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INTRODUCTION

ABSTRACT

A feeding trial was carried out to investigate the effects of a
dietary fermented poultry by-product (FPBP) on the growth
performance, feed efficiency, body chemical composition, blood
biochemical tests and economic efficiency of the Nile tilapia,
Oreochromis niloticus fingerlings. Poultry by-product was subjected to
solid-state fermentation then incorporated into four experimental (Iso-
nitrogenous 30% and iso-caloric 4400Kcal/ Kg) diets containing 0, 25,
50 and 75% FPBP instead of soybean meal. Results revealed that the
replacement of soybean meal with FBPP had significantly high (P<
0.05) growth performance and feed utilization. Moreover, body ash
content decreased insignificantly (P< 0.05) compared to the control.
At a low substitution level of 25% FPBP, a significant increase in body
fat content (P< 0.05) was recorded compared to the control.
Furthermore, body ash and energy contents demonstrated a significant
increase (P< 0.05) compared with the control. Additionally,
biochemical blood tests revealed that FPBP does not have any harmful
effects on either liver or kidney function parameters. It could be
concluded that the replacement of soybean meal with FPBP at a level
of 25% was the best in terms of growth performance and feed
utilization under these experimental conditions.

The aquaculture sector has grown to be a significant industry in many developed
and developing nations, generating income, jobs, and nutritious food (Olsen & Hasan,
2012). This has raised attention to an increasing development of aquaculture industry
leading to advanced production technologies and culture systems in many parts of the
world (Moss et al., 2018). Research in fish nutrition focuses on reducing the cost of fish
feed, which accounts for 60- 70% of the running cost of intensive system (Higgs et al
(1994). Therefore, a global priority for finding alternative protein sources to replace
expensive/scarce ones in aqua feeds is essential (Dossou et al., 2018a, 2018b, 2019).
Soybean meal is the most significant source of protein in the diet for the Nile tilapia.
However, the price of soybean meal, and subsequently the feed cost, has increased
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recently. Thus, the replacement of soybean meal by cheaper alternatives is needed
(Plaipetch & Yakupitiyage, 2014). Animal protein ingredients are good sources of
amino acids with high protein content, free of anti-nutritional factors, nonconventional,
total digestible dry matter and energy similar to fish meal (Bureau et al., 1999, 2000),
locally available and comparatively less expensive than fish meal (Bureau et al., 1999;
EL-Sayed, 1999; Abdel-Warith et al., 2001). Poultry by-product meal, known for its
high crude protein content of 58% (Hill et al., 2019), has high digestibility (90%) and
contains a proper balance of essential amino acids (Yang et al., 2006; Shapawi et al.,
2007).

Because of the high nutritional value, poultry by-product meal (PBM) is used as a
protein source in the formulated diets for the tilapia Oreochromis niloticus (Sadiku &
Jauncey, 1995; El-Sayed, 1998), the European eel Anguilla anguilla (Appelbaum et
al., 1996), the sea bream Sparus aurata (Nengas et al., 1999), the sunshine bass Morone
chrysops (Webster et al., 1999), the Pacific white shrimp Litopenaeus vannamei (Davis
& Arnold, 2000), the channel catfish Ictalurus punctatus (Abdel-Warith et al., 2001),
the rainbow trout Oncorhynchus mykiss (Sevgili, 2004), the cobia Rachycentron
canadum (Zhou et al., 2011), the grouper Epinephelus ongus (Gunben et al., 2014),
and the sea bass Dicentrarchus labrax (Wang et al., 2015). Fermentation is a suitable
method to increase the nutritional quality of feed ingredients (Fagbenro et al., 1994;
Sun et al., 2014; Barnes et al., 2015; Hassaan et al., 2018; Jannathulla et al., 2018;
Siddik et al., 2019), enhance feedstuff palatability (Fagbenro et al., 1994), improve the
digestibility of protein, amino acids, fibers and calcium (Sun et al., 2014; Hassaan et
al., 2018), and reduce anti-nutritional factors (Barnes et al., 2015).

Dawood et al. (2020a) reported that the incorporation of FPBM in the Nile
tilapia diet improve growth performances and feed efficiency. For the Nile tilapia, the
suggested dietary FPBM inclusion values are 11.17— 25.14% diet. Fermented PBM has
a balance of amino acid profile and high protein content versus un-fermented poultry by-
product meal. Furthermore, Dawood et al. (2020b) reported that the yeast fermented
PBM has beneficial effects on the growth, digestive enzymes activity, intestinal
morphometry and immune functions of the common carp. Considering the low price of
PBM and the beneficial effects of S. cerevisiae, the results obtained showed the
importance of fermented PBM as dietary supplement in the formulation of feed for the
common carp. In addition, Sathishkumar et al. (2021) postulated that poultry by-
product meal can completely replace fish meal protein in the diets of the GIFT tilapia
without any negative impact on growth performances, nutrient utilization, blood
haematological and biochemical responses.

The study was conducted to determine the influence of dietary levels of
fermented poultry by-product (FPBP) as a replacement of soybean on the growth
parameters, feed efficiency and body chemical composition in the Nile tilapia
Oreochromis niloticus diets.
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MATERIALS AND METHODS

Solid-state fermentation

A commercially poultry by-product (PBP) was purchased from a local company
(Abou Hammad, Shargia, Egypt) and finely grounded to particle size (< 500um) by a
screen diameter. Three fermented replicates of PBM were performed by the
modification method of Yabaya et al. (2009). Each replicate comprised 2kg PBM,
60.5mg of commercial dry yeast, S. cerevisiae, (Fermipan®, GB ingredients, china) with
a cell density of 3 x 10° cell/ g and 1.1L of distilled water (50% moisture), all of which
were homogenized in a Hobart food mixer for 15min. This provided a yeast density of 1
x 10¢ cell/g meal. Each replicate lasted for 48h in a 10L glass jar covered with an
aluminium foil and incubated at 40°C, which is the optimal growth temperature for S.
cerevisiae. The yeast fermented PBM was dried to a constant weight at 70°C.

Experimental units

Twelve glass aquaria (50 x 60 x 70cm®) containing equal amount of water
(0.21m® were used for each experiment. Each glass aquaria were supplied with
compressed air via air pumps for satisfying the oxygen requirement by fish, and water
supply was provided from the tank storage of water.

Experimental fish

The Nile tilapia (Oreochromis niloticus) fingerlings, all males, reversed sex,
were taken from the Central Laboratory for Aquaculture Research, Abbasa Fish
Hatchery, Sharkia Governorate, Egypt. A total of 500 fingerlings (weighing
approximately 5.00+ 0.002g SD), after an adaptation period for two weeks under normal
laboratory conditions, were randomly distributed into the glass aquaria. Fish were
randomly divided after that into seven equal groups (three replicates per each) in the
experimental glass aquaria (20 fish/aquaria). Moreover, they were fed experimental
diets till satiation. The experiment lasted for 112 days. Feed was offered two times daily,
at 10:00 AM and 14: 00 PM, for 6 days a week. Furthermore, fish per each aquarium
were group-weighed every ten days. At the end of the experiment, fish were collected,
counted, and group weighed per treatments. A weight of 3009 of fish was frozen at 20°C
for further proximate chemical analysis.

Experimental diets preparation and feeding regimen

The proximate composition of the ingredients used in the diets formulated is
presented in Table (1). Four diets were formulated to contain 30% crude protein and
(4438k Ca/ kg) gross energy. Consideration was also given to the equivalence of other
components such as fiber. Diet 1 represented the control one, while in diets 2, 3, and 4,
the replacement of soybean meal by fermented poultry by-product meal was at graded
levels of 25, 50, and 75%, respectively.
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Table 1. Proximate chemical composition of the ingredients used in the experimental
diets

Ingredient Fish | Soy bean | Yellow Wheat Glute Fermented
meal meal corn bran n poultry by-product
Dry matter 92.00 90.00 89.00 91.60 92.90 95.95
Crude protein 62.10 44.00 7.50 12.50 60.11 61.28
Ether extract 7.70 3.80 3.60 3.00 8.00 15.78
Crude fiber 1.70 6.00 3.20 11.00 1.90 2.20
Ash 21.80 6.50 3.00 5.00 2.28 13.37
NFE 6.70 38.10 82.70 68.50 27.71 7.37

Chemical analysis

Four isonitrogenous and isocaloric diets were formulated from practical
ingredients (Table 2). The experimental diets were analyzed to determine the percentage
of the moisture, protein, lipid, fiber and ash. Moreover, the proximate composition,
including crude protein, crude fat, crude ash and moisture of body composition, was
determined using the standard procedures of AOAC (2019).

Growth parameters

Live body weight
Fish were weighed to the nearest 0.1g at the beginning of the experiments and
every 15 days.
Body weight gain
Body weight gain was calculated by subtracting the two successive live weights
at different experimental periods (weight gain (g/fish) = final weight — initial weight).
Average daily gain (ADG)
(ADG) =W, -W, /T
Where,
W,= final weight, Wi= initial weight and T= time.
Relative growth rate (RGR)
RGR=W, - W;/W; X 100
Where,
W= the initial weight (g), W = the final weight (g), and T = the feeding period (days).
The specific growth rate
The specific growth rate (SGR) was calculated according the following equation:
SGR = [In (final fish weight) — In (initial fish weight)] X 100 / period (day).
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Feed utilization parameters

Feed conversion ratio
The feed conversion ratio (FCR) was calculated according to the following
equation: FCR = cumulative feed delivered to aquarium/fish biomass gain.

_ Feed intake (g)

FCR = - -
Weight gain (g)

Feed efficiency ratio (FER)
FER= body weight gain (g) / (DM) feed intake (g) X 100

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

Protein productive value (PPV)

PPV=P, - P;/Ps

Where,

P1= the protein content in fish carcass at the start of the experiment (g).
p2= the protein content in fish carcass at the end of the experiment

pf= the protein intake (g) during the experiment (on DM basis).

Survival rate (%):

SR=Nt x 100/NO

Where,

N; = Total number of fish survived in tank at the end of the experiment.
No = Total number of fish in tank at the beginning of the experiment.

Biochemical parameters

At the end of the experimental period (112 days), five fish per glass aquaria were
randomly chosen and anesthetized with 120mg/ | amino-benzoic acid (Sigma-Aldrich)
before the drawing of blood. The blood was extracted from the caudal vein and divided
in one set of tubes. One set was left with no anticoagulant in order to clot at 4°C and
centrifuged at 5000rpm for 5min at room temperature. The uric acid was measured using
the enzymatic determination method according to Barham and Trinder (1972).
Creatinine was measured by the colorimetric method as described by Henery (1974).
Aspartate amino transferase (AST) and alanine amino transferase (ALT) activities were
determined colorimetrically by transaminases kites (Boehringer Manmheim Kit).

Water quality parameters
A digital thermometer was used to measure the water's temperature and
dissolved oxygen content (DO), and a Milwaukee-PH600 pH meter was used to assess
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the water's pH daily. Ammonia nitrogen (NH3-N) and nitrite (NO;) values were
detected on a weekly basis using water analysis and via a photometer and test kits, and
nitrate (NO3) was weekly determined. While, alkalinity (expressed as Ca, CO3) was
weekly monitored by titration with sulphuric acid till pH point reached 4.5 (APHA,
1998).
Table 2. Ingredient formulation (%) and proximate composition of the experimental
diets

Control  25% FPBP 50% FPBP 75% FPBP
Ingredient %

Fish meal 5.00 5.00 5.00 5.00
Soybean meal (SM) 44.00 33.00 22.00 11.00
FPBP 0.00 8.16 16.32 24.48
Corn 32.00 35.14 37.98 39.82
Wheat bran 10.00 11.00 11.00 13.00
Corn gluten 7.00 6.00 6.00 5.00
Soybean oil 1.30 1.00 1.00 1.00
Vit. & Min. Premix* 0.70 0.70 0.70 0.70

Proximate Analysis%

Dry matter 89.21 89.88 90.66 91.19
Crude protein 30.97 30.71 30.91 30.67
Ether extract 5.33 5.97 6.94 6.86
Crude fiber 4.98 4.69 4.03 4.08
Ash 5.57 6.07 6.53 7.04
NFE? 53,15 52.56 51.32 50.35
G E( Kcal/Kg(® 443790  4459.57 4511.57 4544.99
P/E ratio* 69.78 68.66 67.58 67.50

! each Kg vitamin & mineral mixture premix contained Vitamin A, 4.8 million IU, D3, 0.8 million IU; E,
49; K, 0.8g; B1, 0.4g; Riboflavin, 1.6g; B6, 0.6g, B12, 4mg; Pantothenic acid, 4g; Nicotinic acid, 8g;
Folic acid, 0.4g Biotin, 20mg, Mn, 22g; Zn, 22g; Fe, 12g; Cu, 4g; |, 0.4g, Selenium, 0.4g and Co, 4.8mg.
“Nitrogen free extract = 100 — (%Protein + %Fat + %Fiber + %Ash).

3Gross energy based on protein (5.65 Kcal/g), fat (9.45 Kcal/g) and carbohydrate (4.11Kcal/g). (NRC,
2011).

* P/E ratio= mg crude protein/ kcal GE.

Economical evaluation

The economical evaluation was based on local retail sale market price of all the
dietary ingredients at the time of the study. These prices (in LE/kg) were as follows:
herring fish meal, 60.0; poultry by-product meal, 20.0; wheat bran, 11.40: corn gluten,
47.0; soybean meal, 31.50; corn meal, 13.30; soybean oil, 42.0; premix, 100 (Eid &
Mohamed, 2008).
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Cost/kg diet (LE) = Cost per Kg diet L.E

Consumed feed to produce 1kg fish (kg) = Feed intake per fish per period/ final
weight per fish Kg/ Kg

Feed cost per kg fresh fish (LE) = Step 1x step 2

Relative % of feed cost/ kg fish= Respective figures for step3/ highest figure in this
step

Feed cost/ 1Kg gain (LE) = Feed intake per Kg gain x step 1

Relative% of feed cost of Kg gain= Respective figures for step 5/ highest figure in this
step

Statistical analysis

The data were statistically analyzed by a completely randomized design with
SPSS (2007) through the following model: Yi= p + T; + Ej;, where p is the overall
mean; T; is the fixed effect of i"" treatments, and E; is the random error. Differences
between treatments were tested at the 5% probability level (Duncan, 1955).

RESULTS

Growth performance

Growth performance parameters, related to the influence of incorporation of
FPBP in the Nile tilapia diets instead of soybean meal (BW, BWG, DG, SGR, RGR),
showed primitive results (Table 3). All substitution levels recorded a significant
increase in all growth performance parameters compared to the control. The treatments
could be discernibly ordered as 25, 50, and 75% FPBP, with significant differences
among all treatments. Survival rates were not influenced by the replacement processes.
Therefore, FPBP did not compromise fish survival and welfare.

Feed utilization

Feed efficiency parameters, including feed intake (FI), feed conversion ratio
(FCR), feed efficiency ratio (FER) and protein efficiency ratio (PER), are illustrated in
Table (4). The feed consumption of the Nile tilapia decreased significantly compared to
the control in the diet containing the lowest substitution level (25% FPBP), while 50%
FPBP recorded an insignificant decrease compared to the control. The feed conversion
ratio (FCR) and feed efficiency ratio (FER) demonstrated significant enhancement at all
substitution levels compared to the control. Among the treatments, low substitution
levels (25% and 50% FPBP) showed the best FCR and FER, followed by 75% FPBP.
The protein efficiency ratio (PER) also showed significant improvement compared to
the control, especially at low substitution levels (25% and 50% FPBP). Although protein
productive value (PPV) recorded an increase at all substitution levels, it did not differ
significantly from the control statistically.
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Table 3. Effect of different dietary FPBP on growth performance of the Nile tilapia
(Oreochromis niloticus) fingerlings fed experimental diets

Treatment Control Fermented PBP

25% FPBP 50% FPBP 75% FPBP
IW (g/fish) 5.10+0.20 5.07 £0.25 5.06 +£0.30 5.09+0.27
FBW (g/fish) 34.33 +1.614 50.36 +1.11» 45,60 +0.75° 39.22 £0.53¢
BWG (g/fish) 29.24 +1.614 45,28 +1.12» 40.53 +0.73v 34.16+0.54¢
RGR % 574.00 £314 891.00 £222 799.00 £13b 675.00 £11¢
DG (g/fish) 0.26+0.014 0.41 £0.01» 0.37 £0.01° 0.31 +0.01¢
SGR (%/d) 1.73 £0.044 2.08 +£0.022 1.99 £0.02> 1.86 £0.01¢
SR % 90.00 £0.00 90.00 £0.02 93.00 + 2.89 90.00 +0.00

Means in the same row having different super script letters are significantly different (P< 0.05).

Table 4. Effect of different dietary FPBP on feed utilization of the Nile tilapia
(Oreochromis niloticus) fingerlings fed experimental diets

Treatment Control Fermented PBP

25% FPBPM | 50% PBPM | 50% FPBPM
FI (g/fish) 53.27 +1.11° | 48.44+1.07° | 51.73+0.86® | 55.80 +2.69°
FCR 1.83 +0.07° 1.07 £0.02° 1.27 +0.01° 1.63 £0.05"
FER 0.55 +0.03* 0.93 +0.01° 0.78 +0.01° 0.61 +0.02°
PER 1.99 #0.11° 3.39 +0.02° 2.83+0.01° 2.19 +0.06°
PPV 28.98 +1.72 32.66 £1.59 30.87 £2.04 31.78+3.16

Means in the same row having different super script letters are significantly different (P< 0.05).

Whole body composition
The body chemical compositions of the Nile tilapia are illustrated in Table (5).

Neither body dry matter nor protein contents recorded any significant variation between
all treatments compared to the control. Body ash content demonstrated an insignificant
decrease compared to the control. On the other hand, the low substitution level of 25%
FPBP recorded a significant increase in body fat content compared to the control, while
the level of 50 and 75% FPBP recorded an insignificant increase compared with the
control. Both body ash contents demonstrated a significant increase compared with the
control.
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Table 5. Effect of different dietary FPBP on body chemical composition of the Nile
tilapia (Oreochromis niloticus) fingerlings fed experimental diets

Treatment Control Fermented PBP

25% FPBPM | 50% FPBPM | 50% FPBPM
DM 26.88+0.352 27.38 £0.482 27.69+0.18¢ 27.89+0.292
CP 62.39+0.35% 61.70 +1.652 61.18 +0.862 62.75+1.972
EE 20.32+0.28p 24.50+1.652 24.29 £0.42ab 23.15+1.59a»
Ash 17.29+0.42= 13.80+0.04> 14.52+0.45b 14.10 +1.02b

Means in the same row having different super script letters are significantly different (P< 0.05).

Biochemical parameters

Table (6) lists the average values for the blood serum components: urea,
creatinine, AST and ALT in the blood serum of O. niloticus. The results in Table (6)
reveal that the replacement of soybean meal with FPBP had not any deleterious effects
on either liver (ALT and AST) or kidney (Urea and Creatinine) function parameters
after 112 days of trial.

Table 6. Effect of different dietary FPBP on biochemical analysis of the plasma of the
Nile tilapia (Oreochromis niloticus) fed different experimental diets

Control Fermented PBP
Treatment
25% FPBP 50% FPBP 75% FPBP
ALT 15.90+ 0.17 15.90+ 0.23 16.07+ 0.15 16.07+ 0.15
AST 28.72+0.31 29.80+ 0.32 29.67+0.40 29.76+ 0.31
Urea 1450+ 0.17 14.30+0.21 13.96+ 0.09 13.83+0.35
Creatinine 0.16+ 0.03 0.18+0.04 0.19+ 0.04 0.19+ 0.04

Values are means + SD. Values in the same row with different superscripts are significantly different
(P<0.05).

Economic evaluation

The results of economic evaluation including feed costs of one kg gain in weight
and its ratio to that of the control group are presented in Table (7). Data in Table (7)
clarify that the costs of one kg of the diet for fermented PBP meal in experimental diets
were 26.79, 24.31, 22.70 and 20.70 LE, for control diet, at a level of 25, 50 and 75%
FPBP, respectively. Costs of one kg gain in weight were 49.03, 26.01, 28.82, and 33.74
LE for control, in T1, T2 and T3, respectively. These results indicate that incorporation
of fermented PBP meal into the tilapia diets reduced the price of one kg diet to 46.94,
41.22 and 31.18% for the 25, 50 and 75% FPBP, respectively, compared to the control
group (100% of the price).
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Table 7. Effect of different dietary FPBP levels on the economic efficiency of the Nile
tilapia (Oreochromis niloticus) fingerlings

Control Fermented PBP
Treatment
25% FPBP 50% FPBP 75% FPBP

Feed costs (L.E)/Kg 26.79 2431 22.70 20.70
Feed intake 53.27 48.44 51.73 55.80
Feed intake cost (LE)" 1427 1177 1174 1155
Relative to control % 100.00 90.74 84.70 77.26
FCR® 1.83 1.07 1.27 1.63
Feed costs (L.E/kg weight gain)* 49.03 26.01 28.82 33.74
Relative to control (%)° 100.00 53.06 58.78 68.82
Decrease in feed costs (L.E/kg 0.00 46.94 41.22 31.18
weight gain %)

TFeed cost X feed intake.

%Value of each treatment feed intake cost /highest value x100.

*Feed conversion ratio.

*Feed cost/ kg gain = FCR x Feed cost/Kg EGP.

*Feed cost /kg fresh fish EGP value for each treatment/ highest value x100.

DISCUSSION

The influence of Saccharomyces cerevisiae-fermented poultry by-product meal
(PBM) on growth performance, micromorphological, and immunological changes in the
common carp demonstrated a significant improvement on fish growth performance
parameters (final body weight, weight gain and specific growth rate) (Dawood, et al.,
2020b). The same results were reported in the studies of Sathishkumar et al. (2021),
Abbass et al. (2023) and Hendam et al. (2023), who concluded that poultry by-product
meal, either in bioprocessed (fermented by Saccharomyces cerevisiae and Lactobacillus
casei) or in non-processed condition, can replace fish meal protein completely in the
diets of the GIFT tilapia in floating net cages, without recording any negative impact on
growth performances, nutrient utilization, blood haematological and biochemical
responses. Furthermore, they recommended the bioprocessing (fermentation) for
achieving higher growth performances. Dawood et al. (2020a), Marwa et al. (2023),
Mirghaed et al. (2023) and Ragab et al. (2023) studied the effects of dietary inclusion
of alternative ingredients of plant and animal protein including fermented poultry by-
product meal (FPBM) on growth performance of the Nile tilapia (Oreochromis
niloticus). Diets were produced by the inclusion of 10, 20, 30, or 40% FPBM. Regarding
to feed efficiency utilization namely feed intake and feed conversion ratio, feed
consumption of fish fed diets containing 10, 20 and 30% FPBM did not differ
significantly compared with the control, while the high inclusion level of 40% FPBM
decreases significantly the feed intake. Fish fed diets containing 10 and 20% FPBP
showed a significant improvement in FCR compared with the control; however, high
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inclusion level of FPBP (30 and 40%) did not differ significantly with the control. The
findings are in agreement with the obtained results of Dawood et al. (2020b), they
revealed that the inclusion of Saccharomyces cerevisiae-fermented poultry by-product
meal (PBM) had a significant improvement on fish final body weight (FBW), weight
gain (WG), specific growth rate (SGR), and feed intake (FI) and feed conversion ratio
(FCR) of the common carp (Cyprinus carpio).

Dawood et al. (2020b) investigated the effects of Saccharomyces cerevisiae-
fermented poultry by-product meal (PBM) on growth performance, and the whole body
composition of the common carp. The results revealed that the inclusion of fermented
PBM had a significant improvement on growth performance parameters. Whole body
composition of fish did not vary significantly between different dietary treatments (P>
0.05). Following various feeding trials, fish health status can be assessed using blood
biochemical indices (Badrey et al., 2019). Moreover, fish health and physiological
status can be broadly determined by biochemical indicators (Zhou et al., 2005). The
results in Table (7) reveal that the replacement of soybean meal with FPBP have not any
deleterious effects on either liver (ALT and AST) or kidney (Urea and Creatinine)
function parameters.

The results of economic evaluation showed that diets containing FPBP showed
that the cost of one ton of feed mixture reduced gradually with the increase of
substitution levels (Table 8). Additionally, feed cost/Kg weight gain decreased gradually
with the increase of the substitution levels of FPBP, especially for 25 and 50% FPBP,
respectively. These results coincide with the findings of Arunlertaree and
Rakyuttithamkul (2006), Hassaan et al. (2018), Davies et al. (2020) and Samad et al.
(2022) who elucidated that the replacement of fish meal with fermented feather in the
diet of the hybrid clarias cat fish at levels of 25, 50, 75 and 100% of fish meal diet
reduced feed costs.

CONCLUSION
The present study highlights the importance of finding novel ingredients and
using new feed technology to achieve the sustainability of aquaculture industry. The
current trial concluded that replacement soybean meal with FPBP at a level of 25% was
the best in terms of growth performance and feed under this experimental conditions
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