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This study evaluated the effect of duration of feeding with selected prebiotics (β-glucan, GOS, MOS) and
probiotics (Saccharomyces cerevisiae, Lactobacillus acidophilus) on growth performance, nutrient digestibility,
the expression of immune regulatory genes and the capacity of Channa striata fingerlings to retain the benefits
derived after the intake of these supplementswith time. Fish on the supplementeddiets resulted in better growth
performance, nutrient digestibility and the expression of immune regulatory genes significantly (P b 0.05)
outperforming those on the control diet; highest performance was found in fish fed with L. acidophilus supple-
ment. The growth trends were lower in all prebiotics compared to fish on the probiotics supplemented diets.
The results obtained from the present study showed that supplementation with L. acidophilus is best for growth
and the expression of immune regulatory genes of C. striata fingerlings regardless of feeding duration unlike the
prebiotic treatmentswhose early differences became insignificant by the time feedingwas extended to 16weeks.
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1. Introduction

The snakehead, Channa striata (Bloch, 1793), is a carnivorous freshwa-
ter fish, which iswidely distributed in Asia. It is a valuable food fish (Wee,
1982) known for its high protein content (Annasari et al., 2012), low fat
and minimal intramuscular spines and medicinal qualities, (Haniffa and
Marimuthu, 2004) used traditionally to treat injuries and burns. Hence,
in recent years the snakehead aquaculture industry has expanded and
production yields have increased from 16 tons in 1998–2000 to 42 tons
in 2010–12 (FAO, 2014). However, in commonwith other intensive aqua-
culture practices, snakehead culture has resulted in problems associated
with the deterioration of water quality and the outbreak of diseases
(FAO, 2012). For decades, disease in farms are managed through the
widespread and often uncontrolled use of antibiotics, which in turn led
to the advent of antimicrobial resistant pathogens, reduction in beneficial
microbiota in the gastrointestinal (GI) ecosystem, including the accumu-
lation of residual antibiotics infishmusclemaking it unsuitable for human
consumption (FAO, 2005). Therefore, theuse of all sub-therapeutic antibi-
otics as growth-promoting agents was banned by the European Union in
2006 (Denev et al., 2009) and efforts are focussed on exploring new
strategies in feeding and health management in fish aquaculture practice
(Balcâzar et al., 2006). These include evaluating new dietary supplements
which promote health and growth-promoting compounds such as prebi-
otics, probiotics, symbiotics, phytobiotics and other functional dietary
supplements (Denev, 2008).

Probiotics and prebiotics are bioactive components (Kapka et al.,
2012) that provide not only nutrients, but microorganisms, oligosaccha-
rides and polysaccharides, which enhance growth performance subse-
quently, increase fish production (Diana, 1997; Abdelghany and Ahmad,
2002). Probiotics are live microorganisms (Fuller, 1989) like bacteria
(L. acidophilus, Bacillus cereus), or live yeast (Saccharomyces cerevisiae),
which have been proven to have beneficial effects on fish growth by im-
proving its intestinalmicrobial balance (Al-Dohail et al., 2009; Dhanaraj et
al., 2010). In addition to promoting growth (Grisdale et al., 2008), prebi-
otics which are non-digestive feed ingredients (Gibsen and Roberfroid,
1995), also increase the metabolism of health-promoting bacteria like
lactobacillus, bifidobacteria, nutrient digestibility and the expression of
immune regulatory genes (Mohsen and Xin, 2015). The consumption
of these oligosaccharides is reported to reduce β-glucuronidase and
nitroreductase activities resulting in the enhancement of immunity and
modulation of mucin production (Arturo et al., 2010). Currently, prebi-
otics are increasingly used for fish disease management as it is reported
to improve water quality (Denev, 2008). There is increasingly strong evi-
dence that both prebiotics and probiotics are able to cause an up or down



Table 1
Feed ingredients and proximate composition of the formulated diet (g/kg, dry matter).

Control β-glucan
0.2%

GOS
1%

MOS
0.5%

Live yeast
1%

L. acidophils
0.01%

Ingredients
Danish fish meala 534 534 534 534 534 534
Korean corn starch 340 340 340 340 340 340
Fish oil 5 5 5 5 5 5
Soyabean oil 60 60 60 60 60 60
Cellulose 11 9 1 6 1 10.9
CMCb 10 10 10 10 10 10
Vitamin mixc 20 20 20 20 20 20
Mineral mixd 20 20 20 20 20 20
Supplement 0 2 10 5 10 0.1

Proximate composition g/kg
Moisture 81.9 52.2 63.1 71.9 96.5 92.76
Protein 410 407.3 409.4 406.8 409.1 409.7
Lipid 118.8 117.5 118.4 118 120.3 121.2
Ash 10.09 10.15 9.8 10.33 9.9 10.56
Fiber 123 123.2 123.2 121.8 121.8 120.6
NFEe 256.21 289.65 276.1 271.17 242.4 245.18
GEf (MJ/kg) 198.9 197.6 198.5 199.2 198.7 196.9

a Danish fish meal kg−1 = crude protein 746.6 and crude lipid 101.6.
b CMC = carboxymethyl cellulose.
c Vitaminmix kg−1= rovimix 6288, Roche Vitamins Ltd. Switzerland; Vit A 50million i.u.,

Vit D 310million i.u., Vit E 130 g, Vit B1 10 g, Vit B2 25 g, Vit B6 16 g, Vit B12 100mg, Biotin 500
mg, Pantothenic acid 56 g, Folic acid 8 g, Niacin 200 g, Anticake 20 g, Antioxidant 200mg, Vit
K3 10 g and Vit C 35 g.

d Vitaminmix kg−1= calcium phosphate (monobasic) 397.65 g, Calcium lactate 327 g,
Ferrous sulfate 25 g, Magnesium sulfate 137 g, Potassium chloride 50 g, Sodium chloride
60 g, Potassium iodide 150 mg, Copper sulfate 780 mg, Manganese oxide 800 mg, Cobalt
carbonate 100 mg, Zinc oxide 1.5 g and Sodium selenite 20 g.

e NFE = nitrogen free extract (1000-{Moisture + Protein + Lipid + Ash + Fiber}).
f GE = gross energy measured using bomb calorimeter, Parr 1356 bomb calorie.
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regulation of immune regulatory genes, particularly the innate immune
regulatory system which is the first line of defense. In fish, attention
has been focused on TGF-β1 gene and the nuclear factor kappa-
light-chain-enhancer of activated β-cell or NF-κ B (Awad et al.,
2011). The present study was carried out to determine the influence
of selected dietary prebiotics and probiotics on growth perfor-
mance, feed utilization & body indices; nutrient digestibility & di-
gestive enzyme activities of C. striata fingerlings and the duration
of their effectiveness for a specified period of post-feeding without
any supplementation. In addition, the response of the fish innate im-
mune system with respect to the mRNA expression of the TGF-β1
and NF-κ B genes to the dietary intake of the selected probiotics
and prebiotics was also investigated.

2. Methodology

2.1. Experimental fish and husbandry conditions

The study was conducted at the Aquaculture Research Complex in
Universiti Sains Malaysia (USM), Penang, Malaysia. A total of 10,000
snakehead fries (1.5 cm) was purchased from the local fish farm
and raised on Artemia cysts (OSI brand, USA) followed with tubiflex
worms (purchased daily from the local aquarium shop) till they
achieved 3 cm in length. The fish were then weaned to artificial feed
by first feeding them with custard made of local fish meal and chicken
egg yolk for a further 3 weeks before finally feeding them with a com-
mercial sea bass pellet containing 43% crude protein and 6% crude
lipid. The experimental fish (Av. wt. 22.40 g ± 0.06) were then stocked
in 12 outdoor cement tanks (2m × 1m × 0.5 m) at the rate of 400 fish/
tank. Water temperature and pHwere recorded twice daily and ranged
between26.52 °C±0.31 to 28.27 °C±0.22, and 6.6±0.08 to 7.3±0.10
respectively.

2.2. Diet preparation

A non-supplemented control diet and five experimented diets
supplemented with three prebiotics, 0.2% β-glucan (Macrogard(R)),
1% galacto-oligosaccharides (Vivinal(R) GOS syrup, Friesland Campina
Domo, Netherland), 0.5% mannan-oligosaccharides (Alltech(R), Actigen
1, USA), and two probiotics, 1% live yeast (S. cerevisiae, Alltech(R), YEA-
SACC 1026, USA) and 0.01% L. acidophilus powder (SigmaR LBA-
108 CFU) were formulated (Table 1). All diets contained 40% protein
and 12% lipid. The six diets were prepared using a composite pelletizer
(Model: KL5M, China) at Fisheries Research Institute, Pulau Sayak,
Kedah and dried at 35 °C for 48 h and stored at−20 °C frozen tempera-
ture. The feed ingredients and proximate composition of diets (Table 1)
were analyzed as described in AOAC (1997).

2.3. Feeding trials

The feeding trial was divided into twophases. Phase 1 involved feed-
ing with the six experimental diets respectively, for 16 weeks followed
by Phase 2, referred to as the post-feeding trial period, in which the fish
in all treatments were fed the non-supplemented control diet for a
further 8 weeks. This was done to evaluate the efficacy of prebiotics
and probiotic intake in Phase 1. In both phases, fishwere fed to satiation
three times daily.

2.4. Growth performance

Fish weight was taken fortnightly in Phase 1 from the 4th week of
the feeding treatment and weekly in Phase 2. During each sampling,
three groups of twenty fish were collected randomly from each repli-
cate tank and weighed. The relative growth (RG); the specific growth
rate (SGR), survival rate (SR) and for feed utilization, the protein
efficiency rate (PER), food conversion ratio (FCR) was calculated
according to following formula (Busacker et al., 1990; Ahmed et al.,
2002; Abdel-Tawwab et al., 2008, USAID, 2011).

RG %ð Þ : Final weight−Initial Weight=initial weightf g � 100ð Þ:

SGR %ð Þ : lnfinal weight− lninitial weight=nos:of daysð Þ � 100:

SR %ð Þ : Final Number of Fish=Initial Number of Fishð Þ � 100f g:

PER : Final Weight−Initial Weightð Þ=Protein Intakef g:

FCR : Total Feed Consumption=Weight Gain of Fishð Þ:

The hepatosomatic index (HSI), visceral somatic index (VSI) and
intraperitoneal fat (IPF) were determined by sacrificing nine fishes per
replicate tank at the end of Phase 1 and Phase 2, respectively, using
the following formula (Busacker et al., 1990).

HSI %ð Þ : Liver Weight=Fish Weightð Þ � 100f g:

VSI %ð Þ : Viscera Weight=Fish Weightð Þ � 100f g:

IPF %ð Þ : IPF Weight=Fish Weightð Þ � 100f g:

2.5. Relative protein digestibility assays

Relative Protein Digestibility (RPD) was determined in vitro using
the pH drop method described by Lazo et al. (1998). Crude enzyme
was extracted according to the modified method of Chisty (2005). At
the end of Phase 1 and Phase 2, respectively, twenty seven fishes were
randomly collected from each replicate tank after 4 h of feeding,
sacrificed and placed on blocks of ice to collect the intestines. The pro-
tein suspensionmixtures (6.25mg/ml) were used to determine the rel-
ative protein digestibility (Saterlee et al., 1979; Sharifah et al., 2014). The
protein concentration was measured by using Bradford (1976) with
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Bovine Serum Albumin (BSA) as standard. Casein was used as standard.
RPD was calculated as follows:

Relative Protein Digestibility RPDð Þ
¼ −ΔpH feedstuffð Þ= −ΔpH caseinð Þf g � 100:

2.6. Digestive enzyme assays

Protease, amylase and lipase enzyme activities were determined in
digestive enzyme assays using the same crude enzyme samples extract-
ed from the fish intestine during determination of the relative protein
digestibility. The specific protease activities were determined using ca-
sein digestion method modified by Chong et al. (2002) as described by
Walter (1984). The one unit of specific protease activity was defined
as the amount of enzyme needed to release one micromole tyrosine
per minute per milligram protein of the enzyme extract. The specific
amylase activities were determined according to Worthington (1993)
method described by Akter et al. (2015). It was measured by one unit
of amylase activity was defined as the amount of micromoles maltose
released per minute per milligram protein. The specific lipase enzyme
was determined according to Bier (1955) method modified by Natalia
et al. (2004) as described by Akter et al. (2015). It was done as the vol-
ume of 0.01MNaOH required to neutralize the fatty acid release during
the 4 h incubation period with the substrate and after correction with a
blank. The protein concentration of extracted crude enzymes was mea-
sured by using Bradford (1976) with Bovine Serum Albumin (BSA) as
standard. The digestive enzyme assay was performed at the end of
8 weeks and 16 weeks in the Phase 1; and at the end of Phase 2.

2.7. Gene expression

The present study evaluated the influence and the duration of effec-
tiveness of prebiotics (β-glucan, GOS and MOS) and probiotics (yeast
and L. acidophilus) on the expression of immune-regulatory genes
(TGF-β1 and NF-k B) in snakehead (C. striata). The primer sequence of
two genes was collected from the relevant literature (Hernandez et al.,
2013; Amy, 2011). Beta Actin (β-Actin) was used as reference gene
Weizhang and Qionglin (2008). Conventional PCR was used to verify
the correct amplification of two immune regulatory and house-
Table 2
Detail feeding trial in the study.

Phase Period Feeding
treatments

Feeding ma

Phase 1 0 to 8 weeks (initial) Treatment 1 Fish fed wi
Treatment 2 Fish fed wi
Treatment 3 Fish fed wi
Treatment 4 Fish fed wi
Treatment 5 Fish fed wi
Treatment 6 Fish fed wi

Phase 1 8–16 weeks
(middle and end of 1st phase)

Treatment 1 Fish fed wi
Treatment 2 Fish fed wi
Treatment 3 Fish fed wi
Treatment 4 Fish fed wi
Treatment 5 Fish fed wi
Treatment 6 Fish fed wi

Phase 2 Following 8 weeks or continuous
after 16 weeks to 24 weeks

Treatment 1 Fish in con
Treatment 2 Fish in β gl
Treatment 3 Fish in GOS
Treatment 4 Fish in MO
Treatment 5 Fish in live
Treatment 6 Fish in LBA

β-glucan = beta glucan as prebiotics feed supplement.
GOS = glacto-oligosaccharides as prebiotics feed supplement.
MOS = manna-oligosaccharides as prebiotics feed supplement.
Live yeast = Saccharomyces cerevisiae as prebiotics feed supplement.
LBA = Lactobacillus acidophilus as prebiotics feed supplement.
keeping genes. All sequences (Table 2) were confirmed using NCBI nu-
cleotide BLAST software (bhttp://blast.ncbi.nlm.nih.govN).

RNA extraction and real time qPCR

The total RNA was extracted from the head kidney of the individual
fish as this tissue is proven to have the highest mRNA for immune re-
sponse (Uma et al., 2015; Hernandez et al., 2013; Feng et al., 2009;
Weizhang and Qionglin, 2008). Six fishes were randomly collected
from each replicate tank making six groups and were sacrificed to
collect the head kidney. All dissections were performed on blocks of
ice and at 20 °C room temperature. The RNA was extracted using the
protocol of easy spin™ (DNA free) Total RNA Extraction Kit (Cat No.
17221. iNtRON Biotechnology, Inc). The quality and quantity of purified
RNA were checked using Nanodrop (Quawell, UV Spectrophotometer,
Q3000, Taiwan) measuring at OD 260/280. Furthermore, the quality
was checked by separation on an agarose gel, as described by Liu et al.
(2002).

The expression of two immune regulatory genes (Table 3) was de-
termined using real-time qPCR. The qPCR reactionwas done in triplicate
in a final volume of 20-μl by using the guidelines of manufacturer i.e. i-
Green™ One Step qRT-PCR Kit (S) (Cat No. 25109. iNtRON Biotechnolo-
gy, Inc.). The amplification was carried out with a systematic negative
control (non-template control) by using BIO-RAD qPCR machine
(Model CFX96™ Real-Time System).

The expressionwas normalized againstβ-Actin and presented as the
relative expression compared with the non-treated control sample. Gel
electrophoresis was used to verify the correct amplification. All the CT-
valueswere exported to the spread sheet format, and thesewere further
analyzed for measuring the gene expressing using the relative quantifi-
cation 2−ΔΔC

T method as stated by Schmittgen and Livak (2008).

2.8. Statistical analysis

Data were analyzed using one way analysis of variance (ANOVA).
Multiple comparisons were performed with Duncan's test to analyze
the differences between treatment means to be significant at 95% confi-
dence level using SPSS software. The study also performed the two way
ANOVA (P b 0.05) to measure the effect of diet and time on growth
performance, nutrient digestibility and expression of two immune reg-
ulatory genes.
nagement Replicate number

th control diet Each feeding treatment had 3 biological
replicates 400 fishes/replicateth β glucan compared to control

th GOS compared to control
th MOS compared to control
th live yeast compared to control
th LBA compared to control
th control diet
th β glucan compared to control
th GOS compared to control
th MOS compared to control
th live yeast compared to control
th LBA compared to control
trol tank fed with control (continue)
ucan feeding trials fed with control
feeding trials fed with control

S feeding trials fed with control
yeast feeding trials fed with control
feeding trials fed with control



Table 3
Primers (with accession number in NCBI) used for Real Time qPCR analysis.

Transcript Primer sequence (5′–3′) Fragment (bp) Accession no.

TGF-β1-F AACTACTGCATGGGGTCCTG 174 BC16236.1
TGF-β1-R GGACAATTGCTCCACCTTGT
NF-κ B-F CTTCAGGTTCCGTTATGGGTGTGA 78 LN590714.1
NF-κ B-R ATGACTTCCTGTTCTTCTCGCTGG
β-Actin-F CACTGTGCCCATCTACGAG 196 KC967219.1
β-Actin-R CCATCTCCTGCTCGAAGTC
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3. Results

3.1. Growth performance

Supplementationwith the prebiotics andprobiotics tested improved
growth performance, feed utilization and survival of C. striata finger-
lings compared to the control. The values of growth performance, feed
utilization and survival of C. striata fingerlings were all significantly im-
proved relative to the control at 8 weeks and 16weeks of supplementa-
tion, respectively (Table 4). Although the growth performance and the
feed utilization decreased in the 2nd Phase of the study, values
remained significantly higher than the control.

At the end of the Phase 1, fish maintained on the LBA supplemented
diet had the significantly highest RG (400.45%) and the SGR (1.44) com-
pared to all test diets. However, both the probiotics tested (LBA and
Yeast) performed better than the prebiotics (β-glucan, MOS and GOS).
The relative growth (RG) and the specific growth rate (SGR) among
the fish fed the three prebiotics did not differ significantly (P b 0.05)
at the end of the Phase 1. Although specific growth rate (SGR) trends
in Phase 2 were similar to Phase 1 for all treatments tested, values
were significantly lower. At the end of the Phase 2 (Fig. 1), highest RG
(606.24%) and SGR (1.16) were observed in the LBA feeding trial,
followed by yeast (RG = 528.44%; SGR = 1.09), β-glucan (RG =
367.91%; SGR = 0.92), MOS (RG = 342.12%; SGR = 0.88), GOS
(RG = 302.50%; SGR = 0.83) and control (RG = 246.86%; SGR =
0.74). SGR values decreased depending on the type of supplemented
feed intake. The specific growth rate of the fish fed with LBA supple-
mented diets dropped drastically 6 weeks into Phase 2 while that of
fish on the yeast diet dropped earlier i.e. by the 5th week. Fish in all
the 3 prebiotic fed groups could only maintain the specific growth
rates up to the 4th week of Phase 2 (Fig. 1) and by the end of
Table 4
Growth performance, feed utilization and survival of Channa striata fingerlings.

Parameters/feeding phase Control β glucan

Initial weight in g Initial 22.42 ± 0.07 22.38 ± 0.07
Weight gain in g Phase 1_8W⁎ 29.97 ± 0.1a 39.12 ± 0.3c

Phase 1_16W⁎ 49.09 ± 0.3a 78.09 ± 2.2b

Phase 2_8W⁎⁎ 77.8 ± 0.6a 104.7 ± 1.5d

RG Phase 1_8W⁎ 33.71 ± 0.3a 74.78 ± 0.9c

Phase 1_16W⁎ 118.97 ± 0.9a 248.91 ± 10.0b

Phase 2_8W⁎⁎ 246.86 ± 1.9a 367.91 ± 5.5d

SGR Phase 1_8W⁎ 0.52 ± 0.01a 1.00 ± 0.01d

Phase 1_16W⁎ 0.70 ± 0.01a 1.12 ± 0.03b

Phase 2_8W⁎⁎ 0.74 ± 0.01a 0.92 ± 0.01d

FCR Phase 1_8W⁎ 2.06 ± 0.1d 1.56 ± 0.02b

Phase 1_16W⁎ 1.90 ± 0.01e 1.50 ± 0.02c

Phase 2_8W⁎⁎ 1.78 ± 0.03c 1.71 ± 0.02c

PER Phase 1_8W⁎ 1.17 ± 0.05a 1.60 ± 0.00de

Phase 1_16W⁎⁎ 1.29 ± 0.01a 1.64 ± 0.02c

Phase 2_8W⁎ 1.37 ± 0.02a 1.44 ± 0.02a

Survival % Phase 1_8W⁎ 92.12 95.75
Phase 1_16W⁎ 80.63 93.25
Phase 2_8W⁎⁎ 80.00 88.75

Each value is the mean (±SD, n = 6). Superscripts in each row represent significant (P b 0.05
⁎ Feeding treatments with supplementation and control diet, respectively.
⁎⁎ Treated fish fed with a control diet only for the next 8 weeks.
Phase 2, all values among the prebiotic treatments were not signifi-
cantly different.

Feed conversion ratio (FCR) values after prebiotics and probiotics
intake were lower significantly (P b 0.05) compared to the control in
the 8th week of Phase 1; the values improved further by the end of
Phase 1 for each respective treatment. In this period, fish fed with the
LBA treatment recorded the lowest significant different value (1.24)
followed by the live yeast (1.35), β-glucan (1.50), MOS (1.61) and
GOS (1.62) treatments. By the end of Phase 2, all FCR values for each
supplemented treatment increased significantly (P b 0.05) compared
to values at the end of Phase 1 and at the 7th week of Phase 2. Fish fed
with LBA supplemented diets showed the best FCR performance in the
both phases. The trend in protein efficiency ratio (PER) values of fish
fedwith the prebiotics and probiotics feed supplementswas the reverse
of FCR values. The highest significant PER value was measured in LBA
(1.99) at the end of Phase 1 followed by the yeast (1.82), β-glucan
(1.64), MOS (1.53) and GOS (1.51); while at the end of Phase 2, the
values of PER in all treatments decreased significantly (P b 0.05). Fish
fed with the 3 prebiotics and the control did not show any significant
differences at the end Phase 2 (Table 4).

The highest survival was observed in the fish fed with the LBA treat-
ment (97.50%), followed by live yeast (96.75%),β-glucan (93.25%),MOS
(92.63%) and GOS (91.25%) at the end of the Phase 1. No mortalities
were recorded in the two probiotics supplemented treatments from
week 4 of Phase 1 until the end of Phase 2 (Table 4). Visceral somatic
index (VSI), hepatosomatic index (HSI) and intraperitoneal fat (IPF)
also increased significantly (P b 0.05) at the end of Phase 1; but de-
creased at the end of Phase 2 (Fig. 2) for all treatments. Intake of the
three prebiotics did not show any significant difference in the VSI values
at the end of the Phase 1 and the values were lower than the two
probiotics for the same period. However, by the end of Phase 2, the
VSI values for both prebiotics and probiotics treatments did not differ
significantly (Fig. 2). The value of HSI was significantly (P b 0.05)
highest in the fish fed with the LBA at the end of Phase 1, followed by
yeast, β-glucan, MOS, GOS and control. The HSI trend differed slightly
in Phase 2 when the treated fish with the yeast had the highest signifi-
cant HSI value followed by LBA and the other 3 prebiotics. At the end of
the second Phase, the HSI values of all treated fish remained higher
compared to the fish fed with the control since Phase 1. In both Phases,
fish fed with the control diet had the highest significant (P b 0.05) IPF
compared to the fish fed with the supplemented diets. The values of
GOS MOS Live yeast LBA

22.38 ± 0.07 22.41 ± 0.06 22.39 ± 0.05 22.42 ± 0.05
36.67 ± 0.8b 38.14 ± 1.1c 43.87 ± 1.4d 48.06 ± 1.2e

68.95 ± 1.6b 73.60 ± 1.9b 101.27 ± 2.2c 112.20 ± 2.2d

90.1 ± 4.4b 99.1 ± 6.8c 140.7 ± 3.1e 158.34 ± 7.4f

63.89 ± 3.3b 70.21 ± 4.8c 95.95 ± 5.6d 114.35 ± 5.4e

246.87 ± 9.3b 240.40 ± 9.8b 352.39 ± 9.7c 400.45 ± 10.2d

302.5 ± 19.4b 342.12 ± 30.1c 528.44 ± 14.1e 606.24 ± 32.6f

0.88 ± 0.01b 0.95 ± 1.0c 1.20 ± 1e 1.36 ± 0.01f

1.11 ± 0.02b 1.09 ± 0.03b 1.35 ± 0.02c 1.44 ± 0.02d

0.83 ± 0.03b 0.88 ± 0.4c 1.09 ± 0.01e 1.16 ± 0.03f

1.78 ± 0.1c 1.75 ± 1.0c 1.57 ± 0.04b 1.47 ± 0.03a

1.62 ± 0.07d 1.61 ± 0.07d 1.35 ± 0.09b 1.24 ± 0.08a

1.75 ± 0.01c 1.74 ± 0.01c 1.60 ± 0.12b 1.53 ± 0.03a

1.37 ± 0.08b 1.40 ± 0.09b 1.55 ± 0.05c 1.65 ± 0.05d

1.51 ± 0.06b 1.53 ± 0.07b 1.82 ± 0.12d 1.99 ± 0.14e

1.40 ± 0.01a 1.41 ± 0.01a 1.54 ± 0.12b 1.60 ± 0.03c

93.38 93.88 96.75 97.50
91.25 92.63 96.75 97.50
86.50 87.50 96.75 97.50

) differences among the treatments tested



Fig. 1. Specific growth rate of Channa striata fingerlings. CT= control without any supplementation; BG= feed with β-glucan; GS = feed with glacto-oligosaccharides; MS= feed with
mannan-oligosaccharides; YT = feed with live yeast; LB = feed with Lactobacillus acidophilus. Significance (P b 0.05) among the feeding trial with times.
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IPF were significantly (P b 0.05) higher in fish fed with the probiotics
compared to the fish fed with the prebiotics (Fig. 2).

3.2. Nutrient digestibility and digestive enzyme activities

The supplemented diets had a positive effect on the relative protein
digestibility (RPD) of the test diets in C. striata fingerlings (Fig. 3). The
values of RPD in Phase 1 and 2 were higher significantly (P b 0.05)
in the fish fed with the probitics compared to fish fed with prebiotics,
significantly highest in fish fed with LBA supplements. Like growth
Fig. 2. Effect on body indices: (2A) visceral somatic index; (2B) hepatosomatic index; (2
supplementation; BG = Feed with β-glucan; GS = Feed with glacto-oligosaccharides; MS
Lactobacillus acidophilus. Each value is the mean (+SD) of six replicates. *Feeding treatmen
diet only for the next 8 weeks. Each value is the mean (+SD, n = 6). Superscripts in each row
performance, the RPD values of the supplemented diets started to in-
crease significantly from the 8th week of Phase 1, and it continued
until the end of Phase 1. At the end of Phase 2, the values of RPD of all
treated fish were significantly (P b 0.05) reduced; however the RPD
values remained better compared to the fish fed with the control since
the initial week of Phase 1. At all interval tested, fish fed the LBA supple-
mented diet the highest performance of RPD in both phases.

Amylase, protease and lipase specific activities were significantly
higher in fish fedwith the probiotics compared to those on the prebiotic
supplemented diets in both phases (Table 5). In the first Phase, the
C) intraperitoneal fat for Channa striata fingerlings. Note: CT = control without any
= Feed with mannan-oligosaccharides; YT = Feed with live yeast; LB = Feed with

ts with supplementation and control diet, respectively. **Treated fish fed with a control
represents significant (P b 0.05) differences among the treatments tested.



Fig. 3.Effect of prebiotics andprobiotics on relative proteindigestibility. *Feeding treatmentswith supplementation and control diet, respectively. **Treatedfish fedwith a control diet only
for the next 8 weeks. Each value is the mean (+SD, n = 6). Superscripts in each row represents significant (P b 0.05) differences among the treatments tested.
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highest amylase (2.79 U/mg), protease (0.90 U/mg) and lipase
(10.69 U/mg) activities were in the LBA treatment, followed by
yeast, β-glucan, MOS and GOS treatments (Table 5), this trend remained
unchanged by the end of Phase 2. Among the three enzyme activities, the
lipase activity was found highest compared to the amylase and protease
enzyme activities. At the end of the 2nd Phase, the trend among the treat-
ment remained unchanged, but valueswere significantly (P b 0.05) lower
than those in Phase 1 (Table 5).

3.3. Expression of immune regulatory genes

The expression of immune-regulatory genes was significantly
(P b 0.05) up-regulated in the fish fed with the supplemented diets
(Fig. 4 and Fig. 5). At the end of Phase 1, the expression of transforming
growth factor beta 1 (TGF β1) was significantly (P b 0.05) higher in the
fish fed with the probiotics compared to the fish fed with the prebiotics
(Fig. 4). The LBA supplemented diet was found to have the highest sig-
nificant (P b 0.05) up-regulation of the TGF β1 gene at the end of Phase
1, followed by the yeast, β glucan, MOS and GOS. There was no signifi-
cant (P N 0.05) difference in the up-regulation of this gene between
thefish fedwith theMOS andGOS at the endof Phase 1 (Fig. 4). Theper-
formance trend of TGF β1 expression remained unchanged at the end of
Phase 2 except the values were lower compared to Phase 1.

Similarly, the nuclear factor kappa beta (NF κ B) was also up-
regulated in the supplemented feeding trials (Fig. 5) at the endof Phases
1 and 2. Although the pattern of expression in Phase 2 was similar to
Phase 1, the relative expression of NF κ B gene was lower in Phase 2.
The fish fed with LBA supplementation resulted the highest NF κ B
gene expression in the both Phases, followed by yeast, β glucan, MOS
Table 5
Digestive enzymes (amylase, protease and lipase) activities of Channa striata fingerlings.

Phase_period Enzymes Control β-glucan

Phase 1_8W⁎ Amylase (U/mg) 1.77 ± 0.06a 2.22 ± 0.16d

Protease (U/mg) 0.63 ± 0.12a 0.75 ± 0.13d

Lipase (U/mg) 6.19 ± 0.42a 8.16 ± 0.13b

Phase 1_16W⁎ Amylase (U/mg) 2.09 ± 0.03a 2.49 ± 0.05c

Protease (U/mg) 0.70 ± 0.06a 0.86 ± 0.19c

Lipase (U/mg) 7.09 ± 0.16a 9.54 ± 0.73bc

Phase 2_8W⁎⁎ Amylase (U/mg) 2.09 ± 0.11a 2.46 ± 0.09c

Protease (U/mg) 0.70 ± 0.11a 0.84 ± 0.25c

Lipase (U/mg) 7.02 ± 0.21a 9.27 ± 0.70bc

Each value is the mean (±SD, n = 6). Superscripts in each row represent significant (P b 0.05
⁎ Feeding treatments with supplementation and control diet, respectively.
⁎⁎ Treated fish fed with a control diet only for the next 8 weeks.
and GOS. There was no significant difference (P b 0.05 / P N 0.05)
among the three prebiotics on the NF κ B gene expression in both
Phases, although values were lower than the Phase 2.

Overall, the two-way ANOVA result confirmed that both diet and
time significantly (P b 0.05) influenced growth performance, feed utili-
zation, nutrient digestibility and the expression of immune regulatory
gene; but supplemented diets played a dominant role (Table 6) com-
pared to time. The interaction between diet and time did not influence
significantly amylase activities (F= 0.86, p = 0.573, r2 = 0.993), lipase
activities (F = 1.30, p = 0.244, r2 = 0.993), and the expression of TGF
β1 (F = 2.22, p = 0.063, r2 = 0.993) and NF κ B (F = 0.45, p = 0.807,
r2 = 0.993) genes.

4. Discussion

This study is a follow up to a previous study by Talpur et al. (2014)
who determined the growth response and blood parameters against
Aeromonas hydrophila infection in C. striata fingerlings fed the same
probiotics and prebiotics but for 8 weeks. Generally both the probiotics
tested performed better than the prebiotics and with the exception of
MOS and GOS, the results for the same feeding duration are consistent
with Talpur et al. (2014). The better growth performance of fish fed
the MOS supplemented diet over that of GOS observed here could be
due to the higher inclusion level of 0.5% MOS instead of 0.2% used pre-
viously. It is well established that intake of both probiotics and prebi-
otics cause the production of bioactive microbial metabolites such as
vitamins, bioactive peptides, organic acids or fatty acids during fermen-
tation (Stanton et al., 2005). These in turn enhance overall nutrient di-
gestion in the gut and subsequently improve growth rates. Generally,
GOS MOS Live yeast LBA

2.06 ± 0.10b 2.12 ± 0.04c 2.50 ± 0.11e 2.58 ± 0.05f

0.69 ± 0.20b 0.72 ± 0.17c 0.78 ± 0.12c 0.80 ± 0.14e

7.49 ± 0.61b 7.70 ± 0.37b 9.29 ± 0.31c 9.68 ± 0.14c

2.32 ± 0.12b 2.34 ± 0.14b 2.68 ± 0.02d 2.79 ± 0.13e

0.82 ± 0.17b 0.83 ± 0.29b 0.87 ± 0.09c 0.90 ± 0.13d

9.03 ± 0.32b 9.25 ± 0.49b 9.91 ± 0.29c 10.69 ± 0.53d

2.24 ± 0.19ab 2.28 ± 0.80bc 2.66 ± 0.19d 2.79 ± 1.25d

0.78 ± 0.0.07b 0.80 ± 0.12b 0.87 ± 0.10cd 0.88 ± 0.09d

8.86 ± 0.0.63b 9.17 ± 0.62bc 9.72 ± 0.51cd 10.16 ± 0.40d

) differences among the treatments tested.



Fig. 4. Effect of a single dose of selective prebiotics and probiotics on head kidney expression of TGF-β1 mRNA transcripts. *Feeding treatments with supplementation and control diet,
respectively. **Treated fish fed with a control diet only for the next 8 weeks. Each value is the mean (+SD, n = 6). Superscripts in each row represents significant (P b 0.05)
differences among the treatments tested.
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studies on freshwater fishes such as Pangasianodon hypophthalmus
(Akter et al., 2015), Asian common carp (Dhanaraj et al., 2010) and
Clarias gariepinus (Al-Dohail et al., 2009) have shown that probiotics
perform better than prebiotics and this has been attributed to the direct
influence of the live microorganisms in the probiotics (Paola and Dariel,
2014; Ringo and Galewoupe, 1998) on the gastrointestinal wall which
causes a more enhanced fermentation rate (Gill, 1998) in the lumen
versus the indirect mechanism of action of prebiotics. In the case of
L. acidophilus supplementation, the direct increase of its population in
the gut could have replaced not only the pathogenic bacteria but they
also produced nutrients and stimulated the release the digestive
enzymes (Cüneyt et al., 2008). This is supported by the higher gut diges-
tive enzyme activities in fish fed with the LBA supplemented diets
(Table 5) compared to those on live yeast and the better relative protein
digestibility (Fig. 3) in the LBA treated fish. In contrast, the influence of
live yeast appears more time dependent for yeast colonies to be formed
on the intestinal wall (Waché et al., 2006; Vázquez-Juárez et al., 1997,
Andlid et al., 1998; Vázquez-Juárez et al., 1994) and for the gut to ma-
ture. Studies in rainbow trout (Aubin et al., 2005a; Gatesoupe et al.,
2005a;Waché et al., 2006; Andlid et al., 1995) have shown thatmaximal
Fig. 5. Effect of a single dose of selective prebiotics and probiotics on head kidney of NF-k B mR
**Treated fish fed with a control diet only for the next 8 weeks. Each value is the mean (+SD,
treatments tested.
colonization of live yeast in the gut occurs during thefirst month of con-
tinued intake and can continue up to 5 months.

Structural differences among the prebiotics, β-glucan being an un-
branched homopolysaccharide structure while both MOS and GOS are
branched heteropolysaccharides, may have caused the different re-
sponses observed among the prebiotics tested. Based on the higher am-
ylase specific activity, the former appeared more easily digested in the
gut compared to the latter two prebiotics, after 8 weeks and subse-
quently resulting in a significantly better protein digestibility in the β-
glucan treatment as gut fermentation matures. It is also evident from
this study that these differences occurred only in the early stages of pre-
biotic intake because byWeek-16, amylase specific activities in theMOS
and GOS treatments were no longer significantly different and that dif-
ferences with the β-glucan treatment although significant, was smaller
than atWeek-8. Indeed, relative protein digestibility among these three
feed supplements were no longer significantly different during this
period. As expected, growth trends in Phase 1 of the study are also
reflected in the FCR and PER values similar to observations in hybrid
striped bass (Li and Gatlin, 2005), rainbow trout (Staykov et al., 2007),
European sea bass (Torrecillas et al., 2007) and red drum (Zhou et al.,
NA transcripts. *Feeding treatments with supplementation and control diet, respectively.
n = 6). Superscripts in each row represents significant (P b 0.05) differences among the



Table 6
Two-way ANOVA analysis showing the F and P values (the mean difference is significant at the P b 0.05) depending on diet and time.

Factor GG RG SGR FCR PER RPD Amylase Protease Lipase TGF β1 NF k B

Diet F-value 770.04 784.04 1190.59 137.89 115.99 373.05 151.71 214.11 88.04 486.27 400.25
P-value b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001

Time F-value 5339.55 5445.71 460.34 72.02 79.20 420.02 73.26 276.00 49.15 34.36 7.74
P-value b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 0.007

Interaction F-value 115.32 117.43 45.47 11.40 11.34 5.84 0.86 2.81 1.30 2.22 0.46
P-value b0.001 b0.001 b0.001 b0.001 b0.001 b0.001 0.573 0.004 0.244 0.063 0.807

GG = growth gain; RG = relative growth; SGR = specific growth rate; FCR = feed conversion ratio; PER = protein efficiency rate; RPD = relative protein digestibility; TGF β1 =
transforming growth factor beta; NF k B = nuclear factor kappa-B. Individual feeding trial (diet), rearing weeks (time) and both were influenced significantly (P b 0.05) higher except
both feed and time did not influence significantly for Amylase, Lipase and Immune regulatory genes (presented in bold).
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2010) and fish survival. Hence, this study suggests that prolonged feed-
ing up to 16 weeks with prebiotics had a positive effect on nutrient di-
gestibility and growth performance, but this advantage is lost once
prebiotic supplementation is removed.

Visceral somatic index (VSI), hepatosomatic index (HSI) and intra-
peritoneal fat (IPF) indicates food value (Keri et al., 2014) and feeding
prebiotics and probiotics had a positive influence on these body indices.
In this study, VSI and HSI were significantly higher in fish fed with die-
tary prebiotics and probiotics compared to fish fed the control diet, sim-
ilar to Ahmad et al. (2012) and Gümüs and Ikiz (2009). On the other
hand, IPF was higher in fish fed with the control diet compared to all
the supplemented diets, probable due to a more efficient lipid digestion
and assimilation in the diets containing prebiotics and probiotics.

The efficacy after dietary intake of probiotics and prebioticswas inves-
tigated by extending the feeding trial at the end of Phase 1 for another
8weeks using only the control diets (Phase 2) andmonitoring the specific
growth rates. Growth performance remained higher than the initial
weeks of Phase 1 and continued until Week-4 for the prebiotic treat-
ments while that live yeast and LBA dipped after Week-5 and Week-6,
respectively. Similarly, all other growth and feed utilization parameters
paralleled the specific growth rate trends for all treatments.

The association between dietary probiotic and prebiotic with the
immune system is well documented (Hernandez et al., 2013). However,
although Zduñczyk and Pareek (2009) showed that they have the ca-
pacity to modify gene expression and modulate fish immune system
(Montero et al., 2008), the molecular mechanisms involved upon die-
tary intake of prebiotics and probiotics remains poorly understood.
The present research evaluated two immune regulatory genes, the
transforming growth factor (TGF) β1 and nuclear factor (NF) k B, in re-
lation to dietary prebiotics and probiotics. The data demonstrated that
the expression of these genes, altered significantly in fish fed the exper-
imental diets containing prebiotics and probiotic compared to the group
of fish fed the control diet. The overall order of expression of TGF β1
gene expression was LBA N Yeast N β-glucan N MOS ≥ GOS, while that
of NF κ B genewas LBA N Yeast N β-glucan ≥MOS ≥GOSwith the control
being significantly lowest at the end of Phase 1. These are similar to the
performance trend of growth described earlier. These results provide
further support to the nutrigenomic principle that nutrients in the for-
mulated feed are dietary signalswhich can be detected by a cellular sen-
sor system, influencing gene and the protein expression, and
subsequently produce metabolites (Müller and Kersten, 2003) which
enhance the quality of the mRNA of immune regulatory genes such as
transforming growth factor (TGF) β1, interleukin (IL)-1, interleukin
(IL)-8, interleukin (IL)-10, nuclear factor (NF) κ B (Miyazaki et al.,
1997; Letterio and Roberts, 1998; Gilmore, 2006). The metabolites pro-
duced are also reported to act as biological response modifiers (Dallard
et al., 2007; Bhon, 1995), immunomodulatory (Chanpul et al., 2012;
Novak and Vetvicka, 2009) as well as have immunostimulant roles
(Meena et al., 2013) which enhance the production of cytokins to
stimulate the NK- cells, B-cells and T-cells in preparation for pathogenic
infection (Bunselmeyer and Buddendick, 2010). Although up-regulation
of the TGF β1 and NF κ B genes continued in Phase 2 when the fish
were no longer fed the supplemented diets, the significantly lower values
observed in this phase indicate that sustaining the benefits attained upon
ingestion of the probiotics and prebiotics becomes time dependant once
supplementation ceases.

In conclusion, the results obtained from the present study have
shown that supplementation with LBA is best for growth and the ex-
pression of immune regulatory genes of C. striata fingerlings regardless
of feeding duration unlike the prebiotic treatments whose early differ-
ences no longer became significant by the time feeding was extended
to 16 weeks. There was no significant difference in the performance of
the different probiotics after 16 weeks, however the prebiotics supple-
mented fish still performed significantly better than the control.
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