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SUMMARY

his study is designed to investigate the combined effect of two kinds of commercial probiotic with or
without artificial substrate in a periphyton based system on growth performance, feed utilization and
chemical body composition on Nile tilapia (Oreochromis niloticus). Twelve thousands nine hundred
and sixty (12960) Nile tilapia fingerlings with initial weight (1.86g) were used for 105 days. The
experiment was carried out as factorial arrangement (2x3) experimental treatments. Two levels of additional
periphyton substrate area (S°*, S®®"%) of tank surface were tested where the superscripts refer to artificial
substrate levels of 0%, 66.67% of tank area (each of 24 m®) and three supplementation levels of probiotic (0%
without supplementation of probiotic (pro0) and two different commercial probiotic each one supplemented to
the basal diet with the recommended level mentioned by the producer 0.1g/kg for the first (Ecobiol Aqua plus®)
(pro1) ,2g/kg for the second (Biogen®) (pro2). Each treatment has three replicate of concrete tanks representing
18 concrete tanks (24 m3each, 8m length x3m width x 1m depth). 720 fingerlings were reared in each concrete
tank; fish fed basal diet twice a day. The optimum growth performance and feed utilization of Nile tilapia
fingerlings were obtained at artificial substrate S%®%7% in periphyton based system with the second probiotic
(Biogen®) suggesting that periphyton should be a part of the diet of fish at commercial and applicable scale.
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INTRODUCTION

There is an urgent need to explore sustainable farming methods in different fish culture to increase
fish productivity concerning environmental challenges (Anand et al., 2015) .Therefore, Adding substrates
in fish ponds, can increase the production of fish when compared with systems without substrate
(Keshavanath et al., 2001; Van Dam et al., 2002; Amisah et al., 2008).

Periphyton is an eco-friendly approach in aquaculture, its complex of micro algae heterotrophic
bacteria, benthic organisms and detritus developed over submerged substrate in aquatic systems (Azim et
al ., 2005). This natural food is grazed directly by many omnivorous and herbivorous fish as a basic
source of food (Azim et al., 2001) , it is practiced successfully in fin fish like Major carp (Keshavanath et
al., 2004; Keshavanath and Gangadhar 2005; Wahab et al., 1999a,b) Tilapias (Hem and Avit 1994;
Huchette and Beveridge 2003; Huchette et al., 2000; Milstein et al., 2005,2009) ; giant fresh water Prawn
(Asaduzzaman et al., 2010); Penaeid shrimp (Audelo-Naranjo et al., 2011; Anand et al., 2013) Penaus
monodon (Anand et al., 2015) polyculture of Tilapia and Prawn (Hasan et al., 2012; Rezoanul et al.,
2016).

Periphyton based system increasing fish production , enhancing nutrient utilization (Abo-Taleb et al.,
2014) reducing feed costs (Saker et al., 2015) improve water quality (Gonzalez et al., 2012) ; reduce
negative effects of overcrowding (Arnold et al., 2009) . These effects were influenced by many factors
such as quality and quantity of periphyton, the feeding habits of the species cultured, stocking density,
seasonality, substrate type, availability of non periphyton food sources (Azim et al., 2003a) and
supplementary feed and additives in fish diets reared in this system. From these additives, the probiotic
which defined as "a live microbial adjunct which has a beneficial effect on the host by modifying the host
associated or ambient microbial community, by ensuring improved use of the feed or enhancing its

Issued by The Egyptian Society of Nutrition and Feeds



Abo-State and Tahoun

nutritional value, by enhancing the host response towards disease, or by improving the quality of its
ambient environment™ Verschuere et al. (2000).

There are many beneficial effects have been reported for probiotics in aquaculture to provide
beneficial effects (Blacazar et al., 2006)

The positive effect of probiotic administration to fish growth and immune response are well
documented (Hussein et al., 2016) probiotics can improve growth performance as growth promoter
(Ringo et al., 2012), induce immune response (Cruz et al., 2012), increase resistance against invade
pathogenic and survival rate of aquatic animals (Ringo et al., 2015).

Nevertheless, the single effects of periphyton area on fish productivity are well known, its combined
action with probiotic supplementation in the diet is still poorly understood. So, the present work aimed to
determine the effect of probiotic supplementation on growth performance, feed utilization of Nile tilapia
(Oreochromis niloticus) with or without artificial substrate in periphyton-based system.

MATERIALS AND METHODS

Fish and culture facilities

All-male Nile tilapia, Oreochromis niloticus, fingerlings were obtained from commercial tilapia
hatchery, Kafr El-Sheikh Governorate, Egypt. Fish were stocked in the reception tanks for two weeks to
acclimatize them to the concrete tank conditions. All over the acclimatization period, fish were fed a
commercial diet to apparent satiation twice a day (0800 and 1300 h). Twelve thousands nine hundred and
sixty (12960) fingerlings with initial weight (1.86 g) were distributed in eighteen concrete tank system
each 24 m® (8 x 3 x 1 m, length x width x depth) respectively. At a density of 30 fish /m* for 105 days.
The experimental tanks had a nylon nets (0.5 mm mesh) to prevent fish escape or entry of wild fish. The
slurry (sludge) accumulated at the bottoms of the rearing tanks was periodically eradicated by the
common siphon method. An artificial aeration was provided to the tanks by two ring blower of 1 kW
(1.340 HP), Spencer Vortex® produced by Spencer Turbine Co., Japan. Convex polyethylene greenhouses
covered tanks to preserve temperature in the heated water and to absorb solar radiation for heating. The
daily water exchange rate used in the ponds was initially about 10%. Daily water exchange was lowered
to 1% in all periphyton tanks while the rest nine tanks were managed at the initial water exchange rate.
An additional artificial substrate (5 mm mesh nylon net) area of 16 m? (representing two-thirds (66.67 %)
of the area of the tank) was used. Therefore, the total surface areas of 0, and 16 m* (S®* and S®¢°™*,
respectively) were tested. Fifteen days before fish stocking in the tanks, the nylon net pieces were put into
each assigned tank intended to develop periphyton. On the same day of net placement, a 1 m® inoculation
of phytoplankton rich water was carried out in all tanks.

Experimental design

A basal commercial diet was formulated to contain ( 30 % CP ,10.14EE, 5.87ash,3.65CF and 4455k
cal/ kg diet Gross energy).The treatments consisted of a 2x3 factorial experiment arrangement to two
artificial substrates levels (0 and 66.67% )of tank surface area; (S° and S°*®*) and three supplemental
probiotics levels(0% without supplementation of probiotic (pro0) and two different commercial probiotic
each one supplemented to the basal diet with the recommended level mentioned by the producer 0. 1g/kg
for the first (prol), 2g/kg for the second (pro2) .The first commercial probiotic (Ecobiol Aqua plus®)
containing (Bacillus amyloliquefaciens) ; while the second (Biogen®)containing (dried natural product
composed of Allicin, high unit hydrolytic enzymes, Bacillus subtilis and Ginseng extract.) supplemented
at recommended levels after doing Viability test to be sure that the products well effective .

All stocked fish were fed with the same artificial diet used during the acclimatization period to
apparent satiation, twice a day, for 105 days.

Viability test

The viability test of the two commercial Probiotic were carried out before using according to the
method outline by Martin et al (1981). The viable contents was determined by containing CFU (Colony
Forming Unit), which is considered an indication for the viability of the microorganisms present viable in
this commercial Probiotic and so represents its growth promoting effect determination showed the
presences of (6x10°%) CFU for the first one and (6x10") for second one .
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Chemical analysis of diets and fish:

Diets and whole fish body at the beginning and at the end of the experiment were analyzed for
proximate composition. Moisture content, protein, fat and ash according to the standard methods of
AOAC (2006).

Fish performance indices:

The growth performance and feed utilization efficiency were calculated as following:
Weight gain (WG) = final weight — initial weight (g/fish).
Specific growth rate (SGR) = 100 (InW2 —InW1) /T

Where W1 and W2 are the initial and final weight, respectively, In represent Natural logarithm and T is
the number of days in the feeding period.

Feed conversion ratio (FCR) = dry feed intake (g) / fish live weight gain (g).

Protein efficiency ratio (PER) = 100 (weight gain (g) / protein intake (g)

Protein productive value (PPV) = 100 (protein gain (g) /protein fed (g)).

Energy Retention (ER) = Retained energy in carcass (Kcal)/energy intake (Kcal) x100.
Statistical analysis

Mean values were reported with a pooled standard error of means (SEM). After confirming normality
and homogeneity of variance, the data were analyzed by two-way ANOVA, using periphyton substrate
levels and probiotic supplementation as the two factors (SPSS, version 16.0)(2007). Using Duncan's
(1955) multiple comparisons to compare between means. Differences were considered significant at
(P<0.05).

RESULTS AND DISCUSSION

Average values of initial weight (IBW), final body weight (FBW), Body weight gain (BWG);
Specific growth rate (SGR) and survival rate (SR%) of Nile tilapia fingerlings fed diets supplemented
with probiotics (Pro0 ,Prol and Pro2) with or without artificial substrate (S°* and S%¢7% are illustrated in
Table (1). The initial weight was similar in all treatments group with no significant differences (p>0.05).
Concerning the artificial substrate treatment, data collected showed that there were significant difference
(p<0.05) between groups of fish reared in concrete tanks without artificial substrate (S°*) and that reared
with artificial substrate (S°®®%) in growth performance parameters indicating superiority of the group
(S*%%™) which recorded higher values for FW (126.89g), WG (125.02g), SGR (3.85%) and SR 94%.
While the other group which reared without substrate (S®*) recorded lower values for the same
parameters (107.00, 105.16, 105.16, 3.74 and 91%), respectively.

According to probiotic effect despite substrate effect there were significant differences (p<0.05)
among the three groups (pro0, prol and pro2) in growth performance parameters. Groups received diets
supplemented with (pro2) recorded the highest values in all growth parameters (124.33g, 122.48g, 3.85%,
93%) respectively, followed by those received diet supplemented with (prol) (115.33g, 113.50g, 3.79%,
92%) respectively. The lowest values recorded with the group of fish fed diet without supplementation of
probiotic (pro0) (111.17g, 109.299, 3.74% and 91%), respectively.

The interaction between (substrate x probiotic) showed significant differences (p<0.05) among all
treatments. Group (S®®*pro2)showed the highest values for the pervious growth parameters (133.00g,
131.13g, 3.89% and 94%), respectively .followed by T5, T4, T3, T2 and the lowest values were noticed in
the group which fed (S pro0) (98.67g, 96.87g, 3.69% and 90%), respectively .

Feed intake (FI), Feed conversion ratio (FCR), Protein efficiency ratio (PER),protein productive
value(PPV) and Energy retention (ER) are tabulated in Table (2) .There were significant differences
(p<0.05) due to presence of substrate in periphyton based system (231.69g, 1.89, 1.69, 24.67 and 1.00),
respectively. Compared with group reared without substrate in the same parameters (201.64, 1.98, 1.63,
22.82 and 9.99), respectively regardless probiotic supplementation.

On the other hand, comparing groups supplemented with probiotics, results demonstrated fluctuated
results in feed utilization parameters declared in Table (2).
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Table (1): Effect of substrate levels and supplemental probiotics on growth performance of Nile
tilapia (Oreochromis niloticus).

Treatment IBW? (g) FBW () BWG® (g) SGR® (%) SR® (%)
Substrate level

g% 1.84 107.00° 105.16° 3.74° 91°
go6.67% 1.87 126.89° 125.02° 3.85° 94?
SEM! 0.03 2.88 2.88 0.02 0.46
P value 0.64 0.00 0.00 0.00 0.00
Probiotic

Pro0 1.88 111.17° 109.29° 3.74° 91
Prol 1.83 115.33° 113.50° 3.79% 92
Pro2 1.85 124.33° 122.48° 3.85°% 92
SEM 0.03 2.88 2.88 0.02 0.46
P value 0.72 0.00 0.00 0.04 0.12
Overall mean

S pro0 1.80 98.67° 96.87° 3.69° 90°
S Prol 1.90 106.67¢ 104.77¢ 3.72b° 90°
S* Pro2 1.83 115.67° 113.83° 3.81° 91
88857 proo 1.97 123.67° 121.70° 3.80% 92°
S8667% prgq 1.77 124.00° 122.23° 3.87° 942
S8667% prop 1.87 133.00° 131.13° 3.89° 94°
SEM 0.03 2.88 2.88 0.02 0.46
P value 0.09 0.00 0.00 0.00 0.01

Means in the same column with different superscripts are significantly different (p<0.05) ; 'SEM , Pooled standard
error of means ;2IBW, Initial body weight;*FBWFinal body weight ; “BWG, Body weight gain; °SGR, specific growth
rate;® SR, .survival rate

Where, (5 and S%-7%) substrate level; (pro0, prol and pro2) supplemented level of probiotic

(8* pro0 * S Prol; S®% Pro2; S%€% pro0; S Prol and S%%7* Pro2) interaction between treatments
(substrate x probiotic).

Table (2): Effect of substrate levels and supplemental probiotics on feed utilization of Nile tilapia
(Oreochromis niloticus)

Treatment FIZ (g) FCR®(g) PER? (g) PPV® (%) ER® (%)
Substrate level

g% 201.64° 1.98° 1.63° 22.82° 9.99
gB6.67% 231.69° 1.89° 1.69° 24.67° 10.00
SEM! 4.90 0.02 0.01 0.51 0.40
P value 0.00 0.00 0.03 0.00 0.99
Probiotic

Pro0 208.04° 1.96° 1.65 22.95° 8.15"
Prol 208.39" 1.89° 1.70 25.39% 11.118
Pro2 233.57° 1.95% 1.64 22.90° 10.72%
SEM 4.90 0.02 0.01 0.51 0.40
P value 0.00 0.07 0.11 0.00 0.00
Overall mean

S pro0 189.09° 2.02° 1.61° 20.32° 7.23°
S Prol 196.00° 1.93%¢ 1.67% 25.17% 11.65%
S%% pro2 219.82° 1.98° 1.62° 22.97° 11.10°
SP06™% pro0 226.99° 1.90 1.68* 25.57° 9.07°
§8667% prg1 220.78° 1.83° 1.73% 25.62° 10.57%
§%667% prgp 247.31° 1.93%¢ 1.66% 22.83° 10.35%
SEM 4.90 0.02 0.01 0.51 0.40
P value 0.00 0.02 0.03 0.00 0.00

Means in the same column with different superscripts are significantly different (p<0.05) ; 'SEM , Pooled standard
error of means ;2 Fl feed intake;*FCR feed conversion ratio ; “PER protein efficiency ratio; Sppv protein productive
value and ® ER energy retention .

Where,(S*” and S%¢7%) substrate level; (No pro,prol and pro2) supplemented level of probiotic

(S*” pro0 © S Prol; S® Pro2; S%¢% pro0; $%¢7* Pprol and S$%%¢"* Pro2) interaction between treatments
(substrate x probiotic).
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The interaction between (Substrate level and probiotic supplementation) showed significant
differences (p<0.05) among all the studied parameters. There were significant increase in feed intake in
group (S%®™ pro2) (247.31g) and the lowest feed intake recorded in group (S®*pro0) , (S**prol)
(189.09, 196.00) with no significant differences between them, the best FCR noticed in group (S°*®™,
prol) while the worst in(S™ pro0) (2.02). Additionally the highest values for PER, PPV and PPV
showed in ((p®®*™*pro1) (1.73,25.62,10.57) respectively as declared in Table (2) .

Results of body composition are illustrated in Table (3). Concerning the substrate treatments no
significant difference (p>0.05) were noticed for DM, cp and EE content.

There were significant differences (p<0.05) in ash content between S (12.76) and S°*¢"* (11.75).
Data showed also that there were significant differences among groups due to probiotic supplementation.

The highest DM content recorded for the fish fed on prol (31.26), with a significant differences
between the other group (pro 0, prol) (28.12, 29.51). The protein content showed no significant
differences among all groups. The highest EE content was recorded in pro2 (30.59) followed by prol
(28.82), the lowest EE recorded at pO group (24.38). Ash content showed no significant differences
between (pro0, pro2)(12.92,12.45) but there were significant differences between the aforementioned
groups and pro1(11.38) regardless substrate levels. The results of interaction between substrate levels
and probiotic supplementation demonstrate no specific trend was noticed in all body composition content
as shown in Table (3).

Table (3): Effect of substrate levels and supplemental probiotics on body chemical compositions of
Nile tilapia (Oreochromis niloticus).

Treatment DM? (%) CP’ (%) EE”" (%) ASH® (%)
Substrate level

go% 29.51 47.03 28.34 12.76°
G667 29.76 48.61 27.52 11.75°
SEM* 0.50 0.48 0.73 0.26
P value 0.69 0.09 0.23 0.00
Probiotic

Pro0 28.12° 49.13 24.38° 12.92°
Prol 31.26° 47.29 28.82° 11.38°
Pro2 29.51° 47.04 30.59° 12.45%
SEM 0.50 0.48 0.73 0.26
P value 0.00 0.14 0.00 0.00
Overall mean

S pro0 26.36° 47.77° 23.71° 14.06
S Pro1 31.79° 46.90° 30.24° 11.71%
S Pro2 30.37%® 46.43" 31.07° 12.52°
S%86™ pro0 29.89" 50.50° 25.05% 11.79"
S8667% pro1 30.73%® 47.68% 27.41° 11.06°
S8667% pro2 28.66™ 47.66% 30.11° 12.39°
SEM 0.50 0.48 0.73 0.26
P value 0.01 0.19 0.00 0.00
Treatment

Means in the same column with different superscripts are significantly different (p<0.05) ; SEM , Pooled standard
error of means ;> DM dry matter; ° CP crude protein ;* EE ether extract and ® ASH ash content

Where,(S*” and S%¢7%) substrate level; (pro0,prol and pro2) supplemented level of probiotic

(8™ pro0 ° S Prol; S®% Pro2; S®€7% pro0; S¢"* Prol and S%%7%* Pro2) interaction between treatments
(substrate x probiotic).

The results of this study indicated that the addition of artificial substrate (S°®*®"*) increased tilapia
growth performance parameters when combined with pro2 (Biogen®) supplementation. The final body
weight (FBW) increased by (18.8%) than the fish group with no supplementation of probiotic and
artificial substrate. This value is higher than the value reported for tilapia being 16% (Abo-Taleb 2014)
and less than the value found for carp monoculture being,30 to 115% (Wahab et al., 1999a; Keshavanath
and Gangadhar,2005) and 30% to 210% in carp polyculture (Azim and wahab,2005) under semi
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intensive periphyton based system. Since periphyton in periphyton based system provided significant
additional food for Nile tilapia juveniles (Saker et al., 2015), and tilapia is regarded as an omnivorous
species and capable of feeding on benthic and attached algal and detritus aggregates (Dempster et al.,
1993; Azim et al., 2003b). Similarly, (Uddin et al., 2007), found that tilapias can graze on the substrates
in the experimental ponds. Therefore, the addition of substrate offers considerable improvement in
performance of fish under semi intensive culture system. Better growth performance may be attributed
due to 1) the additional shelter provided the substrate allows more of the resources to flow into fish
biomass, (2) the new primary production and attached benthic secondary production by the artificial
substrate support a new food web, which is reflected on increasing biomass(Miller and flace 2000) .
These in agreement with the finding of (Audelo-Naranjo et al., 2011; Anand et al., 2013) in shrimp
culture,(Anand et al., 2014) on tiger shrimp.

Better growth recorded in tilapia fed diets supplemented with probiotic in periphyton system might
be attributed to presence of microorganisms and the viability of these microorganisms. This is in
agreement of the results of (Nonwachai et al., 2010) their result declared improvement in growth
performance for shrimp fed micro algae supplemented diet. They explained their results attributed to
unknown growth promoters or higher digestive enzymes. Mridula et al (2005) suggests that periphyton
ingestion increases enzyme activities of intestinal and hepatopancreatic protease, lipase and intestinal
amylase in tilapia fingerlings. Another factor may induce good performance in fish in periphyton based
system is the size of the submerged area available for periphyton growth (Asaduzzaman et al., 2010).
Since the higher area, the greater the benefits from periphyton will be (Uddin et al., 2009). In addition to
the role of periphyton played in improving fish performance, it may play another role in alleviating the
environmental impacts on the aquatic environment (Saker et al., 2015) this results is in agreement with
that found by Troell and Berg (1997) suggested that the average flix of particulate nutrient (particularly
ammonium and phosphates) under intensive tilapia cages were up to 22 times greater than in cage free
areas. , improve water quality and mitigates negative effects of overcrowding.

The present results were in agreement with the results obtained by many authors. Renuka et al.
(2013) suggested that the incorporation of probiotic in common carp diets stimulated fish growth and
digestion as micro biota colonization enzymes that hydrolyze complex molecules, facilitate better
digestion and absorption of macronucleus resulting in higher protein and energy deposition in the body
tissues. In these aspects, Agouz and Anwer (2011) pointed out to the improvement of digestion and
metabolism in the fish body due to the presence of the Bacillus in the probiotic Biogen®, moreover the
prevention of pathogenic bacteria colonies in fish gut. Faramarzi et al. (2011) was in accordance with the
results obtained in the present work, where they found that the addition of 0.1% probiotics (Bacillus
subtilis c-3102 spores) in common carp fry diets improved fish growth and mitigated the effects of stress
factors. In this particular, diets supplemented mix of Lactobacillus SP. spores resulted in improving
growth performance of Striped mullet (Mugil cephalus) significantly than those fed the control basal diets
(El-Tawil et al., 2012)

The positive effect of probiotic was also observed in several kinds of fish, in Sea bream (Sparus
aurata L.) (Avella et al., 2010) and Large croaker (Larimichthys crocea) (Ai Q 2011) Common snook
and Red drum (Hauville et al., 2016). The high viability of microorganisms in the probiotic product may
be considered as another reason for the positive and better effect of the second probiotic (pro2). This fact
was proved by the studies carried out by Mohapatra et al (2012) who found that incorporation of live
probiotic microorganisms (Lactobacilis lactis and Bacillus subtilus ) resulted in maximum growth
performance in rohu (Labeo rohita ) fingerlings in comparison with some combinations of inactivated
probiotics. Other similar results were also observed for Nile tilapia (Lara-Flores et al., 2003), L. rohita
(Ghosh et al., 2003) Cyprinus carpio (Ramakrishnan et al., 2008).

In semi-intensive systems, the availability of periphyton for fish can reduce the importance of
supplemental feed allowance and improve feed conversion ratio, due to fish partially satisfied by
ingestion of periphyton (Abo-Taleb 2014 and Reboucas et al., 2012). However, completely withdrawing
supplemental feed may have negative effects on fish growth (Milstein et al., 2009). Thus, the quality and
quantity of supplemental feed are critical to profitability.

Consequently, our results were in the same trend found in the previous studies about the efficiency of
feed utilization, where several workers recorded different degrees of improvement in feed and protein
utilization parameters in diets supplemented with probiotic or growth promoters, which reflected the
increasing growth rate (Renuka et al., 2013and Lemieux et al., 1999). Faramarzi et al., (2011) found also
improvement in the feed utilization in Common carp fed diet supplemented with 0.1% probiotics
(Bacillus subtilis c-3102 spores). Similar positive effects in feed utilization were recorded in many fish
species as mentioned previously during the discussion of growth performance.
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The improvement in body composition of Nile tilapia fed probiotic is a significant evidence of the
improvement in general health condition of the reared fish. This positive effect in body composition of
Nile tilapia may be due to improving of growth performance, enhance the metabolism and energy of fish
body cells and raise the efficiency of feeds (Mehrim 2010).The results of body composition in this study
were in close agreement with Mohamed et al. (2007) for tilapia. On the other hand, Eid and Mohamed
(2008) found no statistical differences were observed in whole body moisture, crude protein, ether extract
and ash for mono sex O. niloticus fingerlings fed diets containing different levels of commercial feed
additives.

This study indicates that Nile tilapia fed diets with supplemental probiotic in periphyton based
system may improve growth performance ,feed utilization and body composition in Nile tilapia than
using these supplementation without periphyton based system , in concomitant with our results (Garcia et
al., 2013, 2016) suggested that periphyton should be making part of the diet of fish and the cage nets can
act as a substrate for periphyton growth at commercial scale , under real environmental conditions and
management.

CONCLUSION

It could be concluded that supplementation of probiotic (Biogen®) and artificial substrate led to
improvement of periphyton growth, achieved an improvement in sustainability performance of tilapia
production under limited water exchange. Additional research is required to determine the specific
microbial sources under different feeding strategy.
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