-
tage of survival (RPS) was computed based on equation by Amend
(1981):

RPS= 100 ‐ (test mortality/control mortality) ∗ 100.

2.9. Statistical analysis

The obtained data were analyzed using a SAS Computer Program
(SAS, 2003) for least significant differences among the treatments
where the Duncan's Multiple Range Test was used. Mean values were
considered significantly different at P < .05. Data are presented as
means± standard deviation.

3. Results

3.1. Water quality parameters

No significant (P > .05) differences in water quality parameters
among experimental treatments were revealed. Temperature was
maintained at 29 ± 0.51 °C, and dissolve oxygen was kept above
6.5 ± 0.14mg L−1. pH varied from 7.85 ± 0.19, and total ammonia
was in range of 0.79 ± 0.11mg L−1. The biofloc volume was
8.20 ± 0.48mL.

3.2. Innate immune response

After 12 weeks of feeding, supplementations of OPDP +
Lactobacillus plantarum CR1T5 or/and resulted in a significant
(P < .05) increase in skin mucus lysozyme activity (SMLA) and skin
mucus peroxidase activity (SMPA) compared to the control group
(Table 2). The highest values of these parameters were recorded for fish
fed both OPDP + L. plantarum supplementations. Nonetheless, no

Table 2
Skin mucus lysozyme and peroxidase activities of O. niloticus after 12 weeks feeding with experimental diets (mean ± S.E., n=4): diet 1 (0 g kg−1 OPDP and
0 CFU g−1 L. plantarum), diet 2 (10 g kg−1 OPDP), diet 3 (108 CFU g−1 L. plantarum), and diet 4 (10 g kg−1 OPDP +108 CFU g−1 L. plantarum). Different letter in a
row denotes significant difference (P < .05).

Diet 1 Diet 2 Diet 3 Diet 4

4weeks SMLA 0.59 ± 0.05c 1.07 ± 0.10b 1.22 ± 0.07ab 1.40 ± 0.05a

SMPA 0.05 ± 0.006c 0.08 ± 0.005b 0.09 ± 0.007b 0.12 ± 0.005a

8weeks SMLA 1.25 ± 0.08c 2.00 ± 0.13b 2.23 ± 0.15b 2.60 ± 0.05a

SMPA 0.09 ± 0.005c 0.12 ± 0.005b 0.13 ± 0.008b 0.17 ± 0.008a

12 weeks SMLA 1.86 ± 0.08c 2.52 ± 0.18b 2.63 ± 0.16b 3.36 ± 0.16a

SMPA 1.15 ± 0.01c 0.20 ± 0.009b 0.23 ± 0.02b 0.33 ± 0.02a

SMLA (μgmL−1)= Skin mucus lysozyme activity.
SMPA (μgmL−1)= Skin mucus peroxidase activity.
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significant (P > .05) difference was revealed between diet 2 and diet 3
supplemented groups (Table 2).

Serum lysozyme (SL) activity was significantly (P < .05) higher in
supplemented groups vs. control fed fish (Table 3). The highest value
was recorded in fish fed both OPDP and L. plantarum compared to the
individual applications. No significant (P > .05) difference was ob-
served between fish fed OPDP and L. plantarum singularly (Table 3).
Similarly, alternative complement (ACH50) activity and phagocytosis
(PI) activity were significant higher (P < .05) in the supplemented
groups, when compared to control fed fish (Table 3). The highest values
were displayed in fish fed dietary both OPDP + L. plantarum compared
to individual applications (Table 3). No significant (P > .05) differ-
ences in these parameters were observed in fish fed OPDP or L. plan-
tarum alone (Table 3). With regard to serum peroxidase (SP) activity,
fish fed supplemented diets showed significant (P < .05) higher SP
when compared to the control. However, no significant (P > .05) dif-
ference was observed between diet 2 and diet 3. Likewise, significant
(P < .05) difference in respiratory burst (RB) activity was observed in
fish fed supplemented diets, when compared to the control after
12 weeks of feeding (Table 3).

3.3. Challenge test

Compared to the control treatment (25% survival), the survival rate
of fish fed the OPDP and Lactobacillus plantarum CR1T5 diets were
significantly (P < .05) higher; by 57.5% (diet 2), 62.25% (diet 3), and
77.5% (diet 4) (Fig. 1). Typical symptoms of Streptococcus infection
included darkness skin, exophthalmia, pair-fins basal haemorrhage, and
pale liver. The relative percent survival (RSP) was 43.33%, 50%, and
70% in diet 2, diet 3, and diet 4, respectively. Among the supplemented
groups, the combination of 10 g kg−1 OPDP and 108 CFU g−1 L. plan-
tarum showed significantly (P < .05) higher RPS and highest resistance
to S. agalactiae compared with the other groups.

3.4. Growth performance

After 4, 8, and 12weeks of feeding, fish fed the supplemented diets
showed a significant (P < .05) increase in specific growth rate (SGR),
weight gain (WG), final weight (FW) compared to control fed fish
(Table 4). The highest SGR and WG values were revealed in fish fed
both dietary OPDP and Lactobacillus plantarum CR1T5. However, no
significant (P > .05) differences in these parameters were observed by
feeding fish OPDP or L. plantarum alone. The FCR was significantly
(P < .05) lower in fish fed 10 g kg−1 OPDP+108 CFU g−1 L. plantarum

than in the other treatment groups, while highest (P < .05) FCR values
were noticed in the control group. In contrast, survival rate of the fish
showed no significant (P > .05) differences between the experimental
groups.

4. Discussion

Recently, two studies evaluated prebiotics and probiotics applica-
tions in fish and crustacean systems with biofloc, in order to investigate
whether they could be included separately (Kathia et al., 2017;
Rodrigues et al., 2018). However, as only one study has been performed
to identify the beneficial effects of prebiotics and probiotics on biofloc
based aquaculture (Daniel and Nageswari, 2017), the aims of the pre-
sent study were to evaluate effects of orange peels derived pectin
(OPDP) singular or combined with Lactobacillus plantarum CR1T5 on
skin mucus- and serum immune parameters, disease resistance against
S. agalactiae and growth performance of Nile tilapia cultured under
indoor biofloc condition.

The present study revealed that dietary administration of OPDP
significantly enhanced skin mucus and serum immunity, disease re-
sistance, and growth performance of Nile tilapia cultured under biofloc
system. Similarly, dietary administration of mannoprotein derived from

Table 3
Serum immunity of O. niloticus after 12 weeks of feeding with experimental diets contain different diets (mean ± S.E., n= 4): diet 1 (0 g kg−1 OPDP and
0 CFU g−1 L. plantarum), diet 2 (10 g kg−1 OPDP), diet 3 (108 CFU g−1 L. plantarum), and diet 4 (10 g kg−1 OPDP +108 CFU g−1 L. plantarum). Different letter in a
row denotes significant difference (P < .05).

Diet 1 Diet 2 Diet 3 Diet 4

4weeks SL 4.71 ± 0.30c 6.84 ± 0.41b 7.78 ± 0.40b 9.15 ± 0.20a

SP 0.09 ± 0.006c 0.15 ± 0.01b 0.17 ± 0.02b 0.23 ± 0.009a

ACH50 113.86b ± 3.98c 139.26 ± 5.03b 146.70 ± 6.49b 172.80 ± 5.17a

PI 1.11 ± 0.03c 1.23 ± 0.01b 1.26 ± 0.02b 1.44 ± 0.04a

RB 0.05 ± 0.006c 0.07 ± 0.005b 0.08 ± 0.007b 0.12 ± 0.004a

8weeks SL 7.68 ± 0.27c 10.68 ± 0.86b 11.18 ± 0.73b 14.09 ± 0.44a

SP 0.15 ± 0.009c 0.21 ± 0.006b 0.23 ± 0.02b 0.31 ± 0.006a

ACH50 136.53 ± 4.59c 173.99 ± 8.29b 185.08 ± 8.42b 216.03 ± 6.88a

PI 1.39 ± 0.04c 1.94 ± 0.10b 2.00 ± 0.07b 2.52 ± 0.09a

RB 0.10 ± 0.01c 0.14 ± 0.01b 0.16 ± 0.01b 0.20 ± 0.01a

12 weeks SL 8.92 ± 0.35c 12.34 ± 0.87b 13.09 ± 0.77b 17.62 ± 0.47a

SP 0.20 ± 0.01c 0.26 ± 0.008b 0.28 ± 0.02b 0.34 ± 0.03a

ACH50 190.11 ± 5.01c 237.91 ± 7.51b 257.94 ± 12.93b 326.94 ± 16.04a

PI 1.86 ± 0.09c 2.42 ± 0.13b 2.64 ± 0.11b 3.44 ± 0.10a

RB 0.16 ± 0.01c 0.23 ± 0.01b 0.25 ± 0.01b 0.34 ± 0.01a

SL= Serum lysozyme activity (μgmL−1); SP= Serum peroxidase activity (μgmL−1); ACH50=Alternative complement activity (units mL−1); PI= Phagocytosis
activity (bead cell−1); RB=Respiratory burst activity.
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Fig. 1. Survival rate of tilapia, O. niloticus fed with experimental diets
(mean ± S.E., n=40): diet 1 (0 g kg−1 OPDP and 0 CFU g−1 L. plantarum),
diet 2 (10 g kg−1 OPDP), diet 3 (108 CFU g−1 L. plantarum), and diet 4
(10 g kg−1 OPDP +108 CFU g−1 L. plantarum). Different letter in a row denotes
significant difference (P < .05).
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yeast cell walls of Saccharomyces cerevisiae significantly improved sur-
vival rate, width and perimeter of intestinal villi, superoxide anion
production after infection with Vibrio parahaemolyticus of Pacific white
shrimp (Litopenaeus vannamei) cultured under indoor biofloc system
(Rodrigues et al., 2018). The noticeable increase of growth perfor-
mance, immune response, and disease resistance of Nile tilapia finger-
lings revealed in the present study, may be due to the im-
munomodulatory effect of OPDP and biofloc technology. Previously, it
has been reported that pectin; a soluble dietary fiber exerts physiolo-
gical effects on the alimentary tract, by reducing glucose absorption
(Grundy et al., 2016) and delaying gastric emptying (Schwartz et al.,
1982). Pectin and its derivative have also been proposed as an excellent
candidate for new-generation of prebiotics (Ho et al., 2017; Naqash
et al., 2017). Furthermore, oral administration of pectin–derived acidic
oligosaccharides revealed modulation of the gut microbiota and fecal
short chain fatty acid (SCFA) production in mice (Bernard et al., 2015).
Moreover, the immune improving properties of lemon pectin have been
reported in an animal study, showing that supplementation prevented
the induction of oral tolerance to OVA in rats, which was preceded by
enhanced protein antigen penetration to the blood and activation of
macrophages (Khramova et al., 2009). In a previous study, a lemon
derived pectic-type polysaccharide was orally administered to mice,
causing increased secretion of GM-CSF and IL-6 from Peyer's patches,
indicating immune cell activation (Suh et al. (2013). More recently,
lemon pectin has been demonstrated as an immunostimulatory fiber
prebiotic; able to stimulate TLR and T84 intestinal epithelial cell barrier
function (Vogt et al., 2016). Regarding improved growth performance,
this may be a result of gut microbiota modulation by increasing the
population level of beneficial bacteria and subsequent improvement of
digestive function. However, this controversial hypothesis merits fur-
ther investigation. On the other hand, Ho et al. (2017) showed that the
gut microbiota are capable of fermenting pectin and revealed the po-
tential of pectin as a novel prebiotic. In addition, beneficial effects on
gut microbiota and digestive enzyme activities such amylase, lipase,
and protease (Dawood and Koshio, 2016; Eshaghzadeh et al., 2015;
Hoseinifar et al., 2016a; Kühlwein et al., 2014), liver enzyme activities
(Hoseinifar et al., 2015a; Zhang et al., 2013), as well as enhanced ap-
petite, production of vitamins, breakdown of indigestible components

as well as improving gut morphology (Hoseinifar et al., 2015b; Irianto
and Austin, 2002b) have been reported following prebiotic adminis-
tration.

The results of present study indicated that dietary administration of
Lactobacillus plantarum CR1T5 significantly increased growth perfor-
mance, mucosal and serum immunity, as well as disease resistance
against S. agalactiae of Nile tilapia. In agreement with present study,
significant increase growth performance, immune response, and disease
resistance with the addition of probiotics into biofloc system were ob-
served in common carp, Cyprinus carpio (Sartika et al., 2012); Chinese
shrimp, Fennerpenaeus chinensis (Kim et al., 2015); African catfish,
Clarias gariepinus (Hapsari, 2016); L. vannamei (Ferreira et al., 2017; Hu
et al., 2017; Krummenauer et al., 2014); freshwater prawn, Macro-
brachium rosenbergii (Miao et al., 2017), and common carp, Cyprinus
carpio (Dash et al., 2018). However, in the study of De Paiva et al.
(2016), no significant differences were revealed when a commercial
probiotic (Bacillus spp. and Lactobacillus sp.) was added in biofloc
system of shrimp. These results could be assigned to anaerobiosis and
deplections that can exist at pond bottom (De Paiva et al., 2016), and
could influence the action of probiotic. Another factor that could affect
was the commercial probiotic concentration (2.2×108 UFC g−1), vs.
recommended probiotic concentration in another study (1.0× 109 UFC
g−1) (Aguilera-Rivera et al., 2014). Considering these results, biofloc
development together with dietary addition of single or combination of
probiotics may be a favorable approach for improving the physiological
status of animal. This is probably due to the supplemented probiotics
vs. the other bacteria to minimize the pathogenic load in the fish. The
presence of bacteria in the biofloc or supplemented probiotics can ex-
hibit the mitigating effects on pathogenic bacteria in the fish. This can
ensure improvement in the non-specific immunity of the host, as it is
well-documented in numerous studies that the immune system is non-
specifically modulated by probiotics (Gatesoupe et al., 2010; Hoseinifar
et al., 2015a; Lazado and Caipang, 2014; Llewellyn et al., 2014; Nayak,
2010). Moreover, adhesion and colonization of probiotics in fish in-
testines are necessary to enhance the immune response (Ausubel,
2005). Interaction between probiotic cells and immune systems are
through microbe associated molecular patterns (MAMPs) consisting of
specific cell wall polysaccharides (CPs), peptidoglycan (PGN), lipo-
protein anchors, and lipoteichoic acids (Hosoi et al., 2003). Probiotic
cells or components of immune system can interact with MAMPs by
pattern recognition receptor (PRR) such as Toll like receptors (TLRs), C
type receptor (CLRs), and nucleotide oligomerigation domain (NOD)
like receptors (NLRs) (Bron et al., 2012; Kleerebezem et al., 2010;
Lebeer et al., 2010).

It is been demonstrated that Lactobacillus plantarum CR1T5 produce
antimicrobial substances like plantaricin that are actively manifested
against certain pathogens, such as Pseudomonas putida, Listeria mono-
cytogenes, Escherichia coli, and Staphylococcus aureus (Liu et al., 2016;
Wen et al., 2016). Furthermore, a study have indicated that cell wall
components of L. plantarum; surface-bound proteins, peptidoglycans
and lipoteichoic acid, play vital roles in the prevention and treatment of
intestinal inflammatory diseases (Baik et al., 2015). Additionally, li-
poteichoic acid isolated from L. plantarum has proved to exert anti-
pathogenic effects (Gao et al., 2016) as well as L. plantarum modify the
intestinal microbiota, and thereby providing protection against patho-
genic microorganisms (Balcázar et al., 2007).

Dietary administration of synbiotic, combination of pro – and pre-
biotics, has recently gained interest in aquaculture (Dawood and
Koshio, 2016; Hoseinifar et al., 2016b; Ringø and Song, 2016). In ac-
cordance with the present study, synergistic actions were previously
reported in European sea bass, Dicentrarchus labrax (Torrecillas et al.,
2018); blunt snout bream, Megalobrama amblycephala (Abasubong
et al., 2018); Indian major carp, Cirrhinus mrigala (Kumar et al., 2018);
red tilapia, Oreochromis niloticus (Sewaka et al., 2019); olive flounder,
Paralichthys olivacerus (Hasan et al., 2018); Japanese eel, Anguilla ja-
ponica (Lee et al., 2018); sea cucumber, Apostichopus japonicus (Li et al.,

Table 4
Growth performances and feed utilization (mean ± SE) of the Nile tilapia fed
different diets: diet 1 (0 g kg−1 OPDP and 0 CFU g−1 L. plantarum), diet 2
(10 g kg−1 OPDP), diet 3 (108 CFU g−1 L. plantarum), and diet 4 (10 g kg−1

OPDP +108 CFU g−1 L. plantarum). Different letter in a row denotes significant
difference (P < .05).

Diet 1 Diet 2 Diet 3 Diet 4

IW (g) 5.88 ± 0.54 5.95 ± 0.32 5.94 ± 0.26 5.90 ± 0.24

FW (g)
4weeks 18.57 ± 0.89b 19.59 ± 0.48ab 20.14 ± 0.56ab 21.01 ± 0.47a

8weeks 37.75 ± 1.00c 42.30 ± 1.04b 43.34 ± 0.83b 46.73 ± 0.58a

12 weeks 66.19 ± 3.21c 74.00 ± 1.93b 75.26 ± 1.69b 82.86 ± 1.69a

WG (g)
4 weeks 12.68 ± 0.62b 13.64 ± 0.32ab 14.20 ± 0.44a 15.11 ± 0.38a

8weeks 31.87 ± 0.80c 36.36 ± 0.91b 37.40 ± 0.79b 40.83 ± 0.58a

12 weeks 60.30 ± 2.97c 68.06 ± 1.80b 69.28 ± 1.63b 76.96 ± 1.71a

SGR
4weeks 3.83 ± 0.03c 3.98 ± 0.01b 4.07 ± 0.04b 4.23 ± 0.05a

8weeks 3.10 ± 0.05c 3.27 ± 0.03b 3.31 ± 0.04b 3.45 ± 0.04a

12 weeks 2.69 ± 0.02c 2.80 ± 0.02b 2.82 ± 0.02b 2.94 ± 0.03a

FCR
4weeks 1.49 ± 0.01a 1.44 ± 0.01a 1.42 ± 0.01b 1.38 ± 0.01b

8weeks 1.54 ± 0.01a 1.49 ± 0.006a 1.47 ± 0.008b 1.43 ± 0.007c

12 weeks 1.58 ± 0.006c 1.53 ± 0.007b 1.54 ± 0.005b 1.51 ± 0.005a

SR (%) 98 99 99 99

Data assigned with different letter denote significant difference in a row
(P < .05).
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2018b; Wang et al., 2017); snakehead, Channa striata (Munir et al.,
2018); rockfish, Sebastes schlegeli (Rahimnejad et al., 2018), and Asian
sea bass, Lates calcalifer (Ashouri et al., 2018). In contrast, Abid et al.
(2013) reported that P. acidilactici and scFOS supplemented diet had no
effects on Atlantic salmon (Salmo salar) growth performance. Likewise,
there were no effects of the probiotic or prebiotic supplemented diets on
growth or survival of totoaba, Totoaba macdonaldi (González-Félix
et al., 2018). The discrepancies in these findings may be as result of
differences in species, experimental design, prebiotic, and administra-
tion regime (Hoseinifar et al., 2010; Hoseinifar et al., 2013). Dietary
inclusion of pre- and probiotic has been revealed to elevate health
status, improved prebiotic digestion, or the increase in survival and
probiotic's colonization in comparison to the individual pre- or pro-
biotic application (Ai et al., 2011; Cerezuela et al., 2012; Geng et al.,
2011; Ye et al., 2011). These effects seem likely mediated by SCFAs by-
products of fermentation of the probiotic strains in the presence of
prebiotics (Hoseinifar et al., 2017; Rahimnejad et al., 2018). In addi-
tion, dietary consumption of both pro- and prebiotics resulted in the
formation of bioactive microbial metabolites, such as vitamins and
biological peptides (Stanton et al., 2005), and these may improve the
nutrient digestion and absorption in the host's intestine, and conse-
quently increase its growth and health status of fish.

Bioflocs may contribute to the supply of essential nutrients and di-
gestive enzymes either through the stimulation of endogenous pro-
duction or by microbial secretion (Anand et al., 2014; Xu and Pan,
2012), and the enhancement of nutrient bioavailability facilitates
higher nutrient assimilation. As a protein source, bioflocs could be
considered as a good protein source for shrimp and a useful protein
source for tilapia (Ekasari et al., 2014; Ekasari et al., 2015). Bioflocs
also contain various bioactive compounds including essential amino
acids, carotenoids, free amino acids and chlorophylls (Ju et al., 2008),
trace minerals (Tacon et al., 2002), and vitamin C (Crab et al., 2012)
which are known to have positive effects on aquaculture animals in-
cluding enhancement of antioxidant status, growth, reproduction, and
immune response. In addition, bioflocs offers MAMPs (microbial asso-
ciated molecular patterns), which may be recognized as im-
munostimulants, resulting in higher resistance to diseases (Ekasari
et al., 2014; Ekasari et al., 2015). Interestingly, when biofloc tech-
nology was applied in tilapia broodstock culture system, it enhanced
the immunological status contributing to the improvement of the larvae
robustness against diseases and environmental stress test (Ekasari et al.,
2016). In biofloc systems, aquaculture animals may also benefit the
pathogen pressure. Some previous studies revealed that the presence of
potentially pathogenic bacteria could be reduced in biofloc systems
(Crab et al., 2010; Zhao et al., 2012). It has been suggested that the
reduction of V. harveyi population in biofloc environment might be
related to the disruption of V. harveyi cell-to-cell communication,
known as an important factor in determining the pathogenicity of this
particular bacterium (Crab et al., 2010).

The conclusions of the present study are; dietary supplementation of
OPDP and L. plantarum boost the immune response, growth and confers
protection against Streptococcus infection in Nile tilapia fingerlings.

Acknowledgements

The authors thank the National Research Council of Thailand for
financial assistance. Thanks, are also due to Dr. Saowanit Tongpim for
her kind assistance during the present study. Finally, the authors would
like to thank for the staffs at Central and Biotechnology Laboratories,
Faculty of Agriculture, Chiang Mai University for their kind supports
during data analysis process.

References

Abarike, E.D., Cai, J., Lu, Y., Yu, H., Chen, L., Jian, J., Tang, J., Jun, L., Kuebutornye,
F.K.A., 2018. Effects of a commercial probiotic BS containing Bacillus subtilis and

Bacillus licheniformis on growth, immune response and disease resistance in Nile ti-
lapia, Oreochromis niloticus. Fish Shellfish Immunol. 82, 229–238.

Abasubong, K.P., Liu, W.-B., Zhang, D.-D., Yuan, X.-Y., Xia, S.-L., Xu, C., Li, X.-F., 2018.
Fishmeal replacement by rice protein concentrate with xylooligosaccharides sup-
plement benefits the growth performance, antioxidant capability and immune re-
sponses against Aeromonas hydrophila in blunt snout bream (Megalobrama am-
blycephala). Fish Shellfish Immunol. 78, 177–186.

Abid, A., Davies, S., Waines, P., Emery, M., Castex, M., Gioacchini, G., Carnevali, O.,
Bickerdike, R., Romero, J., Merrifield, D., 2013. Dietary synbiotic application mod-
ulates Atlantic salmon (Salmo salar) intestinal microbial communities and intestinal
immunity. Fish Shellfish Immunol. 35, 1948–1956.

Aguilera-Rivera, D., Prieto-Davó, A., Escalante, K., Chávez, C., Cuzon, G., Gaxiola, G.,
2014. Probiotic effect of FLOC on Vibrios in the pacific white shrimp Litopenaeus
vannamei. Aquaculture 424–425, 215–219.

Ahmad, H.I., Verma, A.K., Babitha Rani, A.M., Rathore, G., Saharan, N., Gora, A.H., 2016.
Growth, non-specific immunity and disease resistance of Labeo rohita against
Aeromonas hydrophila in biofloc systems using different carbon sources. Aquaculture
457, 61–67.

Ai, Q., Xu, H., Mai, K., Xu, W., Wang, J., Zhang, W., 2011. Effects of dietary supple-
mentation of Bacillus subtilis and fructooligosaccharide on growth performance, sur-
vival, non-specific immune response and disease resistance of juvenile large yellow
croaker, Larimichthys crocea. Aquaculture 317, 155–161.

Akhter, N., Wu, B., Memon, A.M., Mohsin, M., 2015. Probiotics and prebiotics associated
with aquaculture: a review. Fish Shellfish Immunol. 45, 733–741.

Amend, D.F., 1981. Potency testing of fish vaccines. Dev. Biol. Stand. 49, 8.
Anand, P.S.S., Kohli, M.P.S., Kumar, S., Sundaray, J.K., Roy, S.D., Venkateshwarlu, G.,

Sinha, A., Pailan, G.H., 2014. Effect of dietary supplementation of biofloc on growth
performance and digestive enzyme activities in Penaeus monodon. Aquaculture 418-
419, 108–115.

Ashouri, G., Mahboobi Soofiani, N., Hoseinifar, S.H., Jalali, S.A.H., Morshedi, V., Van
Doan, H., Torfi Mozanzadeh, M., 2018. Combined effects of dietary low molecular
weight sodium alginate and Pediococcus acidilactici MA18/5M on growth perfor-
mance, haematological and innate immune responses of Asian sea bass (Lates calca-
lifer) juveniles. Fish Shellfish Immunol. 79, 34–41.

Ausubel, F.M., 2005. Are innate immune signaling pathways in plants and animals con-
served? Nat. Immunol. 6, 973–979.

Avnimelech, Y., Kochba, M., 2009. Evaluation of nitrogen uptake and excretion by tilapia
in bio floc tanks, using 15N tracing. Aquaculture 287, 163–168.

Baik, J.E., Jang, Y.-O., Kang, S.-S., Cho, K., Yun, C.-H., Han, S.H., 2015. Differential
profiles of gastrointestinal proteins interacting with peptidoglycans from Lactobacillus
plantarum and Staphylococcus aureus. Mol. Immunol. 65, 77–85.

Balcázar, J.L., de Blas, I., Ruiz-Zarzuela, I., Vendrell, D., Calvo, A.C., Márquez, I., Gironés,
O., Muzquiz, J.L., 2007. Changes in intestinal microbiota and humoral immune re-
sponse following probiotic administration in brown trout (Salmo trutta). Br. J. Nutr.
97, 522–527.

Behera, B.K., Pradhan, P.K., Swaminathan, T.R., Sood, N., Paria, P., Das, A., Verma, D.K.,
Kumar, R., Yadav, M.K., Dev, A.K., Parida, P.K., Das, B.K., Lal, K.K., Jena, J.K., 2018.
Emergence of Tilapia Lake Virus associated with mortalities of farmed Nile Tilapia
Oreochromis niloticus (Linnaeus 1758) in India. Aquaculture 484, 168–174.

Bernard, H., Desseyn, J.L., Bartke, N., Kleinjans, L., Stahl, B., Belzer, C., Knol, J.,
Gottrand, F., Husson, M.O., 2015. Dietary pectin-derived acidic oligosaccharides
improve the pulmonary bacterial clearance of Pseudomonas aeruginosa lung infection
in mice by modulating intestinal microbiota and immunity. J. Infect. Dis. 211,
156–165.

Bindels, L.B., Delzenne, N.M., Cani, P.D., Walter, J., 2015. Opinion: towards a more
comprehensive concept for prebiotics. Nat. Rev. Gastroenterol. Hepatol. 12, 303–310.

Bossier, P., Ekasari, J., 2017. Biofloc technology application in aquaculture to support
sustainable development goals. Microb. Biotechnol. 10, 1012–1016.

Bron, P.A., van Baarlen, P., Kleerebezem, M., 2012. Emerging molecular insights into the
interaction between probiotics and the host intestinal mucosa. Nat. Rev. Microbiol.
10, 66–78.

Buentello, J.A., Neill, W.H., Gatlin, D.M., 2010. Effects of dietary prebiotics on the
growth, feed efficiency and non-specific immunity of juvenile red drum Sciaenops
ocellatus fed soybean-based diets. Aquac. Res. 41, 411–418.

Cerezuela, R., Guardiola, F.A., Meseguer, J., Esteban, M.Á., 2012. Increases in immune
parameters by inulin and Bacillus subtilis dietary administration to gilthead seabream
(Sparus aurata L.) did not correlate with disease resistance to Photobacterium dam-
selae. Fish Shellfish Immunol. 32, 1032–1040.

Chen, M., Wang, R., Li, L.-P., Liang, W.-W., Li, J., Huang, Y., Lei, A.-Y., Huang, W.-Y.,
Gan, X., 2012. Screening vaccine candidate strains against Streptococcus agalactiae of
tilapia based on PFGE genotype. Vaccine 30, 6088–6092.

Crab, R., Lambert, A., Defoirdt, T., Bossier, P., Verstraete, W., 2010. The application of
bioflocs technology to protect brine shrimp (Artemia franciscana) from pathogenic
Vibrio harveyi. J. Appl. Microbiol. 109, 1643–1649.

Crab, R., Defoirdt, T., Bossier, P., Verstraete, W., 2012. Biofloc technology in aquaculture:
beneficial effects and future challenges. Aquaculture. 356–357, 351–356.

Daniel, N., Nageswari, P., 2017. Exogenous probiotics on biofloc based aquaculture: a
review. Curr. Agric. Res. J. 5, 20.

Dash, P., Tandel, R.S., Bhat, R.A.H., Mallik, S., Pandey, N.N., Singh, A.K., Sarma, D.,
2018. The addition of probiotic bacteria to microbial floc: water quality, growth, non-
specific immune response and disease resistance of Cyprinus carpio in mid-Himalayan
altitude. Aquaculture 495, 961–969.

Dawood, M.A.O., Koshio, S., 2016. Recent advances in the role of probiotics and pre-
biotics in carp aquaculture: a review. Aquaculture 454, 243–251.

Dawood, M.A.O., Koshio, S., Abdel-Daim, M.M., Hien, D.V., 2018. Probiotic application
for sustainable aquaculture. Rev. Aquac. 0.

H. Van Doan, et al. Aquaculture 508 (2019) 98–105

103

http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0005
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0005
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0005
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0005
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0010
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0010
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0010
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0010
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0010
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0015
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0015
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0015
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0015
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0020
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0020
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0020
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0025
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0025
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0025
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0025
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0030
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0030
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0030
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0030
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0035
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0035
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0040
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0045
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0045
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0045
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0045
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0050
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0050
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0050
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0050
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0050
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0055
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0055
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0060
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0060
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0065
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0065
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0065
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0070
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0070
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0070
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0070
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0075
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0075
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0075
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0075
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0080
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0080
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0080
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0080
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0080
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0085
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0085
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0090
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0090
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0095
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0095
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0095
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0100
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0100
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0100
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0105
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0105
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0105
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0105
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0110
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0110
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0110
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0115
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0115
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0115
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0120
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0120
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0125
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0125
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0130
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0130
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0130
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0130
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0135
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0135
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0140
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0140


De Paiva, E., Alves, G., Otavio, L., Olivera, A., Vasconcelos, T.C., 2016. Intensive Culture
System of Litopenaeus vannamei in Commercial Ponds with Zero Water Exchange and
Addition of Molasses and Probiotics. vol. 51. pp. 61–67.

De Schryver, P., Verstraete, W., 2009. Nitrogen removal from aquaculture pond water by
heterotrophic nitrogen assimilation in lab-scale sequencing batch reactors. Bioresour.
Technol. 100, 1162–1167.

Doan, H.V., Hoseinifar, S.H., Tapingkae, W., Chitmanat, C., Mekchay, S., 2017. Effects of
Cordyceps militaris spent mushroom substrate on mucosal and serum immune para-
meters, disease resistance and growth performance of Nile tilapia, (Oreochromis ni-
loticus). Fish Shellfish Immunol. 67, 78–85.

Doan, H.V., Hoseinifar, S.H., Elumalai, P., Tongsiri, S., Chitmanat, C., Jaturasitha, S.,
Doolgindachbaporn, S., 2018. Effects of orange peels derived pectin on innate im-
mune response, disease resistance and growth performance of Nile tilapia
(Oreochromis niloticus) cultured under indoor biofloc system. Fish Shellfish Immunol.
80, 56–62.

Ekasari, J., Hanif Azhar, M., Surawidjaja, E.H., Nuryati, S., De Schryver, P., Bossier, P.,
2014. Immune response and disease resistance of shrimp fed biofloc grown on dif-
ferent carbon sources. Fish Shellfish Immunol. 41, 332–339.

Ekasari, J., Rivandi, D.R., Firdausi, A.P., Surawidjaja, E.H., Zairin Jr., M., Bossier, P., De
Schryver, P., 2015. Biofloc technology positively affects Nile tilapia (Oreochromis
niloticus) larvae performance. Aquaculture 441, 72–77.

Ekasari, J., Suprayudi, M.A., Wiyoto, W., Hazanah, R.F., Lenggara, G.S., Sulistiani, R.,
Alkahfi, M., Zairin, M., 2016. Biofloc technology application in African catfish fin-
gerling production: the effects on the reproductive performance of broodstock and
the quality of eggs and larvae. Aquaculture 464, 349–356.

Eshaghzadeh, H., Hoseinifar, S.H., Vahabzadeh, H., Ringø, E., 2015. The effects of dietary
inulin on growth performances, survival and digestive enzyme activities of common
carp (Cyprinus carpio) fry. Aquac. Nutr. 21, 242–247.

FAO, 2016. The State of World Fisheries and Aquaculture. Food and Agriculture
Organization of the United Nations, Rome, pp. 4.

FAO/WHO, 2001. Health and nutritional properties of probiotics in food including
powder milk with liver lactic acid bacteria. In: Food and Agriculture Organization
and World Health Organization Joint Report, pp. 34.

Feng, J., Li, D., Liu, L., Tang, Y., Du, R., 2019. Characterization and comparison of the
adherence and immune modulation of two gut Lactobacillus strains isolated from
Paralichthys olivaceus. Aquaculture 499, 381–388.

Ferreira, M.G.P., Melo, F.P., Lima, J.P.V., Andrade, H.A., Severi, W., Correia, E.S., 2017.
Bioremediation and Biocontrol of Commercial Probiotic in Marine Shrimp Culture
with Biofloc. vol. 45. pp. 167–176.

Gallage, S., Katagiri, T., Endo, M., Maita, M., 2017. Comprehensive evaluation of im-
munomodulation by moderate hypoxia in S. agalactiae vaccinated Nile tilapia. Fish
Shellfish Immunol. 66, 445–454.

Gao, Q., Gao, Q., Min, M., Zhang, C., Peng, S., Shi, Z., 2016. Ability of Lactobacillus
plantarum lipoteichoic acid to inhibit Vibrio anguillarum-induced inflammation and
apoptosis in silvery pomfret (Pampus argenteus) intestinal epithelial cells. Fish
Shellfish Immunol. 54, 573–579.

Gatesoupe, F.J., Ronald Ross, W., Victor, R.P., 2010. Probiotics and Other Microbial
Manipulations in Fish Feeds: Prospective Health Benefits, Bioactive Foods in
Promoting Health. Academic Press, Boston, pp. 541–552.

Geng, X., Dong, X.-H., Tan, B.-P., Yang, Q.-H., Chi, S.-Y., Liu, H.-Y., Liu, X.-Q., 2011.
Effects of dietary chitosan and Bacillus subtilis on the growth performance, non-spe-
cific immunity and disease resistance of cobia, Rachycentron canadum. Fish Shellfish
Immunol. 31, 400–406.

Giri, S.S., Sukumaran, V., Oviya, M., 2013. Potential probiotic Lactobacillus plantarum
VSG3 improves the growth, immunity, and disease resistance of tropical freshwater
fish, Labeo rohita. Fish Shellfish Immunol. 34, 660–666.

Gómez, B., Gullón, B., Yáñez, R., Parajó, J.C., Alonso, J.L., 2013. Pectic oligosacharides
from lemon peel wastes: production, purification, and chemical characterization. J.
Agric. Food Chem. 61, 10043–10053.

Gómez, B., Gullón, B., Yáñez, R., Schols, H., Alonso, J.L., 2016. Prebiotic potential of
pectins and pectic oligosaccharides derived from lemon peel wastes and sugar beet
pulp: a comparative evaluation. J. Funct. Foods 20, 108–121.

González-Félix, M.L., Gatlin Iii, D.M., Urquidez-Bejarano, P., de la Reé-Rodríguez, C.,
Duarte-Rodríguez, L., Sánchez, F., Casas-Reyes, A., Yamamoto, F.Y., Ochoa-Leyva, A.,
Perez-Velazquez, M., 2018. Effects of commercial dietary prebiotic and probiotic
supplements on growth, innate immune responses, and intestinal microbiota and
histology of Totoaba macdonaldi. Aquaculture. 491, 13.

GOVL, 2017. Finfish production review. in: Norwegian Seafood Council, K., Eurostat, FAO
(Ed.), (Dublin, Ireland).

Grundy, M.M.L., Edwards, C.H., Mackie, A.R., Gidley, M.J., Butterworth, P.J., Ellis, P.R.,
2016. Re-evaluation of the mechanisms of dietary fibre and implications for macro-
nutrient bioaccessibility, digestion and postprandial metabolism. Br. J. Nutr. 116,
816–833.

Gu, D., Hu, Y., Wei, H., Zhu, Y., Mu, X., Luo, D., Xu, M., Yang, Y., 2017. Nile Tilapia
Oreochromis niloticus (L.). In: Wan, F., Jiang, M., Zhan, A. (Eds.), Biological Invasions
and Its Management in China: Volume 2. Springer Singapore, Singapore, pp. 77–89.

Hapsari, F., 2016. The Effect of Fermented and Non Fermented Biofloc Inoculated with
Bacterium Bacillus cereus for Catfish (Clarias gariepinus) Juveniles. vol. 9. AACL
Bioflux, pp. 334–339.

Hasan, M.T., Jang, W.J., Kim, H., Lee, B.-J., Kim, K.W., Hur, S.W., Lim, S.G., Bai, S.C.,
Kong, I.-S., 2018. Synergistic effects of dietary Bacillus sp. SJ-10 plus β-glucooligo-
saccharides as a synbiotic on growth performance, innate immunity and strepto-
coccosis resistance in olive flounder (Paralichthys olivaceus). Fish Shellfish Immunol.
82, 544–553.

Ho, Y.-Y., Lin, C.-M., Wu, M.-C., 2017. Evaluation of the prebiotic effects of citrus pectin
hydrolysate. J. Food Drug Anal. 25, 550–558.

Hoseinifar, S.H., Zare, P., Merrifield, D.L., 2010. The effects of inulin on growth factors
and survival of the Indian white shrimp larvae and postlarvae (Fenneropenaeus in-
dicus). Aquac. Res. 41, e348–e352.

Hoseinifar, S.H., Khalili, M., Rostami, H.K., Esteban, M.Á., 2013. Dietary galactooligo-
saccharide affects intestinal microbiota, stress resistance, and performance of Caspian
roach (Rutilus rutilus) fry. Fish Shellfish Immunol. 35, 1416–1420.

Hoseinifar, S.H., Esteban, M.Á., Cuesta, A., Sun, Y.-Z., 2015a. Prebiotics and fish immune
response: a review of current knowledge and future perspectives. Reviews in Fisheries
Science & Aquaculture 23, 315–328.

Hoseinifar, S.H., Roosta, Z., Hajimoradloo, A., Vakili, F., 2015b. The effects of
Lactobacillus acidophilus as feed supplement on skin mucosal immune parameters,
intestinal microbiota, stress resistance and growth performance of black swordtail
(Xiphophorus helleri). Fish Shellfish Immunol. 42, 533–538.

Hoseinifar, S.H., Eshaghzadeh, H., Vahabzadeh, H., Mana, N.P., 2016a. Modulation of
growth performances, survival, digestive enzyme activities and intestinal microbiota
in common carp (Cyprinus carpio) larvae using short chain fructooligosaccharide.
Aquac. Res. 47, 3246–3253.

Hoseinifar, S.H., Ringø, E., Shenavar Masouleh, A., Esteban, M.Á., 2016b. Probiotic,
prebiotic and synbiotic supplements in sturgeon aquaculture: a review. Rev. Aquac.
8, 89–102.

Hoseinifar, S.H., Mirvaghefi, A., Amoozegar, M.A., Merrifield, D.L., Ringø, E., 2017. In
vitro selection of a synbiotic and in vivo evaluation on intestinal microbiota, perfor-
mance and physiological response of rainbow trout (Oncorhynchus mykiss) fingerlings.
Aquac. Nutr. 23, 111–118.

Hosoi, T., Hirose, R., Saegusa, S., Ametani, A., Kiuchi, K., Kaminogawa, S., 2003.
Cytokine responses of human intestinal epithelial-like Caco-2 cells to the non-
pathogenic bacterium Bacillus subtilis (natto). Int. J. Food Microbiol. 82, 255–264.

Hu, X., Cao, Y., Wen, G., Zhang, X., Xu, Y., Xu, W., Xu, Y., Li, Z., 2017. Effect of combined
use of Bacillus and molasses on microbial communities in shrimp cultural enclosure
systems. Aquac. Res. 48, 2691–2705.

Irianto, A., Austin, B., 2002a. Use of probiotics to control furunculosis in rainbow trout,
Oncorhynchus mykiss (Walbaum). J. Fish Dis. 25, 333–342.

Irianto, A., Austin, B., 2002b. Probiotics in aquaculture. J. Fish Dis. 11.
Ju, Z.Y., Forster, I., Conquest, L., Dominy, W., Kuo, W.C., David Horgen, F., 2008.

Determination of microbial community structures of shrimp floc cultures by bio-
markers and analysis of floc amino acid profiles. Aquac. Res. 39, 118–133.

Kamilya, D., Debbarma, M., Pal, P., Kheti, B., Sarkar, S., Singh, S.T., 2017. Biofloc
technology application in indoor culture of Labeo rohita (Hamilton, 1822) fingerlings:
the effects on inorganic nitrogen control, growth and immunity. Chemosphere 182,
8–14.

Kathia, C.M., Del Carmen, D.M., Aida, H.P., Jorgey, C.M., Daniel, B.C., 2017. Probiotics
used in biofloc system for fish and crustacean culture: a review. Int. J. Fish. Aquat.
Stud. 5, 6.

Khodadadian Zou, H., Hoseinifar, S.H., Kolangi Miandare, H., Hajimoradloo, A., 2016.
Agaricus bisporus powder improved cutaneous mucosal and serum immune para-
meters and up-regulated intestinal cytokines gene expression in common carp
(Cyprinus carpio) fingerlings. Fish Shellfish Immunol. 58, 380–386.

Khramova, D.S., Popov, S.V., Golovchenko, V.V., Vityazev, F.V., Paderin, N.M., Ovodov,
Y.S., 2009. Abrogation of the oral tolerance to ovalbumin in mice by citrus pectin.
Nutrition (Burbank, Los Angeles County, Calif.) 25, 226–232.

Kim, M.-S., Min, E., Kim, J.-H., Koo, J.-K., Kang, J.-C., 2015. Growth performance and
immunological and antioxidant status of Chinese shrimp, Fennerpenaeus chinensis
reared in bio-floc culture system using probiotics. Fish Shellfish Immunol. 47,
141–146.

Kleerebezem, M., Hols, P., Bernard, E., Rolain, T., Zhou, M., Siezen, R., Bron, P., 2010.
The extracellular biology of the lactobacilli. FEMS Microbiol. Rev. 34, 199–230.

Koehn, J.Z., Allison, E.H., Franz, N., Wiegers, E.S., 2017. Chapter 4 – How can the oceans
help feed 9 billion people? A2 – Levin, Phillip S. In: Poe, M.R. (Ed.), Conservation for
the Anthropocene Ocean. Academic Press, pp. 65–88.

Krummenauer, D., Poersch, L., Romano, L.A., Lara, G.R., Encarnação, P., Wasielesky Jr.,
W., 2014. The effect of probiotics in a Litopenaeus vannamei biofloc culture system
infected with Vibrio parahaemolyticus. J. Appl. Aquac. 26, 370–379.

Kühlwein, H., Merrifield, D.L., Rawling, M.D., Foey, A.D., Davies, S.J., 2014. Effects of
dietary β-(1,3)(1,6)-D-glucan supplementation on growth performance, intestinal
morphology and haemato-immunological profile of mirror carp (Cyprinus carpio L.).
J. Anim. Physiol. Anim. Nutr. 98, 279–289.

Kumar, P., Jain, K.K., Sardar, P., 2018. Effects of dietary synbiotic on innate immunity,
antioxidant activity and disease resistance of Cirrhinus mrigala juveniles. Fish
Shellfish Immunol. 80, 124–132.

Lazado, C.C., Caipang, C.M.A., 2014. Mucosal immunity and probiotics in fish. Fish
Shellfish Immunol. 39, 78–89.

Lebeer, S., Vanderleyden, J., De Keersmaecker, S., 2010. Host interactions of probiotic
bacterial surface molecules: comparison with commensals and pathogens. Nat. Rev.
Microbiol. 8, 171–184.

Lee, S., Katya, K., Hamidoghli, A., Hong, J., Kim, D.-J., Bai, S.C., 2018. Synergistic effects
of dietary supplementation of Bacillus subtilis WB60 and mannanoligosaccharide
(MOS) on growth performance, immunity and disease resistance in Japanese eel,
Anguilla japonica. Fish Shellfish Immunol. 83, 283–291.

Li, P., Gatlin, D.M., 2005. Evaluation of the prebiotic GroBiotic®-A and brewers yeast as
dietary supplements for sub-adult hybrid striped bass (Morone chrysops×M. saxatilis)
challenged in situ with Mycobacterium marinum. Aquaculture 248, 197–205.

Li, J., Liu, G., Li, C., Deng, Y., Tadda, M.A., Lan, L., Zhu, S., Liu, D., 2018a. Effects of
different solid carbon sources on water quality, biofloc quality and gut microbiota of
Nile tilapia (Oreochromis niloticus) larvae. Aquaculture 495, 919–931.

Li, C., Ren, Y., Jiang, S., Zhou, S., Zhao, J., Wang, R., Li, Y., 2018b. Effects of dietary
supplementation of four strains of lactic acid bacteria on growth, immune-related

H. Van Doan, et al. Aquaculture 508 (2019) 98–105

104

http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0145
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0145
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0145
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0150
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0150
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0150
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0155
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0155
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0155
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0155
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0160
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0160
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0160
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0160
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0160
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0165
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0165
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0165
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0170
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0170
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0170
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0175
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0175
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0175
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0175
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0180
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0180
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0180
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf2000
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf2000
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0185
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0185
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0185
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0190
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0190
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0190
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0195
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0195
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0195
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0200
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0200
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0200
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0205
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0205
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0205
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0205
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0210
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0210
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0210
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0215
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0215
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0215
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0215
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0220
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0220
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0220
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0225
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0225
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0225
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0230
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0230
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0230
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0235
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0235
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0235
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0235
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0235
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0240
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0240
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0240
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0240
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0245
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0245
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0245
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0250
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0250
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0250
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0255
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0255
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0255
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0255
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0255
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0260
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0260
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0265
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0265
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0265
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0270
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0270
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0270
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0275
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0275
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0275
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0280
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0280
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0280
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0280
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0285
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0285
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0285
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0285
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0290
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0290
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0290
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0295
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0295
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0295
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0295
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0300
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0300
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0300
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0305
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0305
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0305
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0310
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0310
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0315
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0320
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0320
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0320
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0325
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0325
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0325
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0325
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0330
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0330
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0330
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0335
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0335
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0335
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0335
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0340
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0340
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0340
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0345
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0345
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0345
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0345
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0350
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0350
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0355
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0355
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0355
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0360
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0360
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0360
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0365
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0365
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0365
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0365
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0370
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0370
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0370
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0375
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0375
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0380
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0380
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0380
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0385
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0385
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0385
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0385
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0390
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0390
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0390
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0395
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0395
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0395
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0400
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0400


response and genes expression of the juvenile sea cucumber Apostichopus japonicus
Selenka. Fish Shellfish Immunol. 74, 69–75.

Liu, H., Zhang, L., Yi, H., Han, X., Chi, C., 2016. Identification and characterization of
plantaricin Q7, a novel plantaricin produced by Lactobacillus plantarum Q7. LWT Food
Sci. Technol. 71, 386–390.

Llewellyn, M.S., Boutin, S., Hoseinifar, S.H., Derome, N., 2014. Teleost microbiomes: the
state of the art in their characterization, manipulation and importance in aquaculture
and fisheries. Front. Microbiol. 5.

Mansour, A.T., Esteban, M.Á., 2017. Effects of carbon sources and plant protein levels in a
biofloc system on growth performance, and the immune and antioxidant status of
Nile tilapia (Oreochromis niloticus). Fish Shellfish Immunol. 64, 202–209.

Miao, S., Zhu, J., Zhao, C., Sun, L., Zhang, X., Chen, G., 2017. Effects of C/N ratio control
combined with probiotics on the immune response, disease resistance, intestinal
microbiota and morphology of giant freshwater prawn (Macrobrachium rosenbergii).
Aquaculture 476, 125–133.

Munir, M.B., Hashim, R., Nor, S.A.M., Marsh, T.L., 2018. Effect of dietary prebiotics and
probiotics on snakehead (Channa striata) health: Haematology and disease resistance
parameters against Aeromonas hydrophila. Fish Shellfish Immunol. 75, 99–108.

Naqash, F., Masoodi, F.A., Rather, S.A., Wani, S.M., Gani, A., 2017. Emerging concepts in
the nutraceutical and functional properties of pectin—a review. Carbohydr. Polym.
168, 227–239.

Nayak, S.K., 2010. Probiotics and immunity: a fish perspective. Fish Shellfish Immunol.
29, 2–14.

Parry, R.M., Chandan, R.C., Shahani, K.M., 1965. A rapid and sensitive assay of mur-
amidase. Exp. Biol. Med. 119, 384–386.

Pérez-Sánchez, T., Mora-Sánchez, B., Balcázar, J.L., 2018. Biological approaches for
disease control in aquaculture: advantages, limitations and challenges. Trends
Microbiol. 26, 896–903.

Piedrahita, R.H., 2003. Reducing the potential environmental impact of tank aquaculture
effluents through intensification and recirculation. Aquaculture 226, 35–44.

Prakash Maran, J., Sivakumar, V., Thirugnanasambandham, K., Sridhar, R., 2013.
Optimization of microwave assisted extraction of pectin from orange peel.
Carbohydr. Polym. 97, 703–709.

Rahimnejad, S., Guardiola, F.A., Leclercq, E., Ángeles Esteban, M., Castex, M., Sotoudeh,
E., Lee, S.-M., 2018. Effects of dietary supplementation with Pediococcus acidilactici
MA18/5M, galactooligosaccharide and their synbiotic on growth, innate immunity
and disease resistance of rockfish (Sebastes schlegeli). Aquaculture 482, 36–44.

Ringø, E., Song, S.K., 2016. Application of dietary supplements (synbiotics and probiotics
in combination with plant products and β-glucans) in aquaculture. Aquac. Nutr. 22,
4–24.

Rodrigues, M.S., Bolívar, N., Legarda, E.C., Guimarães, A.M., Guertler, C., do Espírito
Santo, C.M., Mouriño, J.L.P., Seiffert, W.Q., Fracalossi, D.M., do Nascimento Vieira,
F., 2018. Mannoprotein dietary supplementation for Pacific white shrimp raised in
biofloc systems. Aquaculture 488, 90–95.

Sartika, D., Harpeni, E., Diantari, R., 2012. Effect of molasses on the application of pro-
biotic on water quality, growth and survival rate of the common carp (Cyprinus
carpio). Jurnal Rekayasa dan Teknologi Budidaya Perairan 1, 8.

SAS, 2003. SAS Institute Inc, SAS Campus Drive, Cary, NC USA (27513–2414).
Schwartz, S.E., Levine, R.A., Singh, A., Scheidecker, J.R., Track, N.S., 1982. Sustained

pectin ingestion delays gastric emptying. Gastroenterology 83, 812–817.
Secombes, C.J., 1990. Isolation of salmonid macrophage and analysis of their killing

ability. In: Stolen JS, F.T., Anderson, D.P., Roberson, B.S., Van, W.B., Winkel, M.
(Eds.), Techniques in Fish Immunology. SOS Publication, New Jersey, pp. 137–152.

Sewaka, M., Trullas, C., Chotiko, A., Rodkhum, C., Chansue, N., Boonanuntanasarn, S.,
Pirarat, N., 2019. Efficacy of synbiotic Jerusalem artichoke and Lactobacillus rham-
nosus GG-supplemented diets on growth performance, serum biochemical para-
meters, intestinal morphology, immune parameters and protection against Aeromonas
veronii in juvenile red tilapia (Oreochromis spp.). Fish Shellfish Immunol. 86,
260–268.

Son, V.M., Chang, C.-C., Wu, M.-C., Guu, Y.-K., Chiu, C.-H., Cheng, W., 2009. Dietary
administration of the probiotic, Lactobacillus plantarum, enhanced the growth, innate
immune responses, and disease resistance of the grouper Epinephelus coioides. Fish
Shellfish Immunol. 26, 691–698.

Stanton, C., Ross, R.P., Fitzgerald, G.F., Van Sinderen, D., 2005. Fermented functional
foods based on probiotics and their biogenic metabolites. Curr. Opin. Biotechnol. 16,
198–203.

Su, P., Henriksson, A., Nilsson, C., Mitchell, H., 2008. Synergistic effect of green tea ex-
tract and probiotics on the pathogenic bacteria, Staphylococcus aureus and
Streptococcus pyogenes. World J. Microbiol. Biotechnol. 24, 1837–1842.

Suh, H.-J., Yang, H.-S., Ra, K.-S., Noh, D.-O., Kwon, K.-H., Hwang, J.-H., Yu, K.-W., 2013.
Peyer's patch-mediated intestinal immune system modulating activity of pectic-type
polysaccharide from peel of Citrus unshiu. Food Chem. 138, 1079–1086.

Tacon, A.G.J., Cody, J.J., Conquest, L.D., Divakaran, S., Forster, I.P., Decamp, O.E., 2002.
Effect of culture system on the nutrition and growth performance of Pacific white

shrimp Litopenaeus vannamei (Boone) fed different diets. Aquac. Nutr. 8, 121–137.
Torrecillas, S., Rivero-Ramírez, F., Izquierdo, M.S., Caballero, M.J., Makol, A., Suarez-

Bregua, P., Fernández-Montero, A., Rotllant, J., Montero, D., 2018. Feeding European
sea bass (Dicentrarchus labrax) juveniles with a functional synbiotic additive (mannan
oligosaccharides and Pediococcus acidilactici): an effective tool to reduce low fishmeal
and fish oil gut health effects? Fish Shellfish Immunol. 81, 10–20.

Van Doan, H., Hoseinifar, S.H., Tapingkae, W., Tongsiri, S., Khamtavee, P., 2016a.
Combined administration of low molecular weight sodium alginate boosted im-
munomodulatory, disease resistance and growth enhancing effects of Lactobacillus
plantarum in Nile tilapia (Oreochromis niloticus). Fish Shellfish Immunol. 58, 678–685.

Van Doan, H., Tapingkae, W., Moonmanee, T., Seepai, A., 2016b. Effects of low molecular
weight sodium alginate on growth performance, immunity, and disease resistance of
tilapia, Oreochromis niloticus. Fish Shellfish Immunol. 55, 186–194.

Van Doan, H., Hoseinifar, S.H., Tapingkae, W., Khamtavee, P., 2017. The effects of dietary
kefir and low molecular weight sodium alginate on serum immune parameters, re-
sistance against Streptococcus agalactiae and growth performance in Nile tilapia
(Oreochromis niloticus). Fish Shellfish Immunol. 62, 139–146.

Van Doan, H., Hoseinifar, S.H., Faggio, C., Chitmanat, C., Mai, N.T., Jaturasitha, S.,
Ringø, E., 2018a. Effects of corncob derived xylooligosaccharide on innate immune
response, disease resistance, and growth performance in Nile tilapia (Oreochromis
niloticus) fingerlings. Aquaculture 495, 786–793.

Van Doan, H., Hoseinifar, S.H., Khanongnuch, C., Kanpiengjai, A., Unban, K., Van Kim,
V., Srichaiyo, S., 2018b. Host-associated probiotics boosted mucosal and serum im-
munity, disease resistance and growth performance of Nile tilapia (Oreochromis ni-
loticus). Aquaculture 491, 94–100.

Van Nguyen, N., Onoda, S., Van Khanh, T., Hai, P.D., Trung, N.T., Hoang, L., Koshio, S.,
2019. Evaluation of dietary heat-killed Lactobacillus plantarum strain L-137 supple-
mentation on growth performance, immunity and stress resistance of Nile tilapia
(Oreochromis niloticus). Aquaculture 498, 371–379.

Vogt, L.M., Sahasrabudhe, N.M., Ramasamy, U., Meyer, D., Pullens, G., Faas, M.M.,
Venema, K., Schols, H.A., de Vos, P., 2016. The impact of lemon pectin characteristics
on TLR activation and T84 intestinal epithelial cell barrier function. J. Funct. Foods
22, 398–407.

Wang, Y.-B., 2007. Effect of probiotics on growth performance and digestive enzyme
activity of the shrimp Penaeus vannamei. Aquaculture 269, 259–264.

Wang, B., Gan, Z., Cai, S., Wang, Z., Yu, D., Lin, Z., Lu, Y., Wu, Z., Jian, J., 2016.
Comprehensive identification and profiling of Nile tilapia (Oreochromis niloticus)
microRNAs response to Streptococcus agalactiae infection through high-throughput
sequencing. Fish Shellfish Immunol. 54, 93–106.

Wang, X., Sun, Y., Wang, L., Li, X., Qu, K., Xu, Y., 2017. Synbiotic dietary supplement
affects growth, immune responses and intestinal microbiota of Apostichopus japonicus.
Fish Shellfish Immunol. 68, 232–242.

Wen, L.S., Philip, K., Ajam, N., 2016. Purification, characterization and mode of action of
plantaricin K25 produced by Lactobacillus plantarum. Food Control 60, 430–439.

Xia, Y., Lu, M., Chen, G., Cao, J., Gao, F., Wang, M., Liu, Z., Zhang, D., Zhu, H., Yi, M.,
2018. Effects of dietary Lactobacillus rhamnosus JCM1136 and Lactococcus lactis subsp.
lactis JCM5805 on the growth, intestinal microbiota, morphology, immune response
and disease resistance of juvenile Nile tilapia, Oreochromis niloticus. Fish Shellfish
Immunol. 76, 368–379.

Xu, W.-J., Pan, L.-Q., 2012. Effects of bioflocs on growth performance, digestive enzyme
activity and body composition of juvenile Litopenaeus vannamei in zero-water ex-
change tanks manipulating C/N ratio in feed. Aquaculture 356-357, 147–152.

Yanno, T., Stolen, J.S., Fletcher, T.C., Anderson, D.P., Kaatari, S.L., Roley, A.F., 1992.
Assays of hemolitic complement activity. In: Techniques in Fish Immunology. SOS
Publications, Fair Haven, NJ, pp. 131–141.

Ye, J.D., Wang, K., Li, F.D., Sun, Y.Z., 2011. Single or combined effects of fructo- and
mannan oligosaccharide supplements and Bacillus clausii on the growth, feed utili-
zation, body composition, digestive enzyme activity, innate immune response and
lipid metabolism of the Japanese flounder Paralichthys olivaceus. Aquac. Nutr. 17,
e902–e911.

Yoshida, T., Kitao, T., 1991. The opsonic effect of specific immune serum on the pha-
gocytic and chemiluminescent response in rainbow trout, Oncorhynchus mykiss pha-
gocytes. Fish Pathol. 26, 29–33.

Zhang, C.N., Li, X.F., Xu, W.N., Jiang, G.Z., Lu, K.L., Wang, L.N., Liu, W.B., 2013.
Combined effects of dietary fructooligosaccharide and Bacillus licheniformis on innate
immunity, antioxidant capability and disease resistance of triangular bream
(Megalobrama terminalis). Fish Shellfish Immunol. 35, 1380–1386.

Zhao, P., Huang, J., Wang, X.-H., Song, X.-L., Yang, C.-H., Zhang, X.-G., Wang, G.-C.,
2012. The application of bioflocs technology in high-intensive, zero exchange
farming systems of Marsupenaeus japonicus. Aquaculture 354-355, 97–106.

Zhou, Q.C., Buentello, J.A., Gatlin, D.M., 2010. Effects of dietary prebiotics on growth
performance, immune response and intestinal morphology of red drum (Sciaenops
ocellatus). Aquaculture 309, 253–257.

H. Van Doan, et al. Aquaculture 508 (2019) 98–105

105

http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0400
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0400
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0405
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0405
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0405
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0410
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0410
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0410
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0415
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0415
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0415
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0420
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0420
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0420
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0420
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0425
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0425
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0425
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0430
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0430
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0430
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0435
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0435
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0440
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0440
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0445
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0445
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0445
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0450
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0450
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0455
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0455
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0455
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0460
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0460
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0460
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0460
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0465
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0465
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0465
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0470
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0470
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0470
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0470
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0475
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0475
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0475
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0480
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0480
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0485
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0485
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0485
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0490
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0490
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0490
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0490
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0490
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0490
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0495
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0495
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0495
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0495
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0500
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0500
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0500
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0505
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0505
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0505
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0510
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0510
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0510
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0515
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0515
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0515
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0520
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0520
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0520
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0520
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0520
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0525
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0525
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0525
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0525
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0530
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0530
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0530
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0535
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0535
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0535
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0535
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0540
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0540
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0540
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0540
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0545
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0545
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0545
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0545
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0550
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0550
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0550
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0550
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0555
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0555
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0555
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0555
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0560
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0560
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0565
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0565
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0565
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0565
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0570
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0570
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0570
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0575
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0575
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0580
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0580
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0580
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0580
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0580
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0585
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0585
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0585
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0590
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0590
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0590
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0595
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0595
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0595
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0595
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0595
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0600
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0600
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0600
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0605
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0605
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0605
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0605
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0610
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0610
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0610
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0615
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0615
http://refhub.elsevier.com/S0044-8486(18)32396-2/rf0615

	Dietary inclusion of Orange peels derived pectin and Lactobacillus plantarum for Nile tilapia (Oreochromis niloticus) cultured under indoor biofloc systems
	Introduction
	Materials and methods
	Preparation of orange peels derived pectin (OPDP)
	Lactobacillus plantarum preparation
	Diets preparation
	Fish preparation and experimental design
	Water quality management
	Samples preparation and immunological analysis
	Samples preparation
	Immunological parameters

	Growth performance
	Challenge test
	Statistical analysis

	Results
	Water quality parameters
	Innate immune response
	Challenge test
	Growth performance

	Discussion
	Acknowledgements
	References




