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Journal of Aquaculture — A Peer-Reviewed Scientific Journal

The Editorial Board of the Journal of Aquaculture Research and Studies
(ARS) is pleased to present this issue to researchers, academics, and stake-
holders, marking the launch of a peer-reviewed scientific platform dedicated
to the publication of rigorous research and applied studies in the fields of
aquaculture and its related sciences.

The establishment of this journal comes in response to the growing need
for advancing scientific knowledge within the aquaculture sector, as it stands
as a fundamental pillar of food security, sustainable development, and the
Blue Economy, while addressing accelerating environmental challenges. The
journal seeks to bridge the gap between scientific research and practical ap-
plication, encouraging innovation and knowledge transfer to serve research-
ers, policymakers, and both the public and private sectors.

The Journal of Aquaculture is committed to the highest standards of sci-
entific peer-review and academic integrity. All submitted manuscripts un-
dergo a rigorous review process conducted by a distinguished panel of expe-
rienced specialists, ensuring content quality, originality, and a meaningful
contribution to the advancement of this vital field.

Our ambition is for this journal to serve as an effective scientific forum
that facilitates the exchange of expertise among researchers at both national

and international levels. Furthermore, it aims to support research capacity
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building and enhance the visibility of studies related to aquaculture in both
coastal and inland environments.

In conclusion, we extend our sincere gratitude and appreciation to all re-
searchers, reviewers, and editorial board members who contributed to the pro-
duction of this issue. We hope that this journal will represent a qualitative
addition to the scientific landscape and a sustainable platform for creativity
and research excellence.

Prof. Masauda Abuarosh
Editor-in-Chief
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In the Name of Allah, the Most Gracious, the Most Merciful

It is our distinct pleasure and honor to present to researchers, specialists,
and esteemed readers the inaugural issue of the journal: (Aquaculture - Re-
search and Studies). This journal is launched as a specialized, peer-reviewed
scientific platform with a clear vision: to bolster rigorous scientific research
in one of the most vital sectors impacting the future of global food security
and environmental sustainability.

The inception of this journal stems from our deep realization of the pro-
found challenges facing the aquatic environment, and the promising opportu-
nities offered by the aquaculture sector as a fundamental pillar of the "Blue
Economy." The shift toward science and innovation in this field is no longer
an academic luxury; rather, it has become an urgent necessity to address rapid
population growth and the depletion of natural resources.

Why this Journal? Our ambition through (Aquaculture - Research and Stud-

ies) transcends the mere publication of research papers. We aspire to be a

bridge connecting scientific laboratories with practical fields by:

*  Publishing original and innovative studies in the fields of aquaculture,
nutrition, and aquatic animal health.

« Providing a reliable scientific reference for decision-makers and inves-
tors within this sector.

»  Supporting young researchers and opening horizons for international

publication through precise and transparent peer-review standards.
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In this regard, we extend our deepest gratitude and appreciation to eve-
ryone who contributed to bringing this scientific endeavour to light-starting
with the esteemed members of the Editorial Board, the Advisory Committee,
and the researchers who placed their trust in our journal for its maiden issue,
as well as the reviewers who exerted great effort to ensure the quality and
integrity of the scientific discourse.

Today, we open our doors to every creative pen and enlightened mind,
praying to Almighty Allah that this journal serves as a solid brick in the edi-
fice of scientific research and a beacon guiding minds toward a sustainable
aquatic future.

Allah is the Giver of Success.
Managing Editor

Dr. Fatima Alewife
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Abstract: This study aimed to evaluate the effects of
pre-treatment of carob seed germ meal (CSGM) on the
digestibility and metabolic responses of red tilapia.
Three treatments were used (raw CSGM, soaked
CSGM, and autoclaved CSGM, and incorporated at
30% into experimental diets compared with a reference
diet free of CSGM. Red tilapia were fed these diets for
four weeks, after which fecal samples were collected to
determine apparent digestibility coefficients. Blood
samples were obtained at various postprandial intervals
to assess changes in plasma glucose, cholesterol, and
amylase activity. The results showed that soaking and
autoclaving significantly reduced anti-nutritional fac-
tors, including tannins, phytic acid, saponins, and tryp-
sin inhibitors, without causing major alterations in the
basic nutrient composition of CSGM. These treatments
also improved the digestibility of dry matter, protein,
and energy compared with the diet containing untreated
CSGM, with soaked CSGM vyielding the highest digest-
ibility values. Blood metabolites peaked 8 hours after
feeding across all treatments. Fish fed the reference diet
exhibited higher plasma glucose and cholesterol levels
and lower amylase activity than those fed CSGM-based
diets. Overall, the findings indicate that pre-treatment of
CSGM enhances digestibility and reduces anti-


mailto:%20basitfadel@yahoo.com
mailto:%20basitfadel@yahoo.com
mailto:%20basitfadel@yahoo.com
mailto:%20basitfadel@yahoo.com

AQUAUCLATURE

Research and Studies 1 (1): 15-01, 2026 page 2 of 193

Received: 9/10/ 2025
Accepted: 11/8 2025
Publish online:

nutritional constraints, supporting its potential as a via-
ble alternative ingredient in red tilapia diets.

Key words: red tilapia, pre-treatment CSGM, Anti-nutrients, Digestibil-
ity.
g\;w&w pagh o QA Lok Cuia Lagd ddswal) datlaal) s
¥ ) s Ll (B J gl sSlly 5Sslally Salal)
s Ol sl cOleadl 1 anin D) Aol sda Caagh 1 palitual)
@ Y] Shlll e L) Cllaiul)y aagl) ad e Gigyall
Aalaally cAegiially alall Qg Al Hsh cpial CDlalae G Gul
damn e Alibes A3)lhe wpnd BDle 3 %30 Ly Leah) o« DISHYL
Bl jaa) Bl dlledd cule L Al sh o e Al
gl Clalea Cluial bl Gl Cieady bl da)l 524l 55830
e A daie) cligl 8 sl an e s ) Jilia) cdgppllal
Coelal L abael) Jaliig «Jg il oSllg ¢ 3eSslall b hyuaal) aea )l 3l
Jalgadl 8 (ssina Oamin ) LY OISV Alaleally i) of bl
Gilladies csbally i) (aeny SLall) @l Ly Ll salead)
RESNSTLCEEN ORI { gk k53 Uy g D3 YEN L ISP ERIgNg |
O lly Ala) salal) arad cBlalaa ady b COlaall @l Cregud LS
o el Ll G AN ek o o D) Adalls &lae a3kl
Glaldll by Adaaagll adll Gauad b goriall Qg Al Hsd Gais Boi
Lagt ccDlabeal) puand L33l o cilele 8 an Lgig)yd dusgyaall diganl
sSslall e el Gligiae Daaapall EDIL il Gl cli
AV Bl e ubel) Bl ge B8 cilisiaag JgsenlsSlly
g pmgll i Cag A1) )s%s Guind Aassal) dallaal) o ) il uds
el Gl EDle & s 5SS lalgan ha Lea cdladiall Jalsal



AQUAUCLATURE
Research and Studies 1 (1): 15-01, 2026 page 3 of 193

1. Introduction

Aquaculture is the global fastest growing agri-food industry with an
annual growth of almost 9% (Toufique and Belton, 2014). The success of the
aquaculture industry is highly dependent on the prices of aquafeeds. Thus,
there is a need to identify new, high quality and more cost-effective ingredi-
ents that will enable the efficient growth of fish at a cheaper cost (Couto et
al., 2016). Soybean meal (SBM) is considered to be an alternative to fishmeal
(FM) in reducing feed cost (Storebakken et al., 2000) because it contains a
comparatively well-balanced amino acid profile and high protein (Chou et al.,
2004). On the other hand, the demand for FM and plant-based sources of pro-
teins including SBM, maize and wheat has risen among aquaculture and
farmed animals in recent years with a concomitant increase in the prices of
these legumes and grains. In most tropical countries, SBM and oils used in
the feed milling are imported and thereby increase feed costs (Azaza et al.,
2009).

SBM and carob seed germ meal (CSGM) have about same protein
content (>50%) and share a balanced amino acid profile except for the sulphur
amino acids (Dakia et al., 2007; Maza et al., 1989). CSGM may offer flexi-
bility as an aquafeed ingredient if it can fully or partially replace SBM. How-
ever, the presence of ANFs may limit the use of CSGM (Alexis, 1990). Gilt-
head sea bream shows a low digestibility for protein and energy when un-
treated CSGM is included in its diet (Martinez-Llorens et al., 2012), and the
digestibility decreases with increasing CSGM inclusion level. This phenom-
enon is likely the result of increased ANFs and fibre content. There are many
factors that limit the digestibility of raw materials (Alvira et al., 2010). The
most frequently encountered factors are the processing conditions, the pres-
ence of ANFs, the chemical and physical composition of proteins, and the
fibre content. However, many pre-treatment methods such as autoclaving,
cooking, extruding, fermentation, water-soaking, alkali and acid supplemen-
tation can be employed to partially or completely deactivate some ANFs in
legume seeds (Francis et al., 2001).

The application of heat on legume seeds is necessary for the improve-
ment of its digestibility in rainbow trout possibly due to the inactivation of
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ANFs (Pfeffer et al., 1995). Hydrothermally processed Prosopis juliflora seed
meal has been known to enhance the growth and food utilization of rohu
(Labeo rohita) fingerlings in comparison with unprocessed seed meal (Bhatt
etal., 2011). Dehulled pea meal has also been shown to have higher apparent
digestibility coefficients (ADCs) for energy, crude protein, and essential
amino acids in silver perch compared to whole pea meal (Allan, 2000). Re-
cently Couto et al. (2016) reported that growth performance and feed utilisa-
tion in meagre juveniles are significantly improved when fed autoclaved
CSGM. This study comparatively investigated the variations in the proximate
composition, ANFs, ADCs, and glucose loading of untreated and pretreated
CSGM used as a plant-based protein source in red tilapia diet.

2. Materials and methods

2.1. Pre-treatment of CSGM and diet preparation

The carob seeds were milled using a laboratory mill (Panasonic MX-
800S, Japan) by moderate crushing. To separate the germ from the endo-
sperm, the crushed granules were sieved (2—2.5 mm). The germ was further
purified several times using different sieve meshes (Endecotts Ltd.) to ex-
clude the husks and gum residue from the final product. The final product
was separated into three portions for further processing.

The first portion was autoclaved at 121°C at 1.05 kPa cm ™2 for 30 min
while the second portion was soaked in water (1:5, w/v) for 24 h. The third
portion was not pre-treated. Autoclaved and soaked germ granules were
drained and oven-dried at 55°C. Untreated and pre-treated germ granules
were separately ground using a 0.6 mm screen. On the basis of the nutrient
and amino acid composition (Table 7.1) of the feedstuffs, a reference diet was
prepared to meet all nutrient requirements of tilapia. Three test diets were
prepared to contain 70% reference diet and 30% untreated, soaked and auto-
claved CSGM Cho and Slinger (1979). The composition of reference and test
diets are shown in Table 7.2. Chromic oxide (Cr.O3) was included in all diets
to serve as an inert marker at a concentration of 1%.

All ingredients were well mixed and then extruded using a twin-screw ex-
truder (Sima, SJSZ) into 4 mm @ pellets at the Bioprocessing Laboratory,
Malaysian Agricultural Research and Development Institute (MARDI). The



AQUAUCLATURE
Research and Studies 1 (1): 15-01, 2026 page 5 of 193

barrel temperatures were maintained at 100-120°C and the die head temper-
ature was set at 150°C. Subsequently, the feed was oven-dried at 55°C and
stored in air-tight plastic containers at ambient temperature.
2.2 Feeding and sampling
The digestibility study was conducted in the Wet Laboratory, Depart-

ment of Aquaculture, Faculty of Agriculture, UPM. Juvenile red tilapia were
sourced from the Puchong Aquaculture Experimental Station, UPM. The fish
were acclimatised for 14 days in 1000-L fiberglass tanks and given a com-
mercial tilapia diet (Star Feed 32% protein) for 2 weeks. The fish (initial
weight 85.5 + 5 g) were randomly stocked in 120-L glass aquaria at 10 fish
per tank. All treatments were carried out in triplicates. Fish were fed to satia-
tion twice a day (0900 and 1600h) for 4 weeks. Faecal samples were collected
from Day 4 to allow for the complete evacuation of the acclimatisation diet.
The faecal matter was carefully siphoned out from the tank floor (3 h after
the first feeding and 0.5 h before the second feeding) as described by
Vasagam et al. (2007). Following the collection of the final faecal samples,
the fish were fasted for 72 h. Three fish per dietary treatment were euthanized
at0, 4, 8, 16 and 24 h after feeding one meal. The fish were anesthetised with
clove essential oil. Collection of blood samples was made from the caudal
veins, centrifuged at 8000 rpm for 10 min, and then plasma glucose, choles-
terol, and amylase were determined using an automated analyser (Hitachi
902).
Table 1: Proximate and amino acid composition (% as fed basis), and antinutritional factors
in carob seed germ meal, fishmeal and soybean meal

Nutri- _. Untreated  Soaked Autoclaved

ent  Hishmeal  SBM CSGM  CSGM  CSGM

Dry  91.01£0.0 89.91+0.9 93.38+0.11 92.35+0.11 92.39+0.12

mat- O 1

ter
Crude 56.64+0.1 4597+0.2 40.05+0.11 40.75+0.33 40.88+0.38
pro- 2 9

tein



AQUAUCLATURE

Research and Studies 1 (1): 15-01, 2026

page 6 of 193

Nutri- Fishmeal  SBM Untreated  Soaked Autoclaved
ent CSGM CSGM CSGM
Crude 1.55+0.10 1.40+0.09 2.29+0.01 2.30+0.02 2.29+0.02
lipid
Crude 23.4+0.2 6.29+0.11 6.68+0.45 6.40+0.45 5.85+1.07
ash
Crude - 3.36£0.03 10.91+0.01 11.02+0.07 11.04+0.11
fibre
NFE 32.85+0.7

- 0 33.45+0.36 31.93+0.36 32.33+0.26
N sol- 74.14+0.22 62.05+0.14 38.87+0.24
ubil- a b ¢
ity
Essential amino acid
Argi- 3.86+£0.00 2.88+0.00
nine 4.42+0.04  4.84+0.00 5.160.00
Histi- 1.73+0.01 2.35+0.01
dine 1.24+0.01 1.154+0.00 1.0440.00
Iso- 2.49+0.00 2.11+0.00
leu-
cine 1.36£0.00  1.39+0.00 1.38+0.01
Leu- 4.26+0.02 3.86+0.01
cine 2.46+0.02  2.79+0.00  3.00+0.02
Ly- 4.32+0.01 2.53+0.00
sine 1.89+40.00 2.23+0.00 2.68+0.02
Me- 1.83+0.00 0.53+0.00
thio-
nine 0.44+0.00  0.39+0.01  0.35+0.00
Phe- 2.10+£0.01 2.25+0.01
nylal-
anine 1.36£0.00 1.36+0.00  1.48+0.00
Thre- 2.78+0.00 1.64+0.01
onine 1.404+0.01 1.47£0.00 1.61%0.00
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Nutri- . Untreated  Soaked Autoclaved
ent  Fishmeal  SBM CSGM  CSGM  CSGM
Va- 1.99+0.02 1.86+0.01

line 1.67+0.01  1.70+0.01  1.72+0.00
Anti-nutrional factor

Tan- 2.77+0.12%  0.80+0.03° 0.78+0.00°
nins*

Phyti 0.91+0.03*  0.33+0.05° 0.26+0.00°
c

acid?

Sapo- 0.33+0.01* 0.21+0.00° 0.16+.01°
nins®

Tryp- 6.45+0.61% 4.13+0.38° 1.15+0.07¢
sinin-

hibi-

tor*

As tannic acid equivalent per mg/g sample. 2 As mg/g. 2As dysgenic equiva-
lent per mg/g sample *As Milligram of pure trypsin inhibited per gram of
sample.
2.3. Water quality

Every morning, the measurement of the temperature and dissolved oxy-
gen was taken while measurement of the ammonia, pH and nitrite was done
once a week. The water temperature, dissolved oxygen, ammonia, nitrite, and
pH ranged 25-28°C, 5.8-6.3 mg L%, < 0.5 mg, < 0.1 mg L™ and 7.0-8.0,
respectively. There was a 50% water exchange for each aquarium at every 3-
day intervals.
2.4. Chemical analysis

All ingredients, experimental diets, and freeze-dried faeces were finely
milled before they were analysed. Proximate analyses were conducted as de-
scribed in AOAC (1997). The essential amino acid concentrations of all the
ingredients (FM, CSGM, and SBM) and diets were established with high-
performance liquid chromatography (HPLC) as defined Strydom and Cohen
(1994). The nitrogen solubility in raw and processed CSGM samples was
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computed according to the method as described in Araba and Dale (1990).
ANFs in untreated and pre-treated CSGM (tannins, phytic acid, the activity
of trypsin inhibitors and saponins) were measured based on the methods de-
scribed in AOAC (1997),

Table 2: Composition of reference and test diets (% as fed basis)

Test Ingredient

Ingredient Reference  Untreated Soaked Autoclaved
CGSM CGSM CGSM

Raw CSGM 0 29.3 0 0

Soaked

CSGM 0 0 29.3 0

Autoclaved

CSGM 0 0 0 29.3

Fishmeal 23.36 16.88 16.88 16.88

Soybean meal 35.7 24.75 24.75 24.75

Tapioca 30.04 20.82 20.82 20.82

starch

Oci:“de palm 5 9 5.47 5.47 5.47

Vitamin - pre- 0.69 0.69 0.69

mix

Mineral - pre- 0.69 0.69 0.69

mix

_Chromlc OX- 4 1 1 1

ide

Proximate composition
Dry matter 05.15+1.27 95.13+2.30 95.06%+1.30 94.81+1.58

Ash 9.63+0.07 8.81+0.05 8.71+0.01 8.55+0.06
Protein 31.41+0.41 33.84+0.06 35.25+0.41 35.06+0.08
Lipid 7.76+0.01 5.97+0.08 6.97+0.20 6.69+0.15
Crude fibre 3.13+0.15 5.61+0.56 5.96+0.93 5.90+0.13

Carbohydrate 46.86+1.42 46.50+2.24 43.10+1.26 44.51+1.52
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Test Ingredient

Ingredient Reference  Untreated Soaked Autoclaved
CGSM CGSM CGSM

Gross energy 17.11+0.19 17.63+0.42 18.09+0.17 17.85+0.03
(kIg™

Essential amino acids

Arginine 2.61+0.00 2.50+0.00  2.70+0.00 2.93+0.00
Histidine 1.55+0.01 0.91+0.00  0.770.00 0.89+0.00
Isoleucine 1.24+0.02 1.15+0.00  1.25+0.00 1.34+0.00
Leucine 2.14+0.00 2.33+0.00  2.43+0.00 2.73+0.00
Lysine 2.1140.00 1.98+0.00  2.18+0.01 2.26+0.00
Methionine  1.21+0.01 1.01+0.00  1.04+0.00 1.11+0.01
Phenylalanine 1.34+0.00 1.32+0.00  1.42+0.00 1.49+0.00
Threonine 1.54+0.00 1.28+0.00  1.38+0.00 1.45+0.00
Valine 1.3940.00 1.37#0.00  1.37+0.00 1.58+0.00

2 Vitamin premix (g kg™ premix): ascorbic acid, 45; myo-inositol, 5; choline chloride, 75;
niacin, 4.5; riboflavin, 1; pyridoxine, 1; thiamine mononitrate, 0.92; Ca-pantothenate, 3; ret-
inyl acetate, 0.6; cholecalciferol, 0.083; vitamin K menadione, 1.67; a-tocopheryl acetate
(500 1U gh), 8; biotin, 0.02; folic acid, 0.09; vitamin B12, 0.001; cellulose, 845.11.

b Mineral premix (g kg—1 premix): KCL, 90; KI, 0.04; CaHPO4-2H20, 500; NaCl, 40;
CuS04:5H20, 3; ZnS04-7H20, 4; CoS04, 0.02; FeS04-7H20, 20; MnS04-H20, 3;
CaCo3, 215; MgOH, 124; Na2Se03, 0.03; NaF, 1.

The chromic oxide in the diets and faeces was measured following
Furukawa and Tsukahara (1966). Sample was digested in a Kjeldatherm
block digestion unit until a white precipitate was obtained, and absorbance
was determined at 350 nm using an atomic absorption spectrophotometer
(Shimadzu, UV-1800).

The ADCs of nutrients and energy for the reference and test diets were
computed following Maynard et al. (1979) as described below.

F D
ADC (%) =100 x [1 = (52) * (7))
The ADC of dry matter was computed using the folllowing formula:
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ADC (%) =100 x (1 —&)
o) = Fc

where:
F = the nutrient concentration or energy in faeces
D = the nutrient concentration or energy in the diet
Dc = the chromium oxide concentration in the diet
Fc = the chromium oxide concentration in faeces.
The apparent digestibility coefficients of the test ingredients was approx-

imated following Cho and Slinger (1979):

ADC ingredient(%) = >x( ADC in test diet — 0.7 X

ADC inreference diet)
2.5. Statistical analyses
All data were shown as means + standard deviation. A one-way anal-

ysis of variance (ANOVA) was utilised for the data analyses, after prior con-
firmation of homogeneity and normality. If differences were significant (P <
0.05), Duncan's multiple range tests were performed to locate differences be-
tween treatments. The SPSS version 22.0 (SPSS Inc., USA) was used for all
statistical analyses.
3. Results

There was no significant variation in the content of nutrients between
untreated and processed CSGM. Soaked and autoclaving CSGM resulted in
significantly lower ANFs, such as total tannins, phytic acid, saponins, and
trypsin inhibitors (Table 1). Pre-treating CSGM by soaking or autoclaving
considerably enhanced the apparent digestibility of dry matter, proteins, li-
pids, energy, ash and carbohydrate compared to untreated CSGM (Table 3).
Plasma glucose, amylase and cholesterol levels (Table 4, Figures 1 and 2)
peaked at 8 h after feeding for all groups. Plasma glucose and cholesterol
levels were higher, and plasma amylase was lower in fish fed the reference
diet than the levels observed in fish fed CGSM diets.
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Table 3: Apparent digestibility coefficient (%) of nutrients and energy of CGSM in red ti-
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lapia
. . CGSM

Nutrient Reference diet Raw Soaked Autoclaved
Dry matter 67.39+0.14 57.92+0.16° 62.96+0.31% 61.99+0.41°
Protein 84.78+0.66 58.48+0.81° 82.04+1.40% 76.53+1.53"
Lipid 90.87+0.24 64.34+2.47° 72.74+0.38% 73.36+0.462
Ash 55.21+0.83 01.19+1.92% 83.06+4.98% 56.10+6.40°
Carbohy-  53.08+£1.63 0.00+0.00° 15.77+4.10° 23.52+13.422
drate

Gross en- 69.63+0.11 41.25+2.84° 62.71+0.522 56.53+1.02°
ergy

Mean £ SD values within the same row and followed by different superscripts are signifi-
cantly different (p < 0.05).

Table 4: Plasma amylase values (10-3 U ml-1) measured over 24 h in tilapia fed reference
and test ingredient diets

Plasma amylase (10 U ml?)

*Hours Reference Raw Soaked Autoclaved
diet CSGM CSGM CSGM

0 <3P <3P <3P 46.5+18.5%
<3° <3P 22.49+10.0*P 43.50+13.72

8 315.83+13.3° 376.33+82.0°¢ 475.50+97.5° 611.66+31.262

16 26.10+4.08° 29.16+4.312°  36.50+2.17*P 39.56+6.16%

24 <3P 12.33+4.502P  22.56+3.032  13.83+0.85%

*Hours of sampling. Different superscripts in each row show significant dif-
ferences among the values according to Duncan test (p < 0.05) Values are
given as means + SD.

Figure 1: Plasma glucose (mmol I-1) measured over 24 h in tilapia fed reference and test
ingredient diets
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Figure 2: Plasma cholesterol values (mmol I-1) measured over 24 h, in tilapia fed reference
and test ingredient diets
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4. Discussion

Autoclaving and soaking only marginally changed the proximate com-
position of CSGM. However, ANFs were significantly decreased with pre-
treatment and autoclaving was more efficient than soaking. The higher effi-
ciency of autoclaving in decreasing ANFs was a direct result of the known
effects of heat processing on heat-labile nature of ANFs and their structures.
These results were in agreement with those reported in several earlier studies
(Alonso et al., 2000; Bhatt et al., 2011; Garg et al., 2002; Hossain et al., 2001;
Siddhuraju and Becker, 2003).

Several factors are known to affect the digestibility of feed ingredients.
Some factors are related to the ingredients while others are related to the feed
preparation processes (Francis et al., 2001). ANFs such as glucosinolates,
saponins, phytic acids, trypsin inhibitors, tannins and soluble non-starch pol-
ysaccharides are known to affect the digestibility of the feed ingredients
(Cheng and Hardy, 2003; Drew et al., 2007; Francis et al., 2001). Tannin, the
main ANF in carob seeds, can form complexes with proteins that bind to hy-
drophobic regions via hydrogen and ionic bonds, resulting in deficiencies and
imbalances of amino acids that are detrimental to fish growth (Alexis, 1990;
Nachtomi and Alumot, 1963). Nevertheless, the full effects of tannins on fish
are still unclear (Francis et al., 2001). Collins et al. (2013) demonstrated that
tannins have a positive and significant effect on feed intake in rainbow trout
unlike other ANFs (e.g. phytic acid, saponins, and glucosinolates), which
have been shown to have considerable negatives effect on food utilization. A
dietary level of up to 2% tannins does not have any negative effect on the
growth performance of common carp but the fish rejects hydrolysable tannins
(Makkar and Becker, 1999). Furthermore, Alexis (1990) and Martinez-
Llorens et al. (2012) found that tannins suppress the protein digestibility of
feed in both the rainbow trout and gilthead sea bream. In this study, pre-treat-
ment significantly reduced tannin level in CSGM by almost 72% and im-
proved the protein digestibility by 31-40%.

Phytate is the stored form of phosphorus in numerous plant tissues such
as bran and seeds and it restricts the availability of plant phosphorus for fish
and reduces the digestibility of other divalent mineral ions (Cain and Garling
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1995; Riche and Brown 1996). The presence of phytate in diets has also been
shown to minimize the digestion of proteins (Cheryan and Rackis, 1980) and
reduce the growth of chinook salmon and rainbow trout (Richardson et al.,
1985). In the present study, pre-treatments reduced the phytic acid level in
CSGM by 64-71%, and despite having the lowest phytate content, autoclaved
had significantly reduced the digestibility of CGSM minerals by 38%.
Trypsin inhibitors are crystalline globular proteins that block or lower
pancreatic trypsin and chymotrypsin activity that break down and digest pro-
teins (Agbo, 2008; Liener and Kakade, 1980). Autoclaving can reduce the
high concentration of trypsin inhibitors in SBM by up to 90% (Arndt et al.,
1999). The pre-treated SBM, in turn, improves the coefficient of total tract
apparent digestibility in rainbow trout by 91.5%. However, Makkar and
Becker (1999) reported that the carp growth is not affected by the trypsin

inhibitor level (24.8%) in Jatropha seed, indicating that the species is tolerant

to trypsin inhibitors. In this study, the trypsin inhibitor was reduced by 36-
82% by pre-treatments while protein digestibility significantly improved by
31-40%.

Saponins are steroid or triterpenoid glycosides found in many potential
alternative plant-based feed ingredients for aquaculture but are considered
toxic and a growth retardant in fish (Siddhuraju and Becker, 2003). Saponins
are found in the range of 18-67 mg kg ! in various leguminous seeds includ-
ing defatted roasted soybean meal (Fenwick et al., 1991). Lupine seed meal
contains 1.1% and higher saponins adversely affect the digestion of dietary
protein in rainbow trout by 34% (De la Higuera et al., 1988). Dietary inclu-
sion of mucuna seed that contains 35% saponins also reduces the growth of
Nile tilapia (Siddhuraju and Becker, 2003). However, a reduction in saponins
via hydrothermal pre-treatment improves fish growth performance and feed
efficiency. In this study, Soaking and autoclaving treatments effectively re-
duced the saponins concentration in CSGM by 36.36% and 51.50%, and im-
proved the apparent protein digestibility by 31-40%.

CSGM contains high levels of fiber, and total soluble and insoluble non-
starch polysaccharides, NSPs as galactomannans (Barak and Mudgil, 2014),
which are higher than values reported for other legumes such as peas and
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chickpeas (Adamidou et al., 2009; Nikolopoulou et al., 2006). Martinez-
Llorens et al. (2012) demonstrated that feeding gilthead sea bream with a diet
containing a high level of raw CSGM can lower the protein digestibility of
the diet. In another study, the dietary inclusion of CSGM affects the stomach
moisture in gilthead sea bream and European sea bass. Furthermore, it also
affects the pH of stomach digesta and all intestinal sections in sea bass and
sea bream, respectively (Adamidou et al., 2009). In rainbow trout, red drum
and Atlantic salmon, the dietary inclusion of NSPs decreases the apparent
digestibility of the diet and increases the viscosity of the digesta (Glencross
et al., 2003; McGoogan and Reigh, 1996; Refstie et al., 1999; Storebakken,
1985; Storebakken and Austreng, 1987; Trugo et al., 1988)). Similarly, the
inclusion of NSPs in the diet of monogastric livestock reduces the apparent
digestibility of the diet and has negative effects on growth.

The digestibility of dry matter, protein, and energy of soaked CSGM was
significantly higher than that of the autoclaved CGSM. This could be related
to the 27.3% lower protein solubility of autoclaved CSGM (39%) than soaked
CSGM (62%). Hossain et al. (2001) reported a reduction in the protein solu-
bility of Sesbania seeds from 77.0% to 44.4% after soaking and soaking plus
autoclaving, respectively. These researchers suggested that the lower protein
solubility may be responsible for the significant reduction in the growth per-
formance of common carp. Ford and Shorrock (1971) reported that free
amino acid groups (mainly the epsilon amino group of lysine) react with other
groups to form enzyme-resistant, inter- and intra-molecular bonds, thereby
reducing the solubility and digestibility of protein when heated for a long
time. Long-term heating can be the primary cause of the decrease in solubil-
ity, possibly resulting in the further denaturation of protein and a reduction in
amino acid availability (mainly lysine) as a result of the Millard reaction
(Hurrell and Finot, 1985). Protein solubility ranging from 70 to 85% in heated
soybeans is best for the growth and feed conversion ratio of chickens (Araba
and Dale, 1990).

Amylase has been detected in many fish species with distinct feeding and
is influenced by the processing and formulation of diets, where higher activ-
ities are observed in fish fed higher levels of carbohydrates (Corréa et al.,
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2007; Fountoulaki et al., 2005; Keshavanath et al., 2002; Magalhdes et al.,
2015; Péres et al., 1996; Pérez-Jiménez et al., 2009). The highest plasma am-
ylase at peak hour was detected in fish fed autoclaved CGSM, followed by
fish fed soaked and untreated CSGM. Bhatt et al. (2011) reported that higher
intestinal a-amylase, protease, and lipase activities in Labeo rohita fed
soaked and autoclaved Prosopis juliflora seed meal than in those fed un-
treated seed meal. Nile tilapia fed soaked or cooked palm kernel meal exhibits
an improvement in growth performance indicating an improvement in diges-
tive capacity specifically trypsin and amylase (Thongprajukaew et al., 2015).

The time required for fish to recover from glucose loading depends on
the level of starch and the water temperature (Hemre et al., 1995). Peres et al.
(1999) observed that larger peaks (lower and higher) in plasma glucose
among European seabass occur 3—6 h after a glucose injection at 22°C while
similar peak sizes occur in Atlantic salmon 3 h after glucose injection at 2—
3°C (Hemre and Hansen, 1998). Adamidou et al. (2009) reported that the
range of the glucose serum peak in European seabass is delayed after feeding
with fava bean meal and the rate of glucose decrease is slower when legumi-
nous bean meals are included in its diet. In the present study, the plasma glu-
cose peaked at 8 h in all fish groups. Pre-treated CSGM induced significantly
higher plasma glucose than untreated CSGM.

Muscle and plasma cholesterol levels of common carp are reduced when
fed >7.2% Sesbania endosperm meal that contains approximately 75% gal-
actomannan (Hossain et al., 2001). In this study, plasma cholesterol level was
lower in fish fed untreated CSGM than those in fish fed pre-treated CSGM.
In contrast, Couto et al. (2016) reported that plasma cholesterol and triglyc-
erides in meagre juveniles are unaffected when fed autoclaved CSGM.

In conclusion, pre-treating CSGM improved the digestibility of its dry
matter, proteins, lipid and energy in red tilapia. Soaked CSGM had a higher
nutrient digestibility than autoclaved CSGM and was recommended over au-
toclaved or raw CGSM as an alternative plant-based source of protein for red
tilapia.
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biomass production, and a 47% higher return on equity
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manuscript provides actionable policy recommendations
to scaling IMTA-Aquaponics with DSS across the Medi-
terranean.
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1. Introduction

Integrated Multitrophic Aquaculture (IMTA) represents a paradigm shift
in sustainable food production, fundamentally grounded in an ecosystem-
based management framework (Barrington et al., 2009). Instead of cultivat-
ing a single species in isolation, IMTA co-cultures a diverse community of
aquatic organisms from different trophic levels, each with complementary
ecological roles. A typical system might combine fed species (such as finfish
or shrimp) with extractive species, which are categorized into two groups:
those that recapture suspended particulate matter (e.g., shellfish like mussels
and oysters) and those that absorb dissolved nutrients (e.g., seaweeds like
kelp) (Chopin et al., 2012). This strategic assembly creates a synergistic web
where the uneaten feed, metabolic waste, and nutrient byproducts (in both
particulate and dissolved forms) from the higher trophic level species are no
longer considered pollutants. Instead, they are recaptured and efficiently con-
verted into valuable biomass, serving as a natural fertilizer, feed, and energy
source for the co-cultured species (Neori et al., 2004). This mimics natural
nutrient cycles, turning waste streams into productive resources.

The sustainability of this system is further amplified by its integration
with hydroponics, creating a synergistic union often referred to as Aquapon-
ics. This integration systematically addresses the core inefficiencies and un-
sustainable features of operating aquaculture and hydroponic systems inde-
pendently (Goddek et al., 2015). In a conventional setup, aquaculture effluent
requires expensive treatment before discharge, while hydroponics relies on
the continual addition of manufactured mineral fertilizers. The IMTA-
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hydroponics synergy elegantly solves both problems: the nutrient-rich efflu-
ent from the IMTA system, teeming with nitrogen (N) in the form of ammonia
and nitrates, and phosphorus (P) from fish excretion, is directly channeled
into the hydroponic component. Here, these dissolved nutrients, which are a
cost-effective and completely organic source of fertilizer, are readily ab-
sorbed by the plant roots (Rakocy et al., 2006). This process accomplishes a
remarkable multi-beneficial loop: it simultaneously purifies the water for re-
circulation back to the fish tanks, drastically minimizing overall water con-
sumption; it transforms fish waste into high-value, marketable crops; and it
significantly reduces, or even eliminates, the reliance on synthetic mineral
fertilizers, whose production is often energy-intensive and dependent on de-
pleting natural resources like phosphate rock (Somerville et al., 2014).

The Mediterranean region, exemplified by countries like Egypt, faces

critical agricultural challenges driven by water scarcity, rising input costs,
and environmental degradation (Abd El-Ghani et al., 2025a). Key issues in-
clude acute water scarcity, with, with over 60% of Egypt's water resources
dedicated to agriculture; environmental degradation, such as salinity in the
Nile Delta; and rising costs of inputs like synthetic fertilizers. Concurrently,
traditional aquaculture struggles with inefficient waste management and low
nutrient-use efficiency (NUE). These pressures threaten food security, eco-
nomic resilience, and the livelihoods of smallholder farmers.
Aligned with Egypt’s Vision 2030 for sustainable aquaculture and climate re-
silience, HortiMED project is particularly vital for smallholder farmers in re-
gions like Egypt, where water scarcity and high fertilizer costs threaten live-
lihoods. By bridging the gap between research and practical application, this
innovation positions Egypt as a leader in sustainable Agri-tech, offering a
scalable model for other arid regions facing similar challenges (Vision of
Egypt, 2030 (2023)).

In response, the HortiMED project has validated a transformative solu-
tion: Smart Integrated Multi-Trophic Aquaponic (IMTA) systems enhanced
with Al-driven Decision Support Systems (DSS) and renewable energy (1ba-
fiez Otazua, et al., 2022). This innovative approach bridges the gap between
research and practical application, aligning with national strategies like
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Egypt's Vision 2030 for sustainable aquaculture and climate resilience. The

technology offers a scalable model not only for Egypt but for arid regions

across the Mediterranean.

2. The HortiMED Approach and Validated Outcomes

The HortiMED system creates a synergistic, closed-loop ecosystem by inte-

grating three core components:

e Aquaculture: Fish species such as tilapia, mullets, and crayfish.

« Hydroponics: Crop cultivation including lettuce, peppers, tomatoes, and
cucumbers.

 Extractive Species: Organisms like mussels and silver carp that uptake ex-
cess nutrients.

This IMTA system is optimized by an Al-driven DSS that uses real-time data

from 10T sensors to monitor and manage the environment, maximizing effi-

ciency and productivity. The integration of solar power is a key feature for

energy sustainability (Ibafiez Otazua, et al., 2022, Goda et al., 2024 a,b;

2025a,b).

The results from pilot implementations in Egypt (low-tech), Algeria (me-

dium-tech), and Spain (high-tech) demonstrate significant multi-faceted ben-

efits:

o Environmental Performance:

o Water Efficiency: 90% reduction in water use compared to conventional
agriculture through closed-loop recirculation.

o Nutrient Management: 70% of nutrients are recycled within the system,
minimizing fertilizer dependency and meeting EU organic standards.

e Carbon Footprint: Solar integration reduces CO2 emissions by 80%.

o Energy Savings: Hybrid solar-grid systems cut energy costs to
$0.003/kWh, compared to $0.029/kWh for grid-only power.

e Economic and Productivity Gains:

e Increased Yield: Biomass production increased by 57%, with systems
outperforming traditional soil-based culture by 1,554 kg per cycle.

« Profitability: A strong 47% Return on Equity (ROE) is achieved through
dual income streams from fish and high-value crops.

o Cost Reduction: Energy costs are cut by 50%.
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o Policy Alignment: Supporting Egypt’s Vision 2030 goals for sustainable
aquaculture (target: 2.5M tons/year) and climate resilience.

This innovation is particularly vital for smallholder farmers in regions like

the Nile Delta, where water scarcity and high fertilizer costs threaten liveli-

hoods. By integrating Al-driven DSS for real-time monitoring, HortiMED

bridges the gap between research and practical, scalable solutions—position-

ing Egypt as a leader in sustainable agri-tech.

This IMAT-Aquaponic system with DSS innovation is particularly vital

for smallholder farmers in regions, where water scarcity and high fertilizer

costs threaten livelihoods and supporting Egypt’s Vision 2030, it targets 2.5M

tons of sustainable aquaculture annually while enhancing climate resilience.

With real-time Al monitoring, HortiMED project’s bridges research and prac-

tical farming, positioning Egypt as a leader in Agri-tech ideal for water-scarce

regions like the Nile Delta (Goda et al., 2024a).

3. Barriers to Widespread Adoption

Despite its proven benefits, the scaling of IMTA-DSS systems faces several

barriers:

« High Initial Investment: The upfront cost for solar panels, 10T sensors,
and Al-driven DSS remains a significant hurdle for farmers.

« Technical Complexity: A skills gap exists in operating and maintaining
these advanced systems.

o Market Volatility: Uncertainty in market access and pricing can deter in-
vestment.

4. Consolidated Policy Recommendations

To overcome these barriers and accelerate deployment, the following inte-

grated policy recommendations are proposed:

1. Financial Incentives and Support:

« Provide capital grants (30-50%) and low-interest loans for the purchase of
solar, 10T, and DSS equipment.

« Offer tax exemptions on renewable energy and smart farming technolo-
gies.

o Develop carbon credit schemes to reward farms for demonstrable reduc-
tions in CO2 emissions.
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2.

5.

Capacity Building and Training:
Launch vocational training programs in partnership with national institutes
(e.g., Egypt's NIOF) focused on agquaponics management and smart farm-
ing.
Establish a network of demonstration farms to provide hands-on learning
for smallholders.

Market Development and Certification:
Introduce a "Smart IMTA-Grown" sustainability label to access premium
markets and secure higher prices.
Implement export incentives for certified produce and facilitate contracts
with supermarkets and hotels.

Research, Development, and Innovation:
Fund research on optimizing nutrient cycling, developing drought-re-
sistant crops, and finding alternative feeds (e.g., black soldier fly larvae)
to replace fishmeal.
Foster public-private partnerships for the continuous development and
localization of DSS platforms.

Regulatory Streamlining and Support:
Fast-track permitting processes for solar installations and greenhouse set-
ups.
Prioritize water rights for closed-loop, water-saving agricultural systems
in water-scarce regions.

Regional Collaboration:
Create a Mediterranean knowledge-sharing network to disseminate best
practices, research findings, and policy experiences.
Promote cross-border aquaponics projects to foster innovation and market
integration.
Implementation Roadmap

A phased approach is critical for successful scaling:

Short-Term (one year): Launch subsidy programs, train 500 farmers, and
certify 50 pilot farms.

Medium-Term (three year): Expand solar microgrid infrastructure and
integrate DSS with national agricultural extension services.
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e Long-Term (one year +): Target 30% adoption of IMTA systems in key
regions like Egypt and Algeria, and achieve a 15% reduction in agricul-
tural sector CO- emissions.

6. Conclusion

The HortiMED project unequivocally demonstrates that IMTA-aquapon-
ics enhanced with DSS and solar power can reconcile high agricultural
productivity with environmental stewardship. This technology presents a vi-
able, long-term solution to enhance water and nutrient efficiency, boost food
security, and empower farmers in the Mediterranean and other water-scarce
regions. To unlock its full potential, policymakers must act decisively to ad-
dress financial barriers, build local expertise, create enabling market condi-
tions, and foster regional cooperation. By prioritizing these measures, Medi-
terranean nations can position themselves as global leaders in climate-smart
agriculture.

The IMTA-aquaponic system with DSS offers a long-term solution to
Egypt's aquaculture challenges. By leveraging solar energy, artificial intelli-
gence, and a modular design for simple of implementation, HortiMED can
achieve rapid adoption among farmers and agribusinesses, aligning with na-
tional sustainability goals. To improve aquaculture sustainability, govern-
ments and industry players should favor IMTA-aquaponics over traditional
soil-based culture (TSC) in terms of energy efficiency, water conservation,
and waste reduction while still producing good yields. The HortiMED DSS,
which was created with PRIMA support, uses artificial intelligence to assist
farmers in making real-time, data-driven decisions. By combining these steps,
Mediterranean and water-scarce regions can boost food security, cut waste,
and empower farmers sustainably. IMTA-aquaponic system with DSS
demonstrates how sustainable greenhouse technology can reconcile produc-
tion and environmental responsibility. HortiMED supports Egypt's sustaina-
bility goals by providing a scalable approach for water-scarce locations.
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Abstract: This work was conducted in two phases. The
first was to investigate the different effects of different
organic carbon sources [fructose (A), lactose (B), glu-
cose (C)] and nitrogen sources [poultry manure extract
(PM) and rumen lysate (RL)] used in a 75:25% F/2 ratio
on maximizing biodiesel production from the marine
microalgae Nannochloropsis oceanica. The second was
to apply the residual lipid-free biomass as a feed additive
in red tilapia culture. In the first phase, the biomass
(DW), biodiesel contents, and biochemical composi-
tions of N. oceanica were determined. The results
showed variations in biomass and biochemical analysis
in DW bases among treatments. However, A signifi-
cantly achieved the maximum DW, algal biomass, and
protein content, while RL had the greatest lipid accumu-
lation and also achieved the highest biodiesel content. In
the second phase, the secondary algal biomass (fat-free)
product from treatments B and PM was applied at four
rates (1, 2, 3, and 4) at concentrations of 25, 50, 75, and
100%, respectively, as a substitute for soybean meal to
feed red tilapia larvae compared to the control group.
The initial larval weight and length were 0.32 g and 1.9
cm, respectively, and were maintained for the 30-day
experimental period. After the end of the experimental
period, growth performance and biochemical analysis
were evaluated. The results showed that the growth rate
(SGR) weas significantly higher in PM4 compared to B1
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while the fat content was the highest in the control
group. Finally, the authors proposed the use of pome-
granate molasses as a new treatment to enhance the bio-
diesel content in terms of cost and residual biomass with
75% replacement of soybean meal in the diet (PMS3,
PM4) and also achieved good results for improving the
culture of red tilapia.

Keywords: Nannochlorpsis, Biodiesel,Red tilapia,Aquaculture,Or-
ganic sources,Growth performance Biochical analysis

Introduction

Microalgae are among the most important live foods for rotifers, cladoc-
erans, and other zooplankton, as well as fish and shrimp larvae (Gallardo et
al., 1995). Nutritionally, many freshwater and marine microalgae play a dual
role in providing energy and essential nutrients, such as proteins, lipids, ca-
rotenoids, vitamins, amino acids, polyunsaturated fatty acids, and minerals,
which are essential for the healthy growth of aquatic organisms (Vimazal,
1995; Yamaguchi, 1997; Habib et al., 2003). Organic media were mainly
used in early experimental algal cultivation (Shelf et al., 1978). Optimizing
suitable culture media for large-scale microalgal biomass production is criti-
cal for industrial production. Microalgal culture media must be easy to pre-
pare (F/2), which is common in small-scale indoor cultivation, but are expen-
sive and difficult to prepare for outdoor mass cultivation, representing a major
obstacle to biofuel production. Therefore, agricultural fertilizers have been
commercially used as an alternative to F/2 culture medium (Sanchez-Saa-
vedra et al., 2005). Researchers have studied the growth of microalgae, while
others have investigated their biochemical components in response to the me-
dium (Feng et al., 2011; Martinez-Cordova et al., 2012). Nitrogen concentra-
tion, along with its source, plays a crucial role in enhancing lipid and biomass
production for biodiesel production (Vega et al., 2010). Bondioli et al. (2012)
reported that Nannochloropsis has a high lipid content (maximum 68.5%) and
a high lipid yield (maximum 271 ml/L/day), making it a good source for
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biofuel production. Furthermore, microalgae-derived biodiesel has proven to
have broad application prospects, although these are still in the exploration
stage (Junying et al., 2013). The relatively high cost of microalgal oil produc-
tion is a major obstacle, which needs to be compensated through technologi-
cal developments (Rawas et al., 2013). The main environmental factors af-
fecting carbohydrate accumulation are light intensity, pH, salinity, and tem-
perature, while nutritional factors include the abundance and source of nitro-
gen, carbon, phosphorus, sulfur, and iron (Chen et al., 2013; Marco et al.,
2014).

Nutrient uptake from various ADE products based on manure and indus-
trial wastes for biomass, lipids, carbohydrates, and proteins has been evalu-
ated in Chlorella species, where effluent sources included poultry manure
(Singh et al., 2011). Mixed cultivation, using organic or inorganic CO;
sources in the presence of light, is a good strategy for achieving high biomass
and higher lipid content (Choi and Yu, 2015; Lin and Wu, 2015). Sharma et
al. (2016) studied the effect of different carbon sources (fructose, glycerol,
glucose, and sodium acetate) on the growth and lipid content of five Chlorella
species grown in BG-11 medium under the same conditions.

Rumen fluid is one of the most sophisticated microbial ecosystems in
nature, consisting of all the microorganisms living in a given area. Biotic and
abiotic factors work together, providing a bioreactor (the rumen) and a pre-
processed carbon source (plant material), which in turn receives carbon and
energy in a suitable chemical form. Overall, this system can be considered a
"super-metabolism.™ Thus, the rumen represents a very similar solution to a
current industrial problem called the biorefinery, which aims to bio-convert
lignocellulosic materials into fuels and chemicals (Sauer et al., 2012). The
rumen contains tannins (Jayanegara et al., 2009) and saponins (Ben et al.,
2006). At low concentrations, tannins may provide beneficial effects by reg-
ulating the rate of nitrogen release in the rumen (Naumann et al., 2017). How-
ever, a slight change in the rate of feed decomposition by tannins can reduce
the release rate of many nutrients, especially proteins, which may in turn in-
crease microbial efficiency (Makar, 2005). Tannins and saponins are also ca-
pable of modifying the chemical composition of microbes, leading to changes
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in the entire microbial community, methane production, and microbial pro-
tein structure (Bata et al., 2009). Jain and Singh (2013) also noted the poten-
tial of using ruminant manure (cow ash) and dairy manure (Asmir et al., 2014)
to provide nutrients to the culture medium, reducing its high cost and making
it an economical culture for microalgae cultivation. Han et al. (2016) demon-
strated that combining microalgal and bacterial cultures under mixotrophic
conditions is also an effective and suitable strategy for microalgae cultivation.
Ajitha Mall (2016) reported increased productivity of Brachyuronus round-
formis using different media containing cow dung, rice bran, yeast, and poul-
try manure supplemented with Nannochloropsis algae, respectively, com-
pared to standard media. Recently, aquaculture technologies have rapidly
evolved to meet human demand for lipid or protein supplements (Ashour et
al., 2019). They also investigated the use of lipid-free algal biomass to en-
hance the growth and survival of Artemia, thus improving aquaculture (Al-
Qassas et al., 2016).

However, Heflin et al. (2012) concluded that protein content is the most
important component of aquaculture feeds. Therefore, microalgae are consid-
ered the most important feed source in aquaculture due to their nutritional
value and ability to synthesize and accumulate large amounts of polyunsatu-
rated fatty acids (PUFA) (Patel et al., 2007).Microalgae are also a rich source
of protein and can be used as a cheaper feed option for animals and fish, po-
tentially replacing current expensive technologies (Hassan et al., 2009; Abu
Mahra et al., 2014). They also provide a protective effect as a nutritional sup-
plement against heavy metal accumulation in fish muscles and disease re-
sistance (Hassan et al., 2018).

Nannochloropsis is a genus of unicellular microalgae and is considered
one of the most valuable marine algae for use in aquaculture due to its small
cell size and high nutritional value (Wan et al., 2013). Some Nannochloropsis
species are used in marine hatcheries as an important food for the zooplankton
spinner Brachionus plicatilis and as a source of eicosapentaenoic acid (EPA)
(Chen et al., 2015). However, studies on the effects of delipidated biomass
from these algae on aquatic nutrition are extremely scarce. Full utilization of
algal biomass may require combining different technologies (Behera et al.,
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2015). Algal lipids can be extracted for biofuel production, while the remain-
ing solids, which consist mostly of proteins and carbohydrates, are suitable
for larval feed (Mondal et al., 2017).

In this study, the biomass yield, lipid, protein and carbohydrate produc-
tion from the marine algae Nannochloropsis oceanica will be investigated by
supplementing a standard F/2 inorganic medium at 75% concentration with
different organic carbon sources (fructose, lactose and glucose) and nitrogen
sources (poultry manure and rumen lysate), then evaluating the best condi-
tions to maximize whole cell biodiesel production and furthermore evaluating
the inclusion of the remaining defatted biomass to improve red tilapia culture.
MATERIALS AND METHODS
Algal species

The marine microalga Nannochloropsis oceanica obtained from algal
unit in the marine hatchery of the National Institute of Oceanography and
Fisheries, Alexandria, Egypt. The algal strain was cultured in sea water en-
riched with F/2 medium (Guillard and Rhyter,1962) and the salinity of sea-
water was (351 ppt).

The Experimental design

This experiment was conducted in two phases: The first phase was to
evaluate the effect of different carbon sources [fructose (A), lactose (B), glu-
cose (C)] and nitrogen sources [poultry manure extract (PM) and rumen ly-
sate (RL)] at a ratio of 75:25% to F/2 medium for the cultivation of microal-
gae N. oceanica compared to the control group (100% F/2). The cultivation
system was started indoors at a rate of (250 ml - 5 L) and was then scaled up
in outdoor mass cultures at a rate of (45 L of plastic bags) in triplicate to
determine the growth in terms of biomass and biochemical composition as
well as biodiesel production at the end of the exponential growth phase of
these cultures. The different sources were prepared in the medium at concen-
trations of 0.5 g/L, and the remaining F/2 medium was added at a concentra-
tion of 50% as shown in Table 1. The cultivation period was 10 days, and the
algal biomass was harvested and quantified.
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Table 1: Dietary carbon and nitrogen sources A,B,C,PM and RL levels .
Standard F/2 100%  25% 25% 25% 25% 25%
Fructose (A) - 75%
Lactose (B) - 75%
Glucose (C) - 75%
Poultry manure extract (PM) - 75%
Rumen liquor (RL) - 75%

Determination of algal biomass:

The biomass was chemically harvested (Fig 1. A) through flocculation
method described by (Sales&Abreu,2014) using NaOH (5 %) for 10
minutes.Then the water was siphon out and the flocculants were filtered
through plankton net with mesh20 micron. The wet biomass was then dried
in oven at 50C° and weighed in g/L to determine algal growth in each medium
and stored for further using in biodiesel extraction.

Extraction and purification of total lipids:

The total lipids were exhaustively extracted by the addition of 200ml of
chloroform and methanol mixture (2:1 v/v) to a known weight of dried algal
biomass using Folch method (1957). Then the obtained total lipids were
weighed as g/g dry biomass for further oil(biofuel) and biodiesel extractions.
Biodiesel Extraction and purification methods (methylation)

The esterification method of Radwan (1978) was used, where the oil-
hexane extracted from the total fats was taken and placed in Falcon glass
tubes with 2 ml of benzene, then 1% methanolic sulfuric acid was added and
the bottles were tightly closed. It was placed in the oven at a temperature of
90°C for an hour and a half. After removing it from the oven, distilled water
was added to it and filtered well. Then, petroleum ether 60/80 was added to
it in stages until the biodiesel collected on the surface. We extracted it with a
syringe and placed it in the flask and left it until the chemicals evaporated and
the biodiesel remained.
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Fig. 1: Showing (A): Harvested Biomass, (B) The delipidated for
of N. Oceanica.

Phase 2:

Experimental fish diets were prepared using residual fat-free algal bio-
mass as a substitute for soybean meal as a primary dietary component for
post-larval red tilapia.

After oil extraction, the residual biomass was thoroughly washed with
dechlorinated tap water to remove any residual chemicals, then dried as
shown in Figure 1(b). It was then ground and added to the fish feed mixture
as shown in Table (2) for the application experiment on red tilapia larvae. The
initial larval weight was (0.32+0.1), while the average initial length was (1.9
cm=0.1).

The stocking denisty was 15 larvae per aquarium 20 L with experiment
duration for 30 days. At the end of the experiment ,the larval growth param-
eters and the biochemical compositions of the fish body were determined.

\
.

m of dried algal Biomass

Table 2: Composition (%) of the experimental diets containing different inclusion levels of
lipid-free algal biomass as substitution for Soybean
Ingredient % Control 25% (1) 50% (2) 75% (3) 100%(4
Fish meal (FM) 23 23 23 23 23
Soy beam meal 23 17.25 11.50 5.75 -—=
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Ingredient % Control 25% (1) 50% (2) 75% (3) 100%(4
Algae (B or PM - 6.99 14.00 21.30 28
Corn gluten meal 2 2 2 2 2
Wheat bran 7 7 7 7 7
Yellow corn 40 38.76 37.50 35.95 35
Corn oil 3 3 3 3 3
Viton Mim. Mix 2 2 2 2 2
Total 100 100 100 100 100

Biochemical analyses

Proteins and carbohydrates contents of the alga N.oceanica as well as red
tilapia body carcass were determined according to Egan et al. (1981) and Du-
bois et al. (1956), respectively. Whereas, ash and fiber were analysed accord-
ing to AOAC (2000).
Biological parameters
The following parameters were calculated:
WG (weight gain) = Wt-WO0 (mg/fish) (Bordy, 1945)
ADG (average daily gain) = Wt-WO0/n (mg/fish/day) (Bordy, 1945)
SGR (specific growth rate) =100 x (InWt-InW0)/days (Castell and Tiews,
1980)
SR (survival rate) = (No. of fish at end / No, of fish at the start) x100 (Ricker,
1975, Newman and 1983)
TLG (cm/fish) total length gain = {Average final length (cm) - Average initial
length (cm)}
Condition factor: (Kvalue) = (body weight. g)/(body length, cm3 ) %100
(Fisher, et al., 1996)
Feed intake (FI) in (g). This is the amount of feed given or supplied during
the experimental period
FCR (food convertion ratio) = dry matter intake (g) /body weight gain (g)
PER ( Protein efficiency ratio ) = weight gain (g)/protein intake (g)
Energy gain (MJ) =Et-EO
Energy retention (ER, %) = (Et-EQ)/Energy intake (MJ) x 100
All above formulae were used and described by (EI-Dahhar et al., 2016).
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Statistical analysis

Descriptive statistics of the studied trails were calculated using Summary
procedure of SAS (2004). The effect five factors of chemical composition of
microalgae, two factors add microalgae of diets on larvae Red tilapia.
RESULTS
The algal growth

As shown in Figure (2), the algal growth represented by biomass reached
its best records by A followed by RL, PM and C while the lowest biomass
was obtained by B and control.

Biomass
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0
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Fig. 2: The effect of the different organic media sources on N.oceanica biomass (Dw g/L)

Biochemical composition of N. oceanica

The results in Figure (3) regarding the effect of different carbon
sources, (fructose (A), lactose (B), glucose (C)) and selected nitrogen sources,
(poultry manure (PM) and rumen liquor (RL)) on the biochemical analysis of
N.oceanica showed highly statistically significant differences (P<0.05)
among all treatments. A showed the highest level of protein followed by con-
trol(cont) & C while PM showed the lowest level. RL showed the highest
level of lipid followed by PM while the lowest value was obtained by control
& A. On the other hand, the maximum carbohydrate data were determined by
C, A, B and control respectively while PM and RL showed the lowest level.
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Fig. 3: The effect of the different organic media sources on the biochemical composition of
N.oceani

Biofuel (oils) content

The percentage of biofuel (oil) in the total lipids in the biomass (Dw) of
N. oceanica algae grown in different organic media sources is shown in Fig-
ure (4). The results indicated that the percentage of oil increased from A to
RL in ascending order compared to the control group, which contained the
lowest percentage.
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Fig. 4: Oil hexane extract percentages(oil% in total lipid Dw) from the alga N.oceanica
biomass in the different organic media sources
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Biodiesel contents in Biofuel(oil) of N. oceanica:

The results also showed that the highest percentages of biodiesel were
obtained by RL, PM and C, respectively, while the lowest percentage was
shown by the control group and A, as shown in Figure (5).

100
80
60
40

20

Biodiesel% inocil inDwb ases

cont

M Biodiesel%

Fig. 5: Methylated oil ( Biodiesel) percentage in the oil produced from the alga N.oceanica
in the different organic media sources.

Fatty acid profiles in the produced biodiesel in the different organic me-
dia

In Table (3), concerning the biodiesel analysis, the highest total saturated
fatty acids (TSFA) percentage was obtained by RL, PM,A and B, respectively
as compared with control. This increase in saturated fatty acid (SFA) was due
to increasing palmitic acid (C16:0) in the same last order against control.

On the other hand, the highest unsaturated fatty acid contents (UFA)
were achieved by control, RL, CO, B in descending order. However, the high-
est polyunsaturated fatty acids (PUFA) especially 3 FAs were obtained by
B as compared with other treatments and control .

Table 3: Fatty acid profile of the produced biodiesel ( as % of the total fatty acids)
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Fatty acid CoO A B C PM RL
Saturated fatty acid

C6:0 0 0 0 0 0 0
c8:.0 0.1 01 0.2 0.4 0.4 0

C 10:0 1.6 09 1 2.8 0 0

C 110 0.3 08 03 0.3 1.9 1.7
C12:0 0.5 23 22 7.8 4.5 3.2
C13:0 0.7 06 05 2.9 11.2 10.4
C14:0 11.3 74 74 19.2 12.1 115
C15:.0 6.3 42 51 114 8.1 7.2
C16:0 33.7 47 446 9.1 30.6 35.1
C17:0 0.4 1 0.4 0.3 1 15
C18:0 10.4 75 89 7.7 4.4 5.5
C20:0 0 0 0 0.7 0 0
Monounsaturated

FA

Cl4:1 10.5 6.8 6.9 174 10.7 10.9
C15:1 7.7 54 51 11.1 1.3 0.9
Cil6:1 7.6 41 27 1.8 2.1 3.1
C17:1 0.6 03 05 0 0 0
C18:109c¢ 4.1 44 22 6.4 4.7 7.3
Polyunsaturated FA

Cl18:2w6¢ 0.6 0.1 03 0.4 0 1.7
C18:3w3 0 0.1 03 0 0 0
C20:3w3 0.8 5 3.2 0 4.6 0
C20:406 2.8 0 0 0 0 0
C22:603 0 25 83 0 2.4 0
SFA 65.3 71.2 706 62.9 74.2 76.1
UFA 34.7 288 294 37.1 25.8 39.9
MUFA 30.5 21 174 36.7 18.6 22.2
PUFA 4.2 78 12 0.4 7 1.7
PUFAS-®3 0.8 7.7 112 0 7 0
PUFAS-»6 3.4 01 0.2 0.4 0 1.7
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Chemical composition of diets

The effect of different diets (25, 50, 75, and 100%) in the selected treat-
ments of defatted microalgae biomass as alternatives to soybean meal in pre-
pared diets on the nutrition of red tilapia larvae is shown in Table (4). Growth
parameters and survival rates were monitored compared to the control group
(CO). The results indicated that most of the diet analyses in fat, ash, fiber,
and carbohydrates were significantly higher in the control group. The total
protein content was higher in PM4>PM3>PM1>B1>CO, while the lowest
content was found in B2,B3 and CO with statistical significance (P<0.05).
Table 4: The effect of the different levels of lipid—free algal biomass on
chemical composition variability of the diets of red tilapia

CP EE Ash Fiber NFE Gross energy
CO without algae  40.41 6.55 5.55 3.35 4414  472.07
Bl 40.71 6.46 554 247 4382 471.60
B2 40.62 6.32 6.19 335 4352 468.53
B3 40.62 6.18 6.99 3.22 4399 469.14
B4 40.44 6.05 547 3.10 4394 466.70
PM1 40.77 6.24 522 341 4436 472.08
PM2 40.74 6.39 5.56 322 4409 47222
PM3 40.81 729 591 2.03 4396 480.58
PM4 40.85 6.13 537 252 4513 47467

Biological parameters

Table 5 showed the growth performance parameters measurements. The
results revealed that the most of the analysis values were promoted signifi-
cantly in B3,B4 and B3 compared with other treatments and control at signif-
icance (P<0.05).
Table 5: The effect of diets composition on growth measurements of red ti-
lapia post larvae.

Treat- IBW FBW BWG ADG SGR

ment (g/fish) (g/fish) (g/fish) (gffish/day) (%/day)
CoO 0.38+0.01* 1.91+0.01¢ 1.51+0.01F 1.90+0.01¢ 3.52+0.01'
B1 0.23+0.01" 1.68+0.019 1.45+0.01®° 1.67+0.019 3.82+0.01¢°
B2 0.27£0.01° 1.62+0.01" 1.35+0.01¢ 1.61+0.01" 3.58+0.01"

B3 0.35£0.01° 1.91+0.01%¢ 1.51+0.01" 1.90+0.01% 3.62+0.019
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B4 0.25+0.01® 1.71+0.01® 1.46+0.01°¢ 1.70+0.01" 3.64+0.01f
PM1 0.21+0.01¢ 1.8240.01" 1.61+0.01¢ 1.81+0.01° 4.06+0.01°
PM2 0.23+0.01" 1.94+0.01° 1.71+0.01° 1.93+0.01° 4.09+0.01°
PM3 0.26+0.01¢ 2.06+0.01° 1.80+0.01° 2.05+0.01° 4.09+0.0%
PM4 0.25+0.01°¢  2.19+0.01* 1.94+0.01* 2.18+0.01* 4.25+0.01?

(1IBW) Initial body weight — (FBW) Final body weight- (BWG) Body weight gain- (ADG)
Average daily gain- (SGR) Specific growth rate

Body composition (carcass) of red tilapia

The study was expanded to include the application of lipid-extracted algal
cells in red tilapia feed. The results in Table (6) demonstrate an improvement
in protein content at 75% replacement.

Regarding the chemical composition of red tilapia body matter shown
in Table (6), the highest protein content (CP) was achieved using PM1, PM2,
PM3, and PM4, followed by B2, B1, and B4, respectively, compared to CO.
The highest lipid content (EE) and ash content were also achieved using CO,
B3, and PM1, among other factors, all at a statistically significant level
(P<0.05)

Table 6: Effect of different ditary algae levels on carcass composition of Red Tilapia

Treatment Dry matter %  Crude protein % Ether extract %  Ash %

CoO 22.60+0.01! 50.42+0.01" 25.07+0.012 22.51+0.012
Bl 23.58+0.01° 54.60+0.01" 23.55+0.01! 21.85+0.01¢
B2 24.40+0.01° 54.75+0.01 23.45+0.01™ 21.80+0.01¢
B3 24.30+0.01° 54.05+0.014 23.97+0.01¢ 21.98+0.01°
B4 23.50+0.01" 54.61+0.01™ 23.60+0.01! 21.79+0.01f
PM1 22.60+0.01" 55.70+0.01¢ 23.70+0.01% 20.60+0.01%
PM2 21.75+0.01° 55.75+0.01¢ 23.55+0.01" 20.70+0.01"
PM3 22.55+0.01™  55.85+0.01° 23.40+0.01" 20.75+0.01%
PM4 21.80+0.010  55.90+0.012 22.80£0.01° 21.30+0.01!

DISCUSSION

In this study, we evaluated the use of different organic carbon and nitro-
gen sources at 75% inclusion in F/2 medium. The growth of N. oceanica was
evaluated and its biomass content was characterized for further applications
in red tilapia nutrition using different additives replacing soybean meal in the
diet. Monitoring of algal growth during the exponential phase was
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determined, which mainly depended on inoculum sizes, culture conditions,
and growth medium components (Jayasankar and Valsala, 2008; El-kassas et
al., 2016). Growth assessment, represented by biomass and biochemical anal-
ysis of algae, are two key features for assessing the potential use of a prom-
ising candidate species for various applications (Araujo and Garcia, 2005; El-
kassas et al., 2016) for Chorella spp. and their applications in northern ocean
fish nutrition (Ashour et al., 2019). In this study, northern ocean fishes started
their stationary growth phase during the 10th day of incubation, achieving the
highest biomass value using fructose medium (A), followed by rumen fluid
(RL), while lactose (B) achieved the lowest biomass value. Similar studies
using the same carbon sources by Velu et al. (2015) revealed that biomass
production and lipid content were significantly increased with fructose com-
pared to the control group. Low glucose supplementation (0.5-1.0 g/L) sig-
nificantly enhanced chlorophyll synthesis and protein availability per culture
unit, but reduced the amount of lipids per unit of dry weight of biomass under
light conditions, while the addition of excess glucose concentrations (4, 8, or
16 g/L) resulted in a light-yellow color (Chai et al. (2018)). They also demon-
strated that high fructose concentrations resulted in a green-colored culture,
and this observation is consistent with our current study, where low glucose
concentrations of 0.5 g/L in light reduced biomass and green pigment, while
the same fructose supplementation increased the green appearance and bio-
mass content, while the addition of lactose caused little change in pigment
contents. In this regard, glucose may have stimulated the rapid growth of the
algae because it is a simple sugar and can be easily converted to produce ac-
etyl-CoA, which was then used in multiple pathways, including fatty acid
synthesis. Glucose and fructose had the same number of carbon numbers;
which were degraded by Various enzymes. Glucose is converted to glucose-
6-phosphate, a major catalytic product involved in both the glycolysis and
pentose-phosphate cycles (Stewart, 1974). However, fructose cannot be di-
rectly converted to glucose-6-phosphate in microalgae. As a result, the
growth rate was slightly reduced when fructose was used as the carbon source
compared to glucose. Similarly, in our experiment, the tested microalgae N.
oceanica showed high lipid accumulation in the order of glucose and fructose,
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but lower lactose production was observed (Chai et al., 2018; Velo et al.,
2015). Conversely, in the work of Morales-Sanchez et al. (2013), Fructose
also promoted growth more than glucose, as other species showed the oppo-
site response, especially Neochloris sp., which preferred glucose and had zero
fructose consumption over a 5-day period. This may be due to the fact that
each organism has a unique nutritional affinity, leading to species-specific
growth Kinetics. However, in further research, they recommended the use of
alternative substrates instead of fructose to reduce production costs for mass
cultivation.

The results regarding the use of carbon sources were similar in some

components, such as protein and lipids, to those of Velu et al. (2015). They
differed in some results, including carbohydrates, in a study using the same
carbon sources at different incorporation rates, such as algae species (Nanno-
chloropsis salina, Dunaliella tertiolecta, and Tetraselmis suecica). Further-
more, the results of using chicken manure (Ongsithapand et al., 2009) when
used with sodium bicarbonate and urea in spirulina production differed. The
results were similar to those of Xiao et al. (2013) and Xiao-Nian et al. (2016),
due to the different media types.
The total lipids extracted from the different media were found to accumulate
significant amounts of saturated fatty acids (RL, PM, C, and A), respectively.
These were higher than those obtained by Xiao et al. (2013). The majority of
the fatty acids belonging to N.oceanica were unsaturated fatty acids.

Also, the main components of saturated fatty acids in the studied N. oce-
anica were myristic acid (C14:0), palmitic acid (C16:0), and stearic acid
(C18:0). Xiao et al. (2013) and Xiao-Nian et al. (2016) reported that palmitic
acid was the main component of crude lipids in N. oceanica. Accordingly,
Bakhtiarvandi et al. (2014) stated that saturated fatty acids are used as energy
substrates. These results were also consistent with those of Elkassas et al.
(2016) for Chlorella sp. They reported that after oil extraction, there was no
significant loss of other algal metabolites, and saturated lipids were the main
components of fatty acid methyl esters (FAMES), implying that palmitic and
stearic acids were dominant. Meanwhile, the amino acid contents of experi-
mental marine Chlorella species contained lysine, methionine, and histidine,
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but were deficient in cysteine. Therefore, unsaturated fatty acids (USFAS) are
essential nutrients. The results of several studies have demonstrated the pres-
ence of USFAs in algal lipids. Patel et al. (2005) concluded that USFAs were
present in algal lipids; they were also considered sources and outputs of
USFAs for the aquaculture industry. Oleic acid was also reported in N. oce-
anica, and these results are consistent with those reported by Xiao et al., 2013.
Furthermore, Gerasimenko et al., 2010, reported that algal lipids could be a
source of ®-3 and -6 polyunsaturated fatty acids. In this work, ®-6 polyun-
saturated fatty acids were detected at approximately intermediate concentra-
tions, and ®-3 polyunsaturated fatty acids were low in the studied N. ocean-
ica.

The main components of SFASs in the studied N.oceanica were Myristic
acid (C14:0), Palmitic acid (C16:0), Stearic acid (C18:0). Xiao et al. (2013);
Xiao-Nian et al. (2016) declared that palmitic acid is the major constituent in
the crude lipids of the N.oceanica. Accordingly, Bakhtiarvandi et al. (2014)
stated that, SFAs are used as a substrate for energy. These results were also
in conformity with finding of (Elkassas et al., 2016) for Chlorella sp. They
reported that after oil extraction, there were no significant losses in the other
considering algae metabolites, saturated fats were the main constituents in the
fatty acids methyl esters FAMEs, meaning that Palmitic and stearic acids
were dominant. Meanwhile, amino acid contents of the experimental marine
Chlorella species were contained lysine, methionine and histidine; but were
deficient in cysteine. Therefore, the USFASs are essential elements of nutri-
tion. The results of many studies have shown the presence of UFA in algae
fats. Patil et al. (2005) concluded the presence of UFAs in algae lipids; they
have been considered as well springs and outputs of PUFAs for aquaculture
industry.

Also, Oleic acid was recorded in N.oceanica, these results are consistent
with those reported (Xiao et al., 2013). Moreover, (Gerasimenko et al., 2010)
reported that algae fats can be a source of PUFAs of the ®-3 and ®-6 series.
In this work, PUFAs®w6 was detected with approximately medium concentra-
tions and the ®-3 was low in N. oceanica studied.
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Lipids extracted from algae, including saturated fatty acids, are also a
good source of biodiesel. Economic factors are of great importance in the
commercial viability of biofuel production in Mexico (Sun et al., 2011). The
cost of producing micronutrients also depends on various factors, such as bi-
omass Yield, oil content, and the scale of the production system. The eco-
nomic viability of molecular biofuel production lies in improving the biomass
content. Natural carbon requirements, and natural alternatives, make micro-
algae one of the best sources of biofuel (Chesty, 2007). Nutrition of marine
organisms under culture conditions is also one of the most important chal-
lenges for improving performance and ensuring production processes. In this
study, which examined the use of N. oceanica biomass residues as a protein
source for red tilapia larvae, the results were similar to those obtained by Ery-
alcin and Yildz (2015), who used N. oculata to feed seabream larvae and
found that the biochemical components of the larvae were higher, as in our
study, due to the different fish species and the use of the algae as whole-cell
components. It was also close to the results of EI-Sheekh et al. (2014) when
using spirulina in the diet improved the biochemical composition of red ti-
lapia. More recent studies, Elkassas et al. (2016) and Ashour et al. (2019),
also investigated the growth and survival of Artemia franciscana, which
showed significant increases when fed on lipid-extracted algal residues. This
strategy is consistent with our results, which should be a significant achieve-
ment and confirms that the remaining algal biomass can be widely used for
aquaculture nutrition.

CONCLUSION

From the results in this study, the authors suggested that in terms of cost-
effectiveness and commercial availability, poultry manure extract (PM) was
preferred as a suitable carbon and nitrogen source at 75:25% with better F/2
medium than lactose for large-scale commercial cultivation of microalgae
N.oceanica and biodiesel production, and they also recommended the use of
the remaining 75% fat-free biomass as feed to improve red tilapia culture
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Abstract: Hydroponics is regarded as one of the promising ad-
) vancements in agricultural industry providing a rather effective
Received: 6/7/2025 answer to ecological and agricultural problems, including the
ngfgfd' 8/12/2025 | shortage of fresh water in many countries including Libya.
. Hence, this research seeks to examine the viability and prospects
online:15/01/2026 . .
for hydroponic systems in Libya as well as present a legal and
policy framework to foster its use. Leisurely reading the existing
body of literature and conducting 1:1 interview with the special-
ized professionals, the broad range of problems and prospects as-
sociated with the hydroponics’ application, embracing environ-
mental and economic impacts, technological uses of hydroponics,
and the challenges encountered on the way to implementing these
systems, were outlined. The study established that the use of hy-
droponics easily enhances food security in Libya through in-
creased on water usage as well as increasing food production.
Nevertheless, further development of this sector implied further
governmental support, which should promote the formation of in-
centive policies encouraging the utilization of further advanced
technologies. Also, there are serious requirements for develop-
ment of large-scale infrastructure and development of personnel
upgrade programs as a result of which local capabilities should
be improved significantly. The research underscores the need for
a clear and coherent political and regulatory agenda through
which progress toward more sustainable forms of agriculture can
be enabled and into which innovation and investment priorities
can be directed. These findings therefore present a useful starting
point for managers and investors interested in approaching hy-
droponics in Libya systematically.
Keywords: aquaculture, challenges, chances,
investment
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AQUACULTURE IN LIBYA: CHALLENGES, CON-
STRAINTS, AND POSSIBLE SOLUTIONS
Abstract: The aquaculture sector in Libya is a relatively
recent activity, yet it has not adopted modern methods for
its development, despite favorable environmental condi-
tions, suitable climate, and low levels of water pollution.
This paper highlights current aquaculture practices in
Libya, including the main fish species suitable for farm-
ing, extensive, semi-intensive, and intensive farming sys-
tems, as well as aquaculture in the Libyan desert. The pa-
per also focuses on the key constraints and challenges hin-
dering sustainable development in this sector, such as the
shortage of fry and fish feed, limited technologies for feed
production, and lack of trained personnel. Finally, the pa-
per presents future recommendations to overcome these
obstacles and enhance the sustainability and development
of aquaculture in Libya.

Keywords: aquaculture; Libya; aquaculture systems; de-
velopment constraints; key sustainability solutions.
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resources, and providing job opportunities for local community,
and providing a sustainable source of income for the society. How-
ever, success in aquaculture requires detuning the content situa-
tion, in additional to determining the possibilities and constraints
facing the sector. This would be through the preparation of delib-

erate plans aiming at developing aquaculture on scientific, eco-

nomic and social basis that guarantee success and continuity.
Libya has many environmental and economic possibilities encour-

aging investment in aquaculture, whether local or foreign, where

investment is considered one of the most important engmes to de-
velopment; The mam possibilities available in Al-Jabal Al-
Akhdar are: suitable environmental elements for fish fanning,
availability of energy resources, availability of infrastmcture and
in additional to presence of local and international market that ab-
sorbs fish production, especially Europe Market. On the other
hand, there are many obstacles facing aquaculture investment and
development, however these obstacles can be minimized and elim-
inated if national efforts are combined to strengthen this vital sec-
tor; main obstacles are: lack of human resources, weak technology,
lack of information, as well as absence of research centers and gov-
ernment bodies role, in addition to the technical difficulties related
to the operation and applications of fish fanning, also the absence
of support and complementary services.

Keywords: aquaculture, Green Mountain ,Development, investment
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Study of the Distribution and diversity of economically
important and cultured mollusks in Farwa Lagoon,
Libya
Abstract: This study was conducted in Farwa Lagoon, located
on the western coast of Libya, following its declaration as a ma-
rine protected area in 2010. The main objective was to assess
the biodiversity and spatial distribution of marine mollusks,
with a focus on economically important and aquaculture-rele-
vant species, as well as endangered and exotic species recorded
in the Mediterranean Sea.
Samples were collected from 22 stations using a 25 x 25 cm
quadrat for surface mollusks, along with three sediment samples
obtained using a core sampler at the same sites. This procedure
was repeated across all stations, and species were identified us-
ing taxonomic keys and specialized references.
A total of more than 150 molluscan species were recorded, be-
longing to 45 families of gastropods and bivalves. Among these,
six species were identified as endangered, most notably the fan
mussel (Pinna nobilis). Economically important species suita-
ble for aguaculture were also documented, including Ruditapes
decussatus, Venerupis sp., and Mytilus galloprovincialis. Fur-
thermore, exotic species such as Fulvia fragilis and Pirenella
conica were observed.
The findings highlight that Farwa Lagoon hosts a rich mollus-
can fauna, though its diversity is influenced by various environ-
mental and physicochemical factors. The study emphasizes the
need for continuous ecological monitoring and the development
of sustainable aguaculture strategies to conserve biodiversity
and protect endangered species along the Libyan coast.
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Alvaniinae

Alvania lineate
Astartidae

Astarte lusca

Arcidae

Arcanoae

Arca zebra
Barbatiabarbata
Glycmerisviolacescens
Glycymerispilosa
Buccinidae

Babylonia pintado
Buccinulumcorneum
Cantharusscaber
Columbrariareticulata
Engina bicolor
Hindsiamagnifica
Bullidae
Retusatruncatula
Calyptraeidae
Strombusdecorus
Cardidae
Cerastodermaedule
Acanthocardiaechinata
Acanthocardiatuberculata
Acanthocardiaechinata
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Acanthocardiatuberculata
Cerastodermaedule
Laevcardiumoblongum
Lorpieslacteus
Parvicardiumpapilosum
Parvicardiumexigum
Carditidae

Astarte flusca
Carditacalyculata
Cardita trapezia
Venericardiacoubis
Cerithidae
Bittiumreticulatum
Cerithiumalucastrum
Cerithiumvulgatum
Cerithiumasper
Cerithiumliteratum
Cerithiumrupestre
Cerithiumsp
Cerithiumtubercularis
Cerithiumvulgatum
Epitonium commune
Pirenella conica
Terebraliasulcata
Cerithiidae
Bittiumreticulatum
Cerithiumvulgatum
Pirenellaconica
Cerithiopsidae
Cerithiopsistubercularis
Columbellidae
Columbellarustica
Conidae

Conusione

Conus mediterraneus
Conusmus
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Conustinianus
Conusventricosus
Conusmediterranneus
Cytharaalbida
Cytharastriolata
Kleinellabulinea
Odostomiaconoidea
Raphitomaechinata
Raphitomapurea
Raphitomapurpurea
Truncatellasubcylindrica
Cypraeidae
Natcariusdillwyni
Dentalidae
Dentaliumvulgare
Dentaliumrubeseens
Dentallidae
Dentaliumrubescens
Donacidae
Donaxtrunculus
Donaxvenustus
Donaxsp
Epitoniidae
Epitoniumtenuicosta
Epitonium commune
Eulimidae
Leiostracaephamilla
Fasciolariidae
Fusinussyracusaanus
Fasciolarialignaria
Ganthinidae
Ganthinaganthina
Ganthina fragilis
Glossidae
Thyasiraflexuosa
Glycymeridae
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Glycymerisbimaculata
Glycymerisviolacescens
Glycermeriidae
Glycmerissp
Glycmerispilosa
Glycmerisbimaculata
Hydrobiidae
Peringiaulvae
Kellidae
Borniasebetia
Lepetellidae
Gibbulaardens
Monodontamutabilis
Littorinidae
Littorinasaxatilis
Lucinidae
Loripeslacteus
Ctenadecussata
Loripihusfragilis
Mactridae
Mactrastultorum
Marginellidae
Gibberulamiliaria
Mathildidae
Mathildaelegantissima
Mathildasp

Mitridae
Gibberulamiliaria
Mitracornicula
Muricidae

Murex trunculus
Mytilidae
Brachidontesvariabilis
ModiolusCapax
Modiulusadriaticus
Modiulusbarbatus
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Mytilusedulis
Mytilusgalloprovincialis
Nassariidae
Fusinuspulchellus
Hinialimata
Hiniacostulata
Hiniasp
Nassariuscuvieri
Nassarius reticulates
Nassariusreticulatus
Nassariussp
Nassariuusincrassatus
Nssarius reticulates
Sphaeronassamutabilis
Neritidae
Smaragdiaviridis
Nssariidae
Hinialimata
Nassarlidae
Hiniacostulata
Naticidae

Neverita Josephina
Smaragdiaviridis
Nuculanidae
Nuculasulcata
Phasianellidae
Tricoliaspeciosa
Tricoliatenuis
Pholadidae
Pholasdactylus
Potamididae
Pirenellaconica
Pymidellidae
Turbonillalactea
Kleinellabulinea
Rissoida
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Alvania sp.

Alvaniahirta
Alvanialanciae
Alvaniareticulata
Cingulacingillus
Rissoalineolata
Rissoabruguierei
Rissoaauriscaplium
Rissoalineolata
Rissoamonodonta
Rissoaventicosa
Turboellaliamonterosato
Solecurtidae
Gastranafragilis
Solecurtusstrigillatus
Stenogyridae
Trimusculusmammilarislinne
Smaragdiaviridisalbescens
Solecurtidae
Solecurtusstrigillatus
Tellinidae
Arcopagiabalaustina
Tellina nidilus

Tellina pulchella

Tellin atenuis

Tellinain carnata
Thyasiridae
Myrtheaspinifera
Trochidae
Calliostomagranulatum
Calliostomalaugieri
Calliostomaconulum
Calliostomagranulatum
Calliostomalaugieri
Calliostomazizyphinum
Calliostomalaugieripayraudeua
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Clanculusgussieui
Gibbulaalbida
Gibbulafanulum
Gibbulaguttadauroi
Gibbula magus
Gibbulanebulosa
Gibbulararilineata
Gugubinusdepictus
Monodontaturbinata
Monodonta articulate
Monodontamutabilis
Monodontiaturbinata
Truncatellidae
Alvaniaaspera
Alvaniacimex
Alvanialineata
Alvanla reticulate
Rissoalinedata
Rissoamonodonta
Turboellasimilis
Turbinidae
Tricoliatenuis
Turridae
Raphitomaechinata
Clathrodrilliaflavidula
Cytharaginnania
Raphitomapurpurea
Turritellidae
Coquille turriculee
Mesaliabrevialis
Turritellamediterranea
Turritellacommunis
Turritellamediterranea
Turritellasp
Veneridae
Chameleagallina
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Circomphaluscasinus
Dosinaexoleta
Dosinia lupines
Placamen tiara
Ruditapesdecussatus
Tapes turgida
Variation of lrusirus
Venerupisaurea
Venerupisgeographica
Venerupispullastra
Venerupis rhomboids
Venerupisaurea
Venus casina
Vermetidae
Vermetuspolyphranga
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