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Introduction

Abstract

A sixty-day feeding trial was conducted to evaluate the effects of replacing dietary fish
meal with probiotic-supplemented groundnut-oil cake (pGNOC) on the growth
performance and survival of Oncorhynchus mykiss fingerlings (average initial weight
5+0.2 g). Four isonitrogenous (45%) and iso-lipidic (16%) diets were formulated by,
replacing 0% (Control, T0), 10% (T1), 20% (T2), and 30% (T3) of fish meal with pGNOC
at inclusion levels of 0% (Control, T0), 10% (T1), 20% (T2), and 30% (T3). The pGNOC
added to different diets contained a constant dosage of Lactobacillus acidophilus at
3x107 CFU/kg diet. A total of 160 fingerlings were randomly randomly assigned to four
treatments (4 replicates each) in 16 aquaria, with 10 fish per tankstocked in four
treatments, each with four replicates (16 glass aquaria) with a stocking density of 10
individuals per aquarium. Fishes were fed twice daily at 5% of the body weight. No
significant difference (P>0.05) was observed in terms of growth performance, whole-
body composition, feed utilization and apparent dry matter digestibility between T1
and Control groups. However, increasing replacement levels beyond 10% adversely
affected (P<0.05) these parameters. The survival rate, total erythrocyte count, and
total leucocyte count indicated an insignificant variation (P>0.05) across all treatment
groups. In conclusion, probiotic-supplemented GNOC, evaluated as a composite
functional ingredient, can replace up to 10% of fish meal in the diet of rainbow trout
fingerlings diets without any adverse effects on growth, feed efficiency and
haematology.

Approximately 71.0% of FM is produced from wild-
caught small pelagic fishes such as sardines, anchovies,

Aquaculture is frequently promoted for its pivotal
role in contributing to global animal protein production
and addressing global food security challenges (Boyd et
al.,, 2022; Dewali et al., 2023). However, the rapid
growth of the aquaculture sector poses sustainability
challenges, mainly due to its dependence on traditional
aquafeed formulations that use fish meal (FM) as a
major protein ingredient (Gokulakrishnan et al., 2023).
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and herrings, with the remaining portion derived from
aquatic animal processing waste (Boyd et al., 2022). By
2033, 83% of global FM production is estimated to be
utilized in aquaculture feeds (OECD/FAQ, 2024). This
heavy reliance, coupled with an all-time high surge in
demand for FM as a protein source in aquafeeds, has
placed an unprecedented pressure on wild fisheries,
raising ecological and economic concerns about the
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sustainability of harvesting forage fish, which are
integral to marine food webs (Naylor et al.,, 2021;
Monteiro et al., 2024). In response, worldwide experts
have mandated the approach of substituting the FM
with other suitable sources of protein, with plant-based
ingredients gaining prominence as one of the most
commonly used alternatives (Tacon and Metian, 2008;
Santigosa et al., 2008; Hardy, 2010; Nandakumar et al.,
2013; Turchini et al., 2019; Jannathulla et al., 2019; Qian
et al., 2024).

A suitable alternative to FM should possess specific
attributes such as consistent availability, high nutrient
quality, economic feasibility, good palatability and
digestibility, low levels of anti-nutritional factors (ANFs)
and non-starch polysaccharides (Jannathulla et al.,
2019). Although various animal-derived protein sources
have been tested as FM substitutes, their complete
replacement potential remains limited at the
commercial level. This is primarily due to their higher
lipid and saturated fatty acid content, as well as high ash
levels, which can impair digestibility in cultured fish
(Bureau, 2006; Nandakumar et al.,, 2013). Moreover,
certain regulations in many countries restrict the use of
animal by-products in aquafeeds, further limiting their
application (Shurson, 2020). Other similar evidences
have supported the interest of researchers to explore
plant-based protein sources as partial or total replacers
of FM (Sharma et al., 1978; Jalili et al., 2013; Geurden et
al., 2013; Mzengereza et al., 2016; Voorhees et al., 2019;
Soltan et al., 2023; Li et al., 2023).

Oil cakes serve as rich sources of protein in
aquafeeds and have demonstrated significant potential
as economical and sustainable alternatives to fish meal
(FM). Their abundant availability as by-products of the
edible oil industry further supports their feasibility for
large-scale inclusion in aquafeed formulations
(Ramachandran et al., 2007; Jannathulla et al., 2019;
Kumar et al., 2024). Among these, groundnut oil cake
(GNOC) stands out for its excellent palatability and high
crude protein content, approximately 41.73%. Several
studies have reported its positive impacts on fish growth
and performance, supporting its inclusion in aquafeed
formulations (Lovell, 1989; Khan et al., 2003; Ghosh and
Mandal, 2015).

Despite the potential of plant-based proteins as
sustainable alternatives to FM, their inclusion in the
diets of carnivorous fishes has produced variable results.
Replacement levels have typically ranged from 20% to
75%, with only limited to moderate success (Burel et al.,
2000; Pereira et al., 2003; Kaushik et al., 2004; Cabral et
al., 2011; Acar and Turker, 2018; Hosseini et al., 2021).
These limitations are primarily attributed to amino acid
deficiencies and the presence of anti-nutritional factors
(ANFs), which can negatively impact digestibility and
nutrient absorption in fish (@verland et al., 2009).
Nonetheless, the inclusion of certain probiotics in
aquafeeds may improve the digestibility of plant-protein
by reducing the adverse effects of anti-nutritional
factors and some non-starch  polysaccharides

(e.g., chitin and cellulose) (Bairagi et al., 2004; Wuertz et
al.,, 2021). Primarily, the diets supplemented with L.
acidophilus are known to improve feed utilization,
overall growth performance and enhance the immune
response in fishes (Lara-Flores et al., 2003; Villamil et al.,
2014; Foysal et al., 2020).

Oncorhynchus mykiss (Rainbow trout) is a
commercial fish species farmed mostly under semi-
intensive or intensive aquaculture systems
(Ghafarifarsani et al., 2021). O. mykiss has an annual
global production (inland, marine and coastal
aquaculture) of around 959,600 tons (FAO, 2022). Being
a carnivore, the fish species has a high dietary
requirement of digestible protein. Several studies have
confirmed the positive effects of probiotics as additives
in rainbow trout diets, thereby improving nutrient
utilization, feed conversion ratio, growth performance,
haematological indices and digestive enzyme activities
(Enferadi et al, 2018; Hoseinifar et al., 2018;
Mohammadian et al., 2019; Omidi et al., 2024).

With this background, the present study
investigated the effect of dietary replacement of FM
with probiotic-supplemented GNOC as a composite
functional ingredient, on growth performance and
welfare of O. mykiss fingerlings.

Material and Methods
Feed Formulation and Preparation

For diet preparation, all the dry ingredients were
ground, sieved, weighed and blended uniformly as per
the formulation, with the appropriate quantity of water
to ensure good dough consistency. The wet dough was
autoclaved for 15 minutes at 121°C. After cooking, the
prepared dough was left to cool, followed by adding
vitamin-mineral mixture and linseed oil (Malik et al.,
2024). The dough was compressed through a manual
hand pelletizer fitted with a die (2mm) to form wet
pellets. The wet pellets were spread on a plastic sheet
and subsequently semi-dried with forced air at room
temperature for 13-15 h. Probiotic, Lactobacillus
acidophilus was added to the diets by gradually spraying
250 mL of media containing 3.7x10° CFU/ml
approximately of live L. acidophilus to the semi-dried
pellets (Al-Dohail, 2009). The pellets were finally dried
at room temperature, crumbled, sieved, and stored in
air-tight jars at 4°C (Kahyani et al., 2021; Fan et al,,
2021). Moreover, 0.1 g homogenized sample of dried
pellets was added to 1 mL of deionized water to evaluate
the viability of L. acidophilus in experimental diets. Serial
dilutions were made up to 1077 and spread unto MRS
media (deMan, Rogosa, and Sharpe) agar plates in
triplicate, followed by incubating the plates at 30°C for
about 48 h. The colony-forming units (CFU) g were
determined using statistically viable plates (with 20-200
colonies), and the bacterial count was confirmed to be
approximately 3.01x107 CFU/kg of diet.
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A total of four iso-nitrogenous (45% crude protein),
iso-lipidic (16% crude lipid) and isocaloric (475.34
kcal/100g) diets were prepared sequentially to replace
FM with pGNOC (crude protein: 41%, crude lipid: 7.99%,
ash: 3.53%) by weight at different inclusion levels (0%,
10%, 20%, 30%) (Table 1). Crude protein content of 45%
was maintained in all the formulated diets based on
earlier information on the protein requirement of O.
mykiss fingerlings (Ahmed and Ahmad, 2020; Ahmad et
al., 2021). The diets were designated as:

TO (Control) — 0% FM replaced with pGNOC
T1-10% FM replaced with pGNOC
T2 - 20% FM replaced with pGNOC
T3 - 30% FM replaced with pGNOC

All experimental diets were analysed for proximate
composition following the methods of the Association of
Official Analytical Chemists (AOAC, 1990), including
crude protein (CP), moisture content, crude fibre, lipid
(fat), ash, and carbohydrates (calculated as nitrogen-
free extract). The bomb calorimeter (Microprocessor
Oxygen Bomb Calorimeter Model: CC01/M3, Toshniwal
Technologies Pvt. Ltd., India) was used to calculate the
gross energy of experimental diets.

Experimental Design

A healthy stock of rainbow trout (Oncorhynchus
mykiss) fingerlings was procured from Rainbow Trout
Hatchery, Mammar, Ganderbal. The 60-day feeding trial
was conducted at the Experiential Learning Unit,
Division of Aquaculture, Faculty of Fisheries, SKUAST-K.
Following procurement, the fish were given prophylactic

treatment for about 10-20 seconds with 0.05%
potassium permanganate (KMnQas) solution. From the
procured stock, a total of 160 trout fingerlings with an
average weight of 5£0.2 g were randomly allocated into
sixteen glass aquaria (10 fingerlings per aquarium)
supported by a flow-through system. Each aquarium
had a total volume of approximately 60 L (50 cm x 30 cm
x 40 cm), with an actual water volume maintained at
around 50 L.

The experimental setup followed a completely
randomised design consisting of four treatment groups
viz, To, T1, T2 and T3, each with four replicates. Before the
start of the experimental trial, the fingerlings were
acclimated for a period of 10 days and fed with control
(To) diet at 5% body weight. Fish were fed to satiation
twice (at 07:00 hours and 17:00 hours) a day and feed
consumption was recorded for each tank during the
entire study period.

Water Quality Maintenance

The water quality parameters were analysed at
weekly intervals by following the standard procedures
described by APHA (2012). Ideally, the samples were
collected during early morning hours before the usual
feeding schedule. Faeces and uneaten feed were
removed by siphoning 10 minutes after feeding.

All  the physico-chemical parameters were
recorded to be within the optimal ranges for rainbow
trout (Temperature: 14.1 to 15.9°C; pH: 7.53 to 8.16;
Free-C0»2:0.01t0 0.67 mg/L; D.O.: 7.6 to 8.41 mg/L; total
alkalinity: 65.26 to 77 mg/L; ammonia-N: 0.01-0.02
mg/L; total hardness: 81.14 to 92.09 mg/L, Table 2). The
water flow rate was maintained at 2.5 L/min tank™.

Table 1. Formulation and proximate composition (on dry matter basis) of different experimental diets fed to O. mykiss for a period of 60 days

Ingredients (g/100g)

Diets/Treatments?®

Control (To) (T1) (T2) (T3)
Fish meal 45.00 40.50 36.00 31.50
Soybean flour 35.00 37.50 40.00 43.00
Groundnut oil cake 0.00 4.50 9.00 13.50
Wheat flour 6.00 4.50 3.00 1.00
Rice bran 4.00 3.00 2.00 1.00
Fish oil 4.00 4.00 4.00 4.00
Linseed oil 4.00 4.00 4.00 4.00
Vitamin-Mineral mix? 1.00 1.00 1.00 1.00
Carboxymethylcellulose 1.00 1.00 1.00 1.00
Total 100.00 100.00 100.00 100.00
Probiotic (Lactobacillus acidophilus, CFU/kg3 of 0 3.01x107 3.01x107 3.01x107
diet)
Proximate Composition
Moisture % 8.95 8.04 8.10 8.00
Crude protein % 45.32 45.20 45.07 45.11
Lipid % 16.18 16.55 16.91 17.35
Crude Fibre % 5.03 3.71 3.67 2.69
Ash % 4.64 5.81 4.75 4.74
Nitrogen-Free Extract* % 19.88 20.69 21.50 22.11
Gross energy (kcal/100g) 471.65 478.32 485.00 492.22

1To (Control) — 0% FM replaced with pGNOC, T1 - 10% FM replaced with pGNOC, T2 - 20% FM replaced with pGNOC, Ts - 30% FM replaced with pGNOC, pGNOC-

GNOC + L. acidophilus.

2Halver 2002 mineral (AICI3-6H0, 150; ZnSO4-7H;0, 3000; CuCl,100; MNnSO4-4-6H,0, 800; KI,150; CoCly-6H,0,1000 mg/kg; plus USP # 2 Ca (HpPOg),.
H40, 135.8; CgH10Ca0g 327.0; CgH507Fe.5H70, 29.8; MgS04.7H50, 132.0; KHoPO, (dibasic), 239.8; NaHaPO4.2H50, 87.2; NaCl, 43.5 (g/ kg) and Vitamin

mix (choline chloride 5000: thiamin HCL 50; riboflavin 200; pyridoxine HCL 50; nicotinic acid 750; calcium pentothenate 500; inositol 2000; biotin 5.0; folic
acid 15; ascorbic acid 1000; menadione 40; alpha-tocopheryl acetate 400; cyanocobalamine 0.1 (g/kg).
3CFU: Colony forming unit. *Nitrogen-free extract= 100 - (moisture% + crude protein% + lipid% + crude fibre% +ash%).
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Sample Collection and Growth Performance

Before the experimental trial, 15 fingerlings of the
same size were randomly selected from the procured
stock, euthanized and a blood sample was collected
from each fingerling. Then, the same fingerlings were
frozen at -20 °C and later homogenized for estimating
whole body composition.

The fish survival was recorded throughout the
experimental trial. At the end of the trial, the fingerlings
were starved for 24-hour and weighed individually for
determining growth and feed utilization indices.
Percentage weight gain (WG%), specific growth rate
(SGR, % day™), feed conversion ratio (FCR), protein
efficiency ratio (PER), and survival (%) were calculated
using standard formulae as previously described by
Kesbig and Yigit (2019):

Ffw (g) — Ifw (g)

% =
we,% Ifw (g)

x 100

Where, Ffw: Final fish weight (g), Ifw: initial fish
weight (g).

Ln(Fww) (g) — lww (g)
Ed (g)

SGR,% d1 = x 100

Where, Fww: Final wet weight (g), Iww: Initial wet
weight (g), Ed: Experimental days.

Tfc
Twg

FCR =

Where, Tfc: Total feed consumed by fish (dry
weight in g), Twg: Total weight gain by fish (wet weight
in g)

Body weight gain (wet weight in g)
Protein intake (dry weight in g)

PER =

. Final number of fish
Survival (%) = Initial of fish x100

Haematological Analysis

Three fish from each tank were randomly sampled
and anaesthetized using clove oil (50 mg/l) prior to
collection of blood (Javahery et al., 2012). Blood samples
were drawn rapidly via venipuncture (i.e. from the
caudal vein) using a medical syringe coated with EDTA
solution (2.7%) and promptly transferred to heparinized
Eppendorf tubes. For estimating total leukocyte count
(TEC) and total erythrocyte count (TLC), a standard
haemocytometer equipped with Neubauer chamber
was used for manual counting of erythrocytes (RBCs)
and leucocytes (WBCs) by employing the methods
outlined by Gupta and Nigar, 2020.

Body Composition Analysis

After blood collection, the same fingerlings were
euthanized, stored at -20°C and later homogenized to
obtain a sample per replicate (Kasiga & Brown, 2019).
These samples were then analysed for body
composition parameters (AOAC, 1990).

Moisture content in the diets was estimated by
drying samples at 105°C in a hot-air oven until constant
weight was achieved (AOAC 1990, Method n0.934.01),
total crude protein content (Nitrogen content x 6.25)
was estimated by Kjeldahl method (AOAC 1990; method
no. 984.13), total lipid content was determined after
diethyl ether extraction using Soxhlet method s (Soxtec
System HT12, Foss Tecator AB; Hoganas, Sweden) and
total ash content was determined by combusting the
sample in an oven incineration muffle furnace (Labtech
Muffle furnace, Model LEF-130S-2, India) at a
temperature of 550°C for 6 h.

Apparent Digestibility of Dry Matter

Following the 8-week feeding trial, the four
experimental diets were modified to include an inert
marker (1% chromic oxide: Cr.0s powder) for
determination of apparent digestibility coefficients for
dry matter. Prior to initiation of digestibility experiment,
all the remaining fingerlings (18.5+2.1 g) present in each
tank underwent a 3-day conditioning period for
monitoring acceptability of the diets containing Cr,0s.

Table 2. Physico-chemical parameters of water recorded in different treatment groups during the experimental period of 60 days

Parameters Treatments!
To (Control) T1 T, T3

Temperature (°C) 14.14-15.11 14.12-15.18 14.11-15.22 14.16-15.96
pH (mg/l) 7.70-8.05 7.53-7.98 7.74-8.16 7.64-8.11
Free-CO,2 (mg/) 0.01-0.7 0.2-0.65 0.23-0.67 0.45-0.62
D.0.3 (mg/l) 7.71-8.33 7.6-8.41 7.82-8.35 7.72-8.31
Total alkalinity (mg/l) 67.6-76.71 66.44-76.51 65.26-77.00 63.39-75.82
Total hardness (mg/I) 81.35-92.05 81.35-91.75 71.55-90.73 81.14-92.09

To (Control) — 0% FM replaced with pGNOC, T1 - 10% FM replaced with pGNOC, T2 - 20% FM replaced with pGNOC, T3 - 30% FM replaced with
pGNOC, pGNOC- GNOC + L. acidophilus. *Free-CO,— Free carbon dioxide, 3D.0. — Dissolved oxygen.
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As the fingerlings rapidly accepted these diets, no
further conditioning period was required. The
fingerlings in each tank were fed by hand to visual
satiety twice daily for 10 days (Furukawa and Tsukahara,
1966). After every meal, the bottom of each tank was
cleaned by siphoning to remove uneaten feed. Then, fish
were left undisturbed for an hour and a half, and then
faecal material was manually siphoned onto a fine-mesh
net (Pena at al., 2020, Yigit and Keser, 2016). The faecal
samples from each tank were filtered through a pre-
weighed glass filter, pooled in accordance with the
marked treatment group and stored at -20°C until
tested for digestibility.

To estimate Cr203, feed, faecal samples, and blanks
were analysed in triplicate. Faecal samples were
thawed, dried, ground, and homogenized. One gram
from each was reserved for moisture and ash analysis.
After adding 1 mL distilled water, samples were dried at
60-80°C and ashed in a muffle furnace at 550°C for 1
hour. The ash was digested with 5mL of 6 M HCI,
evaporated to dryness, and dissolved in 30 mL of warm
0.1 N N,0;. The solution was filtered and diluted to
50 mL with distilled water. Chromium concentration
was measured using flame atomic absorption
spectrophotometry, following Monteiro et al. (2002).

The apparent digestibility coefficient of dry matter
(ADCowm) was calculated as per Maynard et al. (1981) for
all test diets:

ADCDM (%) =100 - {100[(Crdiet /DMdiet) X (DMfaeces / Crfaeces)]}

Where, Crgiet= % Cr203in the diet, Crfaeces=% Cr203
in the faeces, DMgiet= % Dry matter in diet, DMfaeces= %
Dry matter in faeces

Statistical Analysis

The analysis was done using the statistical
program, IBM SPSS Statistics V22.0. In order to compare
mean values across different treatment groups, the
recorded data were subjected to one-way analysis of
variance (ANOVA). Duncan's Multiple Range Test
(DMRT) was then used to identify specific values
between pairs of means. The differences were
considered statistically significant at 5% level of
probability (P<0.05). The results were reported as
meanztstandard error (SE).

Results
Growth, Feed Utilization Parameters and Survival

The dietary inclusion of probiotic-supplemented
GNOC significantly (P<0.05) affected the growth
performance of rainbow trout fingerlings over a 60-day
experimental period (Table 3). The final weight was
significantly (P<0.05) higher in the To and T:i groups
across all the treatments. A significant (P<0.05) higher
WG% and SGR was recorded in To and T1 while the Ts
group demonstrated significantly (P<0.05) lowest
values. Moreover, a significant (P<0.05) lower FCR was
observed in To and T1 groups. The PER was significantly
(P<0.05) higher in the fingerlings fed with Toand T diets.
However, there was no significant effect (P>0.05) of any
experimental diet on the survival (%) of O. mykiss
fingerlings among different groups.

Haematology

The results of haematological parameters in
different treatment groups are shown in Table 4. There
was no significant (P>0.05) difference in haematological
parameters such as TEC and TLC among the treatments.

Whole-Body Composition

At the termination of the experimental trial, the
whole-body composition of fish showed a significant
difference (P<0.05) in moisture, crude protein and lipid
content. In contrast, no significant difference (P>0.05)
was observed in total ash content among different
treatment groups (Table 5). The TO and T1 groups
exhibited significantly (P<0.05) higher moisture and
crude protein contents, along with significantly (P<0.05)
lower lipid content compared to the other groups.

Apparent Dry Matter Digestibility

The apparent digestibility coefficient of dry matter
(ADCom) was significantly (P<0.05) affected by various
experimental diets (Figure 1). The To and Ti groups
indicated significantly (P<0.05) highest ADCpom among
the various treatments. However, no significant
variation (P>0.05) was observed between To and T:
groups.

Table 3. Growth performance, feed utilization and survival of O. mykiss fingerlings fed with different experimental diets for a period

of 60 days

Treatments! IW2 (g) FW3 (g) WG (g) WG (%) SGR> FCR® PER” Survival (%)
To 5.08+0.03 19.76+0.02@ 14.68+0.042 289.4+2.242 2.27+0.012 1.85+0.01¢ 1.64+0.01* 86.46+0.48
T1 5.07£0.02 19.63+0.022 14.55+0.04® 286.99+2.14® 2.26+0.01*> 1.86%#0.01°¢ 1.63+0.02® 86.08+0.69
T, 5.01+0.01 18.48+0.03° 13.38+0.03®  262.2+0.89 2.15+0° 1.96+0b 1.55+0.02>  85.01+0.2
T3 5.09+0.03 17.22+0.08¢ 12.1440.1¢ 238.75+2.94¢ 2.03+0.01¢ 1.99+0.02@ 1.52+0.01¢ 85.01+0.23
p-value >0.05 <0.05 <0.05 <0.05 <0.05 <0.05 >0.05 >0.05

1To (Control) — 0% FM replaced with pGNOC, T: - 10% FM replaced with pGNOC, T, - 20% FM replaced with pGNOC, Tz - 30% FM replaced with

pPGNOC, pGNOC- GNOC + L. acidophilus.

2|W= Initial weight, 3FW= Final weight, *“WG = Weight gain, >SGR= Specific Growth Rate, °FCR= Feed Conversion Ratio, ’PER= Protein Efficiency Ratio.
The data was expressed as MeanzStandard Error of Means (SEM), (n = 4). Different superscript letters in the same column denote significant

differences (P<0.05) between the experimental groups.
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Discussion

With the escalating costs of FM and its associated
environmental impact, finding effective substitutes is
essential for reducing production costs and ensuring the
long-term sustainability of aquaculture. The results of
this study provide important insights into the potential
of L. acidophilus-supplemented groundnut oil cake
(PGNOC) as a sustainable alternative to FM in
aquafeeds. In this section, we discuss the observed
effects on growth performance, feed utilization,
haematology, and apparent dry matter digestibility
(ADCom) in O. mykiss fingerlings, emphasizing the
importance of reducing reliance on FM.

In the current study, similar growth performance
and feed utilization were observed in the control (TO: 0%
replacement of FM with pGNOC) and the T1 group (10%
replacement of FM with pGNOC), as measured by
percentage weight gain, specific growth rate, feed
conversion ratio, and protein efficiency ratio. The
Lactobacillus species used in this study contributes
amino acids (e.g., methionine, cysteine), peptides,
vitamins, enzymes (tannase and phytase), and organic
acids (Odunfa et al., 2001; Osawa et al., 2006; Sharma et
al., 2020; Sugahara et al., 2021), potentially mitigating
the limitations of plant-based proteins. This likely
explains the trend of insignificant variations in growth
performance and feed utilization between the Control
(To) and Ti: groups. However, an increase in FM
replacement from 10% to 30% led to a gradual decline
in growth performance and feed utilization. This decline
is likely caused by higher proportions of anti-nutritional
components (protease inhibitors (trypsin inhibitor),
tannins, and phytic acid) present in GNOC, which are

known to impair growth performance in fish (Maitra and
Ray, 2003; Mandal and Ghosh, 2010; Nyina-wamwiza et
al., 2010).

Previous research has shown that plant protein
sources can only partially replace FM in O. mykiss diets,
with reported dietary inclusion of up to 10% for peanut
oil cake (Acar and Turker, 2018), 15% for hazelnut oil
cake (Dogan, 2015), 20% for rice protein concentrate
(Palmegiano et al., 2006), and 15% for red lentil meal
(OGzdemir and Yildiz, 2019). Beyond these levels, marked
declines in growth performance, protein efficiency ratio,
and increases in FCR have been documented. Consistent
with these findings, our study also observed reductions
in percent weight gain and specific growth rate, along
with a marked increase in feed conversion ratio, as the
level of FM replacement increased beyond 10% FM
replacement. The survival rates for all experimental
groups exceeded 95% with mortalities being attributed
to fish that jumped out of the tanks. Moreover, there
were no significant differences (P>0.05) in survival
among the experimental groups aligning with the
findings described by Montazeri Parchikolaei et al.,
2021, who found no distinct effect on fish survival when
FM was replaced with probiotic-supplemented soybean
diets. The growth performance and feed utilization
results of the present study depict that probiotic
supplemented GNOC diets could replace 10% FM in the
diet of rainbow trout fingerlings.

The haematological profile of a fish is a major
indicator of its physiological state and general health
status that ultimately impacts the production
performance of a culture system. By combining standard
diagnostic techniques, the haematological profile can be
potentially used to monitor disease prevalence and/or

Table 4. Total erythrocyte count and total leucocyte count of O. mykiss fingerlings fed with different experimental diets for a period

of 60 days

Treatments? Total erythrocyte count (x105/ mm3) +SEM Total Leucocyte Count (x103/ mm3) £ SEM
Control (To) 1.2940.1 8.31+0.23

T1 1.42+0.03 8.41+0.25

T, 1.43+0.03 8.57+0.14

T3 1.44+0.02 8.58+0.21

p value >0.05 >0.05

T, (Control) — 0% FM replaced with pGNOC, T1 - 10% FM replaced with pGNOC, T - 20% FM replaced with pGNOC, T3 - 30% FM replaced with
PGNOC, pGNOC- GNOC + L. acidophilus. The data was expressed as MeanzStandard Error of Means (SEM), (n=4). Different superscript letters in the
same column denote significant differences (P<0.05) between the experimental groups.

Table 5. Whole body composition (% wet weight basis) of O. mykiss fingerlings fed with different experimental diets for a period of

60 days

Treatments! Moisture Crude Protein Total Lipid Total Ash
To 76.47+0.042 15.64+0.012 5.38+0.04 ¢ 2.72+0.04
T1 76.4210.032 15.63+0.02° 5.42+0.01bc 2.6810.06
T, 76.41+0.022 15.56+0.03b 5.47+0.012b 2.6710.11
T3 76.36+0.03b 15.48+0.02¢ 5.52+0.032 2.65+0.11
p value <0.05 <0.05 <0.05 >0.05

To (Control) — 0% FM replaced with pGNOC, T:1 - 10% FM replaced with pGNOC, T, - 20% FM replaced with pGNOC, T3 - 30% FM replaced with
pGNOC, pGNOC- GNOC + L. acidophilus. The data was expressed as meanzstandard Error of Means (SEM), (n=4). Different superscript letters in the
same column denote significant differences (P<0.05) between the experimental groups.
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Figure 1. Apparent Digestibility Coefficients of Dry Matter (%) recorded for O. mykiss fingerlings subjected to different dietary
treatments. Note: 'To (Control) — 0% FM replaced with pGNOC, T1 - 10% FM replaced with pGNOC, T, - 20% FM replaced with pGNOC, Ts - 30%

FM replaced with pGNOC, pGNOC- GNOC + L. acidophilus.

assess stress-inducing conditions (Tavares-Dias and
Moraes, 2006; Pavlidis et al., 2007). These blood
components are important for monitoring feed toxicity,
particularly concerning constituents that may influence
blood formation during fish production (Oyawoye and
Ogunkunle, 2004, Malik et al., 2024). In this study, TEC
across different treatment groups did not indicate any
adverse effects with increased inclusion levels of
probiotic-supplemented GNOC in fingerling diets. These
findings align with previous studies, which suggest that
oil cakes used as FM replacements generally do not
negatively impact TEC (Acar and Turker, 2018;
Montazeri Parchikolaei et al., 2020). However, a slight,
albeit insignificant increase in TEC was recorded in all
treatment groups compared to the Control (To) group.
This observation is consistent with the reports by
Shahzad et al. (2023) and Irianto and Austin (2002), who
also noted a minor, non-significant increase in TEC in O.
mykiss fed with probiotic-supplemented diets.

In addition to known benefits for fish survival and
growth, lactic acid bacteria, are reported to improve
disease resistance in fish by their ability to stimulate
both cellular and humoral immune responses (Wang et
al., 2008; Qi et al., 2009). In this study, Total leukocyte
count (TLC) did not differ significantly between
treatment groups, which is consistent with findings by
Montazeri Parchikolaei et al.,, 2020 that probiotic-
supplemented plant-based protein sources did not
significantly affect TLC when used to replace FM in fish
diets.

The whole-body crude protein content exhibited a
decreasing trend when dietary FM replacement levels
increased. This is possibly due to the deficiency of
essential amino acids such as methionine, cysteine, and
lysine in GNOC (Green et al., 1988). Concurrently, total
moisture content also decreased, while lipid content

increased, likely due to the different sources of the
dietary lipid content, as different lipid sources affect
lipid deposition (Gong et al., 2024). This finding is
consistent with the studies by Murray et al., 1977; Deng
et al., 2006; Palmegiano et al., 2006; Shafaeipour et al.,
2008; and Giroy et al., 2012. On the other hand, no
significant variations were observed in the whole-body
composition of fish fed with diets replacing 0% and 10%
of FM with probiotic-supplemented GNOC (pGNQOC).
These results are consistent with Sealey et al., (2009)
and Montazeri Parchikolaei et al., (2020), who reported
insignificant variation between control and treatment
groups fed probiotic-supplemented plant-based diets
replacing FM. Additionally, total ash content remained
consistent across all dietary treatments, corroborating
the findings of Shafaeipour et al., (2008). Overall, the
whole-body composition in this study indicates that
replacing 10% of FM with probiotic-supplemented
GNOC does not adversely affect O. mykiss fingerlings.
Apparent dry matter digestibility (ADCobwm)
measures the efficiency with which feed or feed
ingredients are digested, indicating the availability of
nutrients for fish growth and maintenance. ADCpm also
provides a more accurate estimation of the indigestible
material in animal feeds rather than focusing solely on
some specific individual nutrients (Mzengereza et al.,
2016). According to Li et al. (2013), a low ADCowm typically
suggests a higher percentage of indigestible materials in
the feed. In the current feeding trial, the ADCpwm values
decreased across treatments with increased inclusion
levels of GNOC in the diets. As a carnivorous species, O.
mykiss has a less specialized gut for digesting and
absorbing plant-based materials. The reduced dry
matter digestibility with higher incorporation of plant
ingredients likely results from the increased fibre
content and anti-nutritional factors (OrtizChura et al.,
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2018; Luo et al, 2008). Moreover, the general
decreasing trend in ADCom observed with the dietary
increase of probiotic-supplemented GNOC across
treatments aligns with previous studies reporting
reduced dry matter digestibility as plant proteins
replacement for FM in O. mykiss diets (Pandey and
Satoh, 2008; Nang Thu et al., 2011; OrtizChura et al.,
2018). It has been reported that gram-positive bacteria,
particularly Lactobacillus spp., can secrete exogenous
enzymes that enhance digestive processes by increasing
overall enzymatic activity in the fish intestine (Suzer et
al., 2008; Essa et al., 2010; Mohapatra et al., 2012).
These enzymes can tolerate a wider pH range, thereby
extend the digestion period and maximize nutrient
utilization (Essa et al., 2010). However, the ADCowm for
the group fed with pGNOC in replacement of 10% FM
was similar to that of the control (TO) diet in trout, which
can be attributed to the combinatorial effect of the
presence of L. acidophilus and the lower fibre content
and anti-nutritional factors present in the diet
containing lower inclusion level of GNOC.

Conclusion

The study concludes that L. acidophilus-
supplemented GNOC (pGNOC) can effectively replace
up to 10% of fish meal in the diet of O. mykiss fingerlings
without showing any detrimental effects on growth
performance indices, feed utilization parameters, whole
body composition, haematology and digestibility. In this
study, pGNOC was evaluated as a composite functional
ingredient, and the individual effects of GNOC and
probiotic supplementation were not isolated. Further
research is warranted to investigate the distinct roles of
each component in fish meal replacement strategies.
Future research should also explore optimizing probiotic
formulations and reducing anti-nutritional factors in
GNOC to enable higher FM replacement levels,
contributing to more sustainable aquaculture practices.

Ethical Statement

The experimental design and methodology were
approved by the members of the Institutional Animal
Ethics Committee (IAEC), Faculty of Veterinary Sciences
and Animal Husbandry, Shuhama, SKUAST-Kashmir,
India (Reg. No: 1809/GO/ReBiS/Rel/15/CPCSEA). The
research methodology was in strict compliance with the
protocols demonstrated by IAEC.

Funding Information

No funding was received to carry out this research
study.

Author Contribution
Sadiya Farooq: Conceptualization, Methodology,

Investigation, Visualization, Data Curation, Formal
analysis, Writing- Original draft preparation. Anayitullah

TRIFAS27918
Chesti: Conceptualization, Resources, Project
administration, Validation, Supervision. Mansoor
Ahmad Rather: Conceptualization, Methodology,

Resources, Validation, Supervision. Mohd Ashraf Malik:
Methodology, Data Curation, Formal analysis, Writing-
review & editing, Supervision. Anam Aijaz:
Methodology, Data curation, Writing-review & editing.
Syed Sharig Nazir Qadiri: Supervision, Methodology,
Data curation. Irshad Ahmad: Data curation, Formal
Analysis, Validation. Bilal Ahmad Bhat: Formal analysis,
Validation. Junaid Ahmad Khan: Methodology. Uzma
Nazir: Reviewing. Sayima Majeed: Methodology. Farhat
Zameer: Methodology.

Conflict of Interest

The authors declare that they have no known
competing financial or non-financial, professional, or
personal conflicts that could have appeared to influence
the work reported in this paper.

Acknowledgements

The first author gratefully acknowledges the non-
teaching staff of the Aquaculture Division, SKUAST-
Kashmir, for their assistance in assembling and setting
up the aquariums for the culture system. The author
also acknowledges the technical staff of the Disease
Investigation Lab, Sheep Husbandry Department,
Srinagar, for their assistance in proximate composition
analysis.

References

Acar, U., & Tiirker, A. (2018). The effects of using peanut meal
in rainbow trout (Oncorhynchus mykiss) diets on the
growth performance and some blood parameters.
Aquaculture Studies, 18(2), 5-13.
https://doi.org/10.4194/2618-6381-v18_2_02

Ahmed, I., & Ahmad, I. (2020). Effect of dietary protein levels
on growth performance, hematological profile and
biochemical composition of fingerlings rainbow trout,
Oncorhynchus mykiss reared in Indian himalayan region.
Aquaculture Reports, 16, 100268.
https://doi.org/10.1016/j.aqrep.2019.100268

Ahmad, I., Ahmed, I., & Dar, N. A. (2021). Effects of dietary
leucine levels on growth performance,
hematobiochemical parameters, liver profile, intestinal
enzyme activities and target of rapamycin signalling
pathway related gene expression in rainbow trout,
Oncorhynchus mykiss fingerlings. Aquaculture Nutrition,
27(6), 1837-1852.
https://doi.org/10.1111/anu.13321

Al-Dohail, M. A., Hashim, R., & Aliyu-Paiko, M. (2009). Effects
of the probiotic, Lactobacillus acidophilus, on the growth
performance, haematology parameters and
immunoglobulin concentration in African Catfish (Clarias
gariepinus, Burchell 1822) fingerling. Aquaculture
Research, 40(14), 1642-1652.
https://doi.org/10.1111/j.1365-2109.2009.02265.x

American Public Health Association (APHA). (2012). Standard
Methods for the Examination of Water and Wastewater,



Turkish Journal of Fisheries & Aquatic Sciences

TRIFAS27918

22nd ed. American Public Health Association (APHA),
Washington, DC.
https://doi.org/10.2105/SMWW.2882.002

AOAC. Association of Official Analytical Chemists. (1990).
Official Methods of Analysis of International. 20th
Edition, Benjamin Franklin Station, Washington DC.

Bairagi, A., Sarkar Ghosh, K., Sen, S. K., & Ray, A. K. (2004).
Evaluation of the nutritive value of Leucaena
leucocephala leaf meal, inoculated with fish intestinal
bacteria Bacillus subtilis and Bacillus circulans in
formulated diets for rohu, Labeo rohita (Hamilton)
fingerlings. Aquaculture research, 35(5), 436-446.
https://doi.org/10.1111/j.13652109.2004.01028.x

Gupta, N., & Nigar, S. (2020). Detection of Blood Parasites and
Estimation of Hematological Indices in Fish.
Experimental Protocols in Biotechnology, 43-73.
https://doi.org/10.1007/978-1-0716-0607-0_4

Boyd, C.E., McNevin, A.A. & Davis, R.P. (2022). The
contribution of fisheries and aquaculture to the global
protein supply. Food Sec. 14, 805-827.
https://doi.org/10.1007/s12571-021-01246-9

Bureau, D. P. (2006). Rendered products in fish aquaculture
feeds. Essential rendering. National Renderers
Association, Alexandria, Virginia, USA, 179-184.

Burel, C., Boujard, T., Kaushik, S. J., Boeuf, G., Van Der Geyten,
S., Mol, K. A., Kiihn, E.R., Quinsac, A., Krouti, M. &
Ribaillier, D. (2000). Potential of plant-protein sources as
FM substitutes in diets for turbot (Psetta maxima):
growth, nutrient utilisation and thyroid status.
Aquaculture, 188(3-4), 363-382.
https://doi.org/10.1016/500448486(00)00342-2

Cabral, E. M., Bacelar, M., Batista, S., Castro-Cunha, M., Ozério,
R. 0. A, & Valente, L. M. P. (2011). Replacement of
fishmeal by increasing levels of plant protein blends in
diets for Senegalese sole (Solea senegalensis) juveniles.
Aquaculture, 322, 74-81.
https://doi.org/10.1016/j.aquaculture.2011.09.023

Cottrell, R. S., Blanchard, J. L., Halpern, B. S., Metian, M., &
Froehlich, H. E. (2020). Global adoption of novel
aquaculture feeds could substantially reduce forage fish
demand by 2030. Nature Food, 1(5), 301-308.
https://doi.org/10.1038/s43016-020-0078-x

Deng, J., Mai, K., Ai, Q., Zhang, W., Wang, X., Xu, W., & Liufu,
Z. (2006). Effects of replacing FM with soy protein
concentrate on feed intake and growth of juvenile
Japanese flounder, Paralichthys olivaceus. Aquaculture,
258(1-4), 503-513.
https://doi.org/10.1016/j.aquaculture.2006.04.004

Dewali, S., Sharma, N., Melkani, D., Arya, M., Kathayat, N.,
Panda, A. K., & Bisht, S. S. (2023). Aquaculture:
Contributions to Global Food Security. In Emerging
Solutions in Sustainable Food and Nutrition Security (pp.
123-139). Cham: Springer International Publishing.
https://doi.org/10.1007/978-3-031-40908-0_6

Dogan, G., & Bircan, R. (2015). The effects of diets containing
hazelnut meal supplemented with synthetic lysine and
methionine on development of rainbow trout,
Oncorhynchus mykiss. Turkish Journal of Fisheries and
Aquatic Sciences, 15(1), 119-126.
http://doi.org/10.4194/1303-2712-v15_1 13

Enferadi, M. H. N., Mohammadizadeh, F., Soltani, M., Bahri, A.
H., & Sheikhzadeh, N. (2018). Effects of Lactobacillus
plantarum on growth performance, proteolytic enzymes
activity and intestine morphology in rainbow trout

(Oncorhynchus mykiss). Turkish Journal of Fisheries and
Aquatic Sciences, 18(2), 351-356.
https://doi.org/10.4194/1303-2712v18 2_14

Essa, M. A., El-Serafy, S. S., El-Ezabi, M. M., Daboor, S. M.,
Esmael, N. A, & Lall, S. P. (2010). Effect of different
dietary probiotics on growth, feed utilization and
digestive enzymes activities of Nile tilapia, Oreochromis
niloticus. Journal of the Arabian Aquaculture Society,
5(2), 143-162.

Fan, Y., Wang, X., Wang, Y., Liu, H., Yu, X,, Li, L., Ye, H., Wang,
S., Gai, C,, Xu, L., J. Diao., & Guo, P. (2021). Potential
effects of dietary probiotics with Chinese herb
polysaccharides on the growth performance, immunity,
disease resistance, and intestinal microbiota of rainbow
trout (Oncorhynchus mykiss). Journal of the World
Aquaculture Society, 52(6), 1194-1208.
https://doi.org/10.1111/jwas.12757

Foysal, M. J., Fotedar, R., Siddik, M. A., & Tay, A. (2020).
Lactobacillus acidophilus and L. plantarum improve
health status, modulate gut microbiota and innate
immune response of marron (Cherax cainii). Scientific
reports, 10(1), 5916.
https://doi.org/10.1038/s41598-020-62655-y

Furukawa, A., & Tsukahara, H. (1966). On the acid digestion
method for the determination of chromic oxide as an
index substance in the study of digestibility of fish feed.
Bulletin of the Japanese society of scientific fisheries,
32(6), 502-508.

Ghafarifarsani, H., Rashidian, G., Bagheri, T., Hoseinifar, S. H.,
& Van Doan, H. (2021). Study on growth enhancement
and the protective effects of dietary prebiotic inulin on
immunity responses of rainbow trout (Oncorhynchus
mykiss) fry infected with Aeromonas hydrophila. Annals
of Animal Science, 21(2), 543-559.
https://doi.org/10.2478/a0as2020-0074

Ghosh, K., & Mandal, S. (2015). Nutritional evaluation of GNOC
in formulated diets for rohu, Labeo rohita (Hamilton)
fingerlings after solid state fermentation with a tannase
producing yeast, Pichia kudriavzevii (GU939629) isolated
from fish gut. Aquaculture Reports, 2, 82-90.
https://doi.org/10.1016/j.aqrep.2015.08.006

Gokulakrishnan, M., Kumar, R., Ferosekhan, S., Siddaiah, G. M.,
Nanda, S., Pillai, B. R.,, & Swain, S. K. (2023). Bio-
utilization of brewery waste (Brewer's spent yeast) in
global aquafeed production and its efficiency in
replacing fishmeal: From a sustainability viewpoint.
Aquaculture, 565, 739161.
https://doi.org/10.1016/j.aquaculture.2022.739161

Gong, Y., Chen, S., Wang, Z., Li, W., Xie, R., Zhang, H., Huang,
X., Chen, N. and Li, S. (2024). Dietary lipid sources affect
growth performance, lipid deposition, antioxidant
capacity and inflammatory response of largemouth bass
(Micropterus salmoides). Fish & Shellfish Immunology,
150, 109635.

Green, S., Bertrand, S. L., Duron, M. J., & Maillard, R. (1988).
Digestibility of amino acids in soya-bean, sunflower and
groundnut meal, measured in pigs with ileo-rectal
anastomosis and isolation of the large intestine. Journal
of the Science of Food and Agriculture, 42(2), 119-128.
https://doi.org/10.1002/jsfa.2740420204

Guroy, D., Giroy, B., Merrifield, D. L., Tekinay, A. A., Davies, S.
J., & Sahin, I. (2012). Effects of fish oil and partial FM
substitution with oilseed oils and meals on growth
performance, nutrient utilization and health of the



Turkish Journal of Fisheries & Aquatic Sciences

TRIFAS27918

rainbow trout Oncorhynchus mykiss. Aquaculture
International, 20, 481-497.
https://doi.org/10.1007/s10499-011-9479-z

Geurden, I., Borchert, P., Balasubramanian, M. N., Schrama, J.
W., Dupont-Nivet, M., Quillet, E., Kaushik, S.J., Panserat,
S., & Médale, F. (2013). The positive impact of the early-
feeding of a plant-based diet on its future acceptance
and utilisation in rainbow trout. PloS one, 8(12), e83162.
https://doi.org/10.1371/journal.pone.0083162

Hardy, R. W. (2010). Utilization of plant proteins in fish diets:
effects of global demand and supplies of fishmeal.
Aquaculture research, 41(5), 770-776.
https://doi.org/10.1111/j.1365-2109.2009.02349.x

Hoseinifar, S. H., Sun, Y. Z.,, Wang, A., & Zhou, Z. (2018).
Probiotics as means of diseases control in aquaculture, a
review of current knowledge and future perspectives.
Frontiers in microbiology, 9, 2429.
https://doi.org/10.3389/fmicb.2018.02429

Hosseini Shekarabi, S. P., Shamsaie Mehrgan, M., Banavreh, A,
& Foroudi, F. (2021). Partial replacement of fishmeal
with corn protein concentrate in diets for rainbow trout
(Oncorhynchus mykiss): Effects on growth performance,
physiometabolic responses, and fillet quality.
Aquaculture Research, 52(1), 249-259.
https://doi.org/10.1111/are.14887

Irianto, A., & Austin, B. (2002). Use of probiotics to control
furunculosis in rainbow trout, Oncorhynchus mykiss
(Walbaum). Journal of fish diseases, 25 (6), 333-342.
https://doi.org/10.1046/j.1365-2761.2002.00375.x

Jalili, R., Tukmechi, A., Agh, N., Noori, F., & Ghasemi, A. (2013).
Replacement of dietary FM with plant sources in
rainbow trout (Oncorhynchus mykiss) effect on growth
performance, immune responses, blood indices and
disease resistance.

Jannathulla, R., Rajaram, V., Kalanjiam, R., Ambasankar, K.,
Muralidhar, M., & Dayal, J. S. (2019). Fishmeal
availability in the scenarios of climate change:
Inevitability of fishmeal replacement in aquafeeds and
approaches for the utilization of plant protein sources.
Aquaculture Research, 50(12), 3493-3506.
https://doi.org/10.1111/are.14324

Javahery, S., Nekoubin, H. and Moradlu, A. H. (2012). Effect of
anaesthesia with clove oil in fish (review). Fish
Physiology and Biochemistry 38: 1545-1552.
https://doi.org/10.1007/s10695-012-9682-5

Kahyani, F., Pirali-Kheirabadi, E., Shafiei, S., & Shenavar
Masouleh, A. (2021). Effect of dietary supplementation
of potential probiotic Weissella confusa on innate
immunity, immunerelated genes expression, intestinal
microbiota and growth performance of rainbow trout
(Oncorhynchus mykiss). Aquaculture Nutrition, 27(5),
1411-1420. https://doi.org/10.1111/anu.13279

Kasiga, T., & Brown, M. L. (2019). Replacement of fish meal
with processed carinata (Brassica carinata) seed meal in
low animal protein diets of rainbow trout (Oncorhynchus
mykiss). Aquaculture Nutrition, 25 (4), 959-969.
https://doi.org/10.1111/anu.12914

Kaushik, S. J., Coves, D., Dutto, G., & Blanc, D. (2004). Almost
total replacement of FM by plant protein sources in the
diet of a marine teleost, the European seabass,
Dicentrarchus labrax. Aquaculture, 230(1-4), 391-404.
https://doi.org/10.1016/500448486(03)00422-8

Kesbig, O. S., & Yigit, M. (2019). Structural and chemical
changes of grape seed extract after thermal processing
and its use in rainbow trout (Oncorhynchus mykiss) diets

as an organic feed supplement. Aquaculture, 503, 275-
281. https://doi.org/10.1016/j.aquaculture.2019.01.021

Khan M.A,, Jafri A.K., Chadha N.K. & Usmani N. (2003) Growth
and body composition of rohu (Labeo rohita) fed diets
containing oilseed meals: partial or total replacement of
FM with soybean meal. Aquaculture Nutrition 9, 391-
396. https://doi.org/10.1046/j.1365-2095.2003.00268.x

Kumar, M., Bangar, S. P., & Panesar, P. S. (Eds.). (2024). Oilseed
Meal as a Sustainable Contributor to Plant-Based
Protein: Paving the Way Towards Circular Economy and
Nutritional Security. Springer Nature.

Lara-Flores, M., Olvera-Novoa, M. A., Guzman-Méndez, B. E.,
& Lopez-Madrid, W. (2003). Use of the bacteria
Streptococcus faecium and Lactobacillus acidophilus,
and the yeast Saccharomyces cerevisiae as growth
promoters in Nile tilapia (Oreochromis niloticus).
Aquaculture, 216(1-4), 193-201.
https://doi.org/10.1016/500448486(02)00277-6

Li, M. H., Oberle, D. F., & Lucas, P. M. (2013). Apparent
digestibility of alternative plant protein feedstuffs for
channel catfish, Ictalurus punctatus (Rafinesque).
Aquaculture Research, 44(2), 282-288.
https://doi.org/10.1111/j.1365-2109.2011.03035.x

Li, B., Su, L., Sun, Y., Huang, H., Deng, J., & Cao, Z. (2023).
Evaluation of Cottonseed Meal as an Alternative to FM
in Diet for Juvenile Asian Red-Tailed Catfish Hemibagrus
wyckioides. Aquaculture Nutrition, 2023(1), 1741724.
https://doi.org/10.1155/2023/1741724

Lovell R.T. (1989) Feed formulation and processing. In:
Nutrition and Feeding of Fish (ed. by R.T. Lovell), Van
Nostrand Reinhold, NewYork, NY, USA pp.107-127.

Luo, Z., Tan, X. Y., Chen, Y. D., Wang, W. M., & Zhou, G. (2008).
Apparent digestibility coefficients of selected feed
ingredients for Chinese mitten crab Eriocheir sinensis.
Aquaculture, 285(1-4), 141-145.
https://doi.org/10.1016/j.aquaculture.2008.08.004

Maitra, S., & Ray, A. K. (2003). Inhibition of digestive enzymes
in rohu, Labeo rohita (Hamilton), fingerlings by tannin:
an in vitro study. Aquaculture research, 34(1).
https://doi.org/10.1046/j.1365-2109.2003.00792.x

Malik, M.A., Sardar, P., Munilkumar, S., Varghese, T., Kumar,
S., Gupta, G., Chandan, G.M. and Bhat, N.M. (2024).
Comparative evaluation of raw and fermented
Eichhornia crassipes leaf meal in the diet of Cyprinus
carpio fingerlings: Effects on growth performance, body
composition and haemato-biochemical responses.
Animal Feed Science and Technology, 310, 115947.

Mandal, S., & Ghosh, K. (2010). Accumulation of tannin in
different tissues of Indian major carps and exotic carps.
Aquaculture Research, 41(6), 945.
https://doi.org/10.1111/j.1365-2109.2009.02371.x

Maynard L. A,, Loosli J. K., Hintz H. F., Warner R. G., 1981
Nutricion animal. 4 th Edition, pp. 22-47, Mc Graw Hill,
New York, USA.

Mohammadian, T., Nasirpour, M., Tabandeh, M. R., Heidary,
A. A., Ghanei-Motlagh, R., & Hosseini, S. S. (2019).
Administrations of autochthonous probiotics altered
juvenile rainbow trout Oncorhynchus mykiss health
status, growth performance and resistance to
Lactococcus garvieae, an experimental infection. Fish &
shellfish immunology, 86, 269-279.
https://doi.org/10.1016/].fsi.2018.11.052

Mohapatra, S., Chakraborty, T., Prusty, A. K., Das, P,
Paniprasad, K., & Mohanta, K. N. (2012). Use of different
microbial probiotics in the diet of rohu, Labeo rohita



Turkish Journal of Fisheries & Aquatic Sciences

TRIFAS27918

fingerlings: effects on growth, nutrient digestibility and
retention, digestive enzyme activities and intestinal
microflora.  Aquaculture  Nutrition, 18(1), 1-11.
https://doi.org/10.1111/j.1365-2095.2011.00866.x

Monteiro, M., Costa, R. S., Sousa, V., Marques, A., S3, T,
Thoresen, L., Aldaghi, S.A., Costamagna, M., Perucca, M.,
Kousoulaki, K. & Valente, L. M. P. (2024). Towards
sustainable aquaculture: Assessing polychaete meal
(Alitta virens) as an effective fishmeal alternative in
European seabass (Dicentrarchus labrax) diets.
Aquaculture, 579, 740257.
https://doi.org/10.1016/j.aquaculture.2023.740257

Monteiro, M.I.C., Fraga, I.C.S., Yallouz, A.V., De Oliveira,
N.M.M. and Ribeiro, S.H., 2002. Determination of total
chromium traces in tannery effluents by electrothermal
atomic absorption spectrometry, flame atomic
absorption spectrometry and UV-visible
spectrophotometric methods. Talanta, 58(4), 629-633.

Montazeri Parchikolaei, H., Abedian Kenari, A., Esmaeili, N.
(2020). Soya bean-based diets plus probiotics improve
the profile of fatty acids, digestibility, intestinal
microflora, growth performance and the innate
immunity of beluga (Huso huso). Aquaculture Research.
https://doi.org/10.1111/are.14877

Murray, M. W., Andrews, J. W., & DelLoach, H. L. (1977). Effects
of dietary lipids, dietary protein and environmental
temperatures on growth, feed conversion and body
composition of channel catfish. The Journal of nutrition,
107(2), 272-280.
https://doi.org/10.1093/jn/107.2.272

Mzengereza, K., Singini, W., Msiska, O. V., Kapute, F.,
Kang’ombe, J. & Kamangira, A. (2016). Apparent nutrient
digestibility of plant based diets by Tilapia rendalli
(Boulenger, 1896). Journal of Aquaculture Research and
Development 7(2): 1-6.
https://doi.org/10.4172/21559546.1000396

Nandakumar, S., Ambasankar, K., Dayal, J. S., Raman, C., & Alj,
S. R. (2013). FM replacement with chicken waste meal in
Asian seabass (Lates calcarifer) feeds. Indian Journal of
Fisheries, 60(2), 109-114.

Nang Thu, T. T., Bodin, N., De Saeger, S., Larondelle, Y., &
Rollin, X. (2011). Substitution of FM by sesame oil cake
(Sesamum indicum L.) in the diet of rainbow trout
(Oncorhynchus mykiss W.). Aquaculture Nutrition, 17(1),
80-89.
https://doi.org/10.1111/j.13652095.2009.00732.x

Naylor, R. L., Hardy, R. W., Buschmann, A. H., Bush, S. R., Cao,
L., Klinger, D. H., Little, D.C., Lubchenco, J., Shumway,
S.E., & Troell, M. (2021). A 20-year retrospective review
of global aquaculture. Nature, 591(7851), 551-563.
https://doi.org/10.1038/s41586021-03308-6

Nyina-wamwiza, L., Wathelet, B., Richir, J., Rollin, X., &
Kestemont, P. (2010). Partial or total replacement of fish
meal by local agricultural by-products in diets of juvenile
African catfish (Clarias gariepinus): growth performance,
feed efficiency and digestibility. Aquaculture Nutrition,
16 (3), 237-247.
https://doi.org/10.1111/j.13652095.2009.00658.x

Odunfa, S. A., Adeniran, S. A., Teniola, O. D., & Nordstrom, J.
(2001). Evaluation of lysine and methionine production
in some lactobacilli and yeasts from Ogi. International
journal of food microbiology, 63(1-2), 159-163.
https://doi.org/10.1016/501681605(00)00320-2

OECD/FAO (2024), OECD-FAO Agricultural Outlook 2024-2033,
OECD Publishing, Paris/FAO, Rome,

https://doi.org/10.1787/4c5d2cfb-en.

Omidi, A. H., Adel, M., Bahri, A. H., Yahyavi, M.,
Mohammadizadeh, F., Impellitteri, F., & Faggio, C.
(2024). Synergistic dietary influence of fermented red
grape vinegar and Lactobacillus acidophilus on growth
performance, carcass composition, and intestinal
morphology of rainbow trout (Oncorhynchus mykiss).
Aquaculture Reports, 36, 102122.
https://doi.org/10.1016/j.aqrep.2024.102122

Ortiz-Chura, A., Pari-Puma, R. M., Rodriguez Huanca, F. H.,
Cerdn-Cucchi, M. E., & Aranibar Aranibar, M. J. (2018).
Apparent digestibility of dry matter, organic matter,
protein and energy of native Peruvian feedstuffs in
juvenile rainbow trout (Oncorhynchus mykiss). Fisheries
and Aquatic Sciences, 21, 1-7.
https://doi.org/10.1186/s41240-0180111-2

Osawa, R., Fujisawa, T., & Pukall, R. (2006). Lactobacillus
apodemi sp. nov., a tannase producing species isolated
from wild mouse faeces. International journal of
systematic and evolutionary microbiology, 56(7), 1693-
1696.
https://doi.org/10.1099/ijs.0.64147-0

@verland, M., Sgrensen, M., Storebakken, T., Penn, M.,
Krogdahl, A., & Skrede, A. (2009). Pea protein
concentrate substituting FM or soybean meal in diets for
Atlantic salmon (Salmo salar)—Effect on growth
performance, nutrient digestibility, carcass composition,
gut health, and physical feed quality. Aquaculture,
288(3-4), 305-311.
https://doi.org/10.1016/j.aquaculture.2008.12.012

Oyawoye, B. M., & Ogunkunle, H. N. (2004). Biochemical and
haematological reference values in normal experimental
animals. New York: Mason, 212-216.
https://doi.org/10.1136/jcp.32.1.96-b

Ozdemir, K. Y., & Yildiz, M. (2019). Effects of dietary FM
replacement by red lentil meal on growth and amino acid
composition of rainbow trout (Oncorhynchus mykiss).
Alinteri Journal of Agriculture Science, 34(2), 194-203.
https://doi.org/10.28955/alinterizbd.666012

Palmegiano, G. B., Dapra, F., Forneris, G., Gai, F., Gasco, L.,
Guo, K., Peiretti, P.G., Sicuro, B., & Zoccarato, I. (2006).
Rice protein concentrate meal as a potential ingredient
in practical diets for rainbow trout (Oncorhynchus
mykiss). Aquaculture, 258(1-4), 357-367.
https://doi.org/10.1016/j.aquaculture.2006.04.011

Pandey, A., & Satoh, S. (2008). Effects of organic acids on
growth and phosphorus utilization in rainbow trout
Oncorhynchus mykiss. Fisheries science, 74, 867-874.
https://doi.org/10.1111/j.1444-2906.2008.01601.x

Pavlidis, M., Futter, W. C., Katharios, P., & Divanach, P. (2007).
Blood cell profile of six Mediterranean mariculture fish
species. Journal of Applied Ichthyology, 23(1), 70-73.
https://doi.org/10.1111/j.1439-0426.2006.00771.x

Pefia, E., Badillo-Zapata, D., Viana, M. T., & Correa-Reyes, G.
(2020). Use of grape pomace in formulated feed for the
rainbow trout fry, Oncorhynchus mykiss (Walbaum,
1792). Journal of the World Aquaculture Society, 51(2),
542-550. https://doi.org/10.1111/jwas.12669

Pereira, T. G., & Oliva-Teles, A. (2003). Evaluation of corn
gluten meal as a protein source in diets for gilthead sea
bream (Sparus aurata L.) juveniles. Aquaculture
Research, 34(13), 1111-1117.
https://doi.org/10.1046/j.1365-2109.2003.00909.x



Turkish Journal of Fisheries & Aquatic Sciences

TRIFAS27918

Qi, Z., Zhang, X. H., Boon, N., & Bossier, P. (2009). Probiotics in
aquaculture of China—Current state, problems and
prospect. Aquaculture, 290(1-2), 15-21.
https://doi.org/10.1016/j.aquaculture.2009.02.012

Qian, Y. F.,, Limbu, S. M., Qiao, F., Luo, Y., Chen, L. Q., Zhang,
M. L., & Du, Z. Y. (2024). Seeking the best alternatives: A
systematic review and meta-analysis on replacing
fishmeal with plant protein sources in carnivorous fish
species. Reviews in Aquaculture.
https://doi.org/10.1111/raq.12888

Ramachandran, S., Singh, S. K., Larroche, C., Soccol, C. R., &
Pandey, A. (2007). Oil cakes and their biotechnological
applications—A review. Bioresource technology, 98(10),
2000-2009.
https://doi.org/10.1016/j.biortech.2006.08.002

Santigosa, E., Sanchez, J., Médale, F., Kaushik, S., Pérez-
Sanchez, J., & Gallardo, M. A. (2008). Modifications of
digestive enzymes in trout (Oncorhynchus mykiss) and
sea bream (Sparus aurata) in response to dietary FM
replacement by plant protein sources. Aquaculture,
282(1-4), 68-74. https://doi.org/10.1016/j.aquaculture-
.2008.06.007

Sealey, W. M., Barrows, F. T., Smith, C. E., Overturf, K., &
LaPatra, S. E. (2009). Soybean meal level and probiotics
in first feeding fry diets alter the ability of rainbow trout
Oncorhynchus mykiss to utilize high levels of soybean
meal during growout. Aquaculture, 293 (3-4), 195-203.
https://doi.org/10.1016/j.aquaculture.2009.04.013

Shafaeipour, A., Yavari, V., Falahatkar, B., Maremmazi, J. G., &
Gorjipour, E. (2008). Effects of canola meal on
physiological and biochemical parameters in rainbow
trout (Oncorhynchus mykiss). Aquaculture Nutrition,
14(2), 110-119. https://doi.org/10.1111/j.13652095.-
2007.00509.x

Shahzad, M. M., Hussain, S. M., Hussain, M., Ahmad, N., Tahir,
L., & Akhtar, K. (2023). Effect of eco-friendly probiotics-
supplemented rapeseed meal-based diet on the
performance of Catla catla fingerlings. Environmental
Science and Pollution Research, 30(44), 9921999230.
https://rdcu.be/d0z3Y

Sharma, N. K., Lodhi, G. N., & Ichhponani, J. S. (1978).
Comparative feeding value of expeller processed
undecorticated and decorticated cottonseed cakes for
growing chicks. The Journal of Agricultural Science, 91(3),
531-541.
https://doi.org/10.1017/50021859600059906

Sharma, N., Angural, S., Rana, M., Puri, N., Kondepudi, K. K., &
Gupta, N. (2020). Phytase producing lactic acid bacteria:
Cell factories for enhancing micronutrient bioavailability
of phytate rich foods. Trends in Food Science &
Technology, 96, 1-12.
https://doi.org/10.1016/j.tifs.2019.12.001

Soltan, N. M., Soaudy, M. R., Abdella, M. M., & Hassaan, M. S.
(2023). Partial dietary fishmeal replacement with
mixture of plant protein sources supplemented with
exogenous enzymes modify growth performance,
digestibility, intestinal morphology, haematobio-
chemical and immune responses for Nile tilapia,

Oreochromis niloticus. Animal Feed Science and
Technology, 299, 115642.
https://doi.org/10.1016/j.anifeedsci.2023.115642

Shurson, G. C. (2020). “What a waste”—can we improve
sustainability of food animal production systems by
recycling food waste streams into animal feed in an era
of health, climate, and economic crises? Sustainability,
12(17), 7071. https://doi.org/10.3390/su12177071

Sugahara, H., Nagayama, K., Ikeda, S., Hirota, T. and Nakamura,
Y. 2021. D-and l-amino acid concentrations in culture
broth of Lactobacillus are highly dependent on the
phylogenetic group of Lactobacillus. Biochemistry and
Biophysics Reports 27: 101073.
https://doi.org/10.1016/j.bbrep.2021.101073

Suzer, C., Coban, D., Kamaci, H. O., Saka, S., Firat, K.,
Otgucuoglu, 0., & Kiigiiksari, H. (2008). Lactobacillus spp.
bacteria as probiotics in gilthead sea bream (Sparus
aurata, L.) larvae: effects on growth performance and
digestive enzyme activities. Aquaculture, 280(1-4), 140-
145. https://doi.org/10.1016/j.aquaculture.2008.04.020

Tacon, A. G., & Metian, M. (2008). Global overview on the use
of FM and fish oil in industrially compounded aquafeeds:
Trends and future prospects. Aquaculture, 285(1-4), 146-
158. https://doi.org/10.1016/j.aquaculture.2008.08.015

Tavares-Dias, M., & Ruas de Moraes, F. (2006). Hematological
parameters for the Brycon orbignyanus Valenciennes,
1850 (Osteichthyes: Characidae) intensively bred.
Hidrobioldgica, 16(3), 271-274.

Turchini, G. M., Trushenski, J. T., & Glencross, B. D. (2019).
Thoughts for the future of aquaculture nutrition:
realigning perspectives to reflect contemporary issues
related to judicious use of marine resources in
aquafeeds. North American Journal of Aquaculture,
81(1), 13-39. https://doi.org/10.1002/naaq.10067

Villamil, L., Reyes, C., & Martinez-Silva, M. A. (2014). In vivo
and in vitro assessment of Lactobacillus acidophilus as
probiotic for tilapia (Oreochromis niloticus, Perciformes:
Cichlidae) culture improvement. Aquaculture Research,
45(7), 1116-1125. https://doi.org/10.1111/are.12051

Voorhees, J. M., Barnes, M. E., Chipps, S. R., & Brown, M. L.
(2019). Bioprocessed soybean meal replacement of FM
in rainbow trout (Oncorhynchus mykiss) diets. Cogent
Food & Agriculture, 5(1), 1579482.
https://doi.org/10.1080/23311932.2019.1579482

Wang, Y. B,, Li, J. R., & Lin, J. (2008). Probiotics in aquaculture:
challenges and outlook. Aquaculture, 281(1-4), 1-4.
https://doi.org/10.1016/j.aquaculture.2008.06.002

Wouertz, S., Schroeder, A., & Wanka, K. M. (2021). Probiotics in
fish nutrition—long-standing household remedy or
native nutraceuticals? Water, 13(10), 1348.
https://doi.org/10.3390/w13101348

Yigit, N. O., & Keser, E. (2016). Effect of cellulase, phytase and
pectinase supplementation on growth performance and
nutrient digestibility of rainbow trout (Oncorhynchus
mykiss, Walbaum 1792) fry fed diets containing canola
meal. Journal of Applied Ichthyology, 32(5), 938-942.
https://doi.org/10.1111/jai.13088



