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 Among members of the family Pangasiidae, 
Pangasius nasutus is an emerging species with 
aquaculture potential.  However, fish farmers still 
rely heavily on wild-caught broodstock for seed 
production (Hassan et al., 2011).  This practice 
leads to several issues, including variability in 
broodstock quality, unsustainability, and the risk of 
natural stock depletion beyond recovery (Iswanto 
and Tahapari, 2011).  Therefore, there is an urgent

need for foundational studies aimed at producing 
high-quality hatchery-bred broodstocks, particularly 
female broodstock, to support large-scale fish 
production (Azani et al., 2022).  These studies may 
include optimizing broodstock diets to enhance seed 
production quality.

 The quality and nutrient composition of 
broodstock diets are well known to significantly 
influence reproductive performance and the quality 
of offspring (Tercero et al., 2015; Yıldız et al.,
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ABSTRACT

 Dietary phospholipids are known to enhance fish reproductive performance, but their effects on 
female shark catfish (Pangasius nasutus) remain underexplored.  This study investigated the impact of 
dietary phospholipid supplementation on growth, reproductive performance, and biochemical parameters 
of female P. nasutus.  The experiment used four cages (4×4×3 m) in an earthen pond, each housing 15 fish 
with an initial average weight of 643±0.34 g and length of 43.3±0.12 cm.  Fish were fed a commercial 
diet supplemented with 0% (control), 1.5%, 2%, or 2.5% phospholipids for 90 days.  Results indicated 
that phospholipid supplementation significantly improved the gonadosomatic index, oocyte development, 
and steroid hormone levels.  The 2.5% phospholipid group exhibited the highest vitellogenin and 
17β-estradiol levels, corresponding to advanced oocyte maturation.  Hematological parameters, blood 
biochemistry, and fatty acid composition were unaffected, and no significant improvements in somatic 
growth or nutrient utilization were observed.  The highest supplementation level (2.5%) yielded the 
greatest increases in the GSI, vitellogenin, and 17β-estradiol levels, resulting in the most developed 
oocytes.  These findings demonstrate that dietary phospholipid supplementation, particularly at 2.5%, 
effectively enhances broodstock quality and reproductive potential in female P. nasutus. 
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2020; Zuo et al., 2022).  Among dietary components, 
lipids are particularly important as they serve not 
only as a source of energy but also play critical 
roles in metabolism, growth, and development 
(Gibbs et al., 2015; Yoo et al., 2022; Torsabo et al., 
2022).  The fatty acid composition of lipids has been 
identified as a key dietary factor in determining 
broodstock reproductive success and offspring 
survival (Izquierdo et al., 2001).  Importantly, higher 
dietary lipid inclusion has been demonstrated to 
exert a protein-saving effect in fish.  However, 
excess lipids can lead to oxidation if poorly utilized 
(Guo et al., 2019).  In addition, excessive lipid 
accumulation can result in nutritional metabolic liver 
disease, negatively impacting fish health (Huang 
et al., 2022).  Thus, it is crucial to optimise lipid 
inclusion in fish diets or employ dietary treatments 
with lipid-lowering effects.

 Phospholipids, phosphorus-containing 
lipids with several structural and functional 
roles (Turchini et al., 2022), represent one such 
dietary treatment.  The lipid-lowering effects of 
phospholipids were first reported in mammals 
(Buang et al., 2005) and later demonstrated in 
fish species, including hybrid snakehead (Channa 
argus × Channa maculate) (Feng et al., 2017) and 
large yellow croaker (Larimichthys crocea) (Lin 
et al., 2018).  The study by Buang et al. (2005) 
also reported that dietary phospholipids inhibit 
fatty acid synthesis and alleviate hepatic lipid 
deposition via fatty acid oxidation.  However, the 
effect of phospholipid supplementation on fish can 
vary significantly between species.  For instance, 
no enhancement in hepatic lipid deposition was 
observed in starry sturgeon (Acipenser stellatus) 
(Uyan et al., 2009), channel catfish (Ictalurus 
punctatus) (Sink and Lochmann, 2014), or amberjack 
(Seriola, dumerili) (Jafari et al., 2021).  Despite this 
variability, dietary phospholipids supplementation 
has been shown to enhance growth performance, 
maintain physiological balance, and reduce stress in 
fish (Zhao et al., 2013; Huang et al., 2021; Torsabo 
et al., 2022; 2023).

 Given the limited research on P. nasutus, 
this study aims to evaluate the effects of dietary 
phospholipid supplementation on its growth, 
reproductive performance, and selected biochemical 
parameters.   

Experimental design 

 Female P. nasutus broodstocks were 
purchased from Three Ocean Fish Pond & Trading 
Sdn. Bhd., located in Selangor, Malaysia, and 
transferred to the experimental station within the 
same facility.  Prior to the experiment, the fish 
underwent a three-week acclimation period to adapt 
to a basal diet.  During this phase, they were fed 
twice daily to satiation with a commercial feed TP 2 
(Charoen Pokphand Foods, Malaysia) containing 
32% protein and 4% lipid.

 After acclimation, the fish were randomly 
assigned to one of four treatment groups: a control 
group (0% phospholipid) and phospholipid-treated 
groups (1.5%, 2.0%, and 2.5%).  Each group was 
stocked with 15 fish in one of 4 cages, measuring 
4×4×3 m, which were installed in an open earthen 
pond (91.44×48.8 m).  The broodstock had an 
average initial weight of 643.00±0.34 g and an 
average total length of 43.30±0.12 cm.  During the 
experimental period, the fish were fed to satiation 
with the experimental diets twice daily, at 9 a.m. and 
5 p.m.  Water quality parameters were maintained 
within acceptable ranges throughout the study, with 
a water temperature of 27.83 °C and dissolved 
oxygen levels at 6.7 mg∙L-1.

Diets preparation/coating

 A commercial 4 mm fish feed containing 
32% protein and 4% lipid served as the base for 
the experimental diets.  The treatment diets were 
top-coated with varying concentrations of soy 
phospholipids (Sigma-Aldrich, 11145): 0% (control), 
1.5%, 2.0%, and 2.5%, resulting in crude lipid 
levels of 5.62%, 6.32%, and 6.98%, respectively.  
To facilitate the coating process, phospholipid 
granules were mixed with water in a beaker and 
heated in a water bath. The resulting liquid was 
sprayed evenly onto the feed using a compressed 
air sprayer while the feed was mixed with a planetary 
mixer (model B20-A food machinery, China).  Agar 
(Sigma-Aldrich, Germany) was used as a gelling 
agent at a 2% concentration.  It was first dissolved 
in 50 mL of hot water (45 °C) and then sprayed 
onto the coated feed in the mixer to ensure uniform
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distribution.  After coating, the diets were dried 
overnight in an oven at 35 °C to reduce moisture 
content.  Once dried, the diets were packed, sealed 
in plastic bags, and stored at 20 °C until used.

 The proximate composition of the diets was 
analyzed using standardized methods established by 
the Association of Official Analytical Chemists (AOAC,

2006), while the fatty acid content was determined 
following the procedure described by Abdulkadir 
and Tsuchiya (2008).  Phospholipid content in 
the diet was measured using the Phospholipid 
Assay Kit (MAK122, Sigma Aldrich) according 
to the manufacturer’s instructions. Tables 1 and 2 
summarize the proximate and fatty acid compositions 
of the experimental diets, respectively.

48

  Table 1. Proximate composition of the experimental diets (% dry weight of feed).

Parameter

Lipid

Protein

Ash

Moisture

Phospholipids 

PL 0

4.23

32.22

4.34

4.53

1.07

PL 1.5

5.62

35.80

4.61

3.55

1.62

PL 2.0

6.32

36.53

5.43

4.31

2.32

PL 2.5

6.98

34.38

5.61

4.56

2.98

        Note: PL 0 = control (0% phospholipids); PL 1.5 (1.5% phospholipids); PL 2.0 (2%  phospholipids); PL 2.5 (2.5% phospholipids).

  Table 2. Fatty acid composition (% of total FAME) of the experimental diets.

Treatment

C14:0

C16:0

C18:0

C20:0

C23:0

C18:1n-9

C20:1n-9

20:4n-6

20:5n-3

C18:2n-6

C20:2n-9

C18:3n-3

C18:3n-6

C22:6n-3

n-3

n-6

n-3/n-6

∑ SFA

∑ MUFA

∑ PUFA

PL 0

3.01

1.77

1.30

0.55

2.47

41.92

3.32

1.57

0.17

19.34

3.45

13.41

2.79

1.25

14.66

22.13

1.50

9.13

45.24

41.98

PL 1.5

3.01

1.77

1.30

0.44

2.07

42.78

3.11

1.57

0.17

18.16

4.23

12.41

3.98

1.25

13.66

22.14

1.62

8.59

44.57

41.86

PL 2.0

2.42

1.70

1.74

0.56

1.11

44.46

3.11

1.12

2.08

15.92

5.77

11.76

4.21

4.00

15.76

20.13

1.28

7.53

47.57

44.86

PL 2.5

2.67

1.80

1.91

0.57

1.15

45.26

3.11

1.22

0.13

19.44

4.45

11.98

4.08

0.58

12.51

23.52

1.88

8.10

48.37

41.88

        Note: PL 0 = control (0% phospholipids); PL 1.5 (1.5% phospholipids); PL 2.0 (2% phospholipids); PL 2.5 (2.5% phospholipids).
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Sample collection

 After  90 days feeding period, five fish 
from each enclosure were selected for analysis. 
The fish were transferred from their breeding 
enclosures to smaller tanks, where crushed ice was 
introduced to immobilize them.  Blood samples 
(3.5 mL) were collected from the vein at the base 
of the spine using 21–gauge needle and a 5 mL 
disposable syringe.  The blood was placed into 
ethylenediamine tetraacetic acid (EDTA) tubes for 
hematological tests and plain BD vacutainers for 
biochemical analyses.  For the measurement of 
17β-estradiol and vitellogenin levels, 1.5 mL of 
blood was centrifuged at 3,500 rpm for 10 min, 
and the resulting plasma was frozen at -80 °C. 
Following blood collection, the fish were euthanized, 
and samples of the liver, muscles, and gonads were 
collected.  Portions of the liver and gonad samples 
were preserved in 10% buffered formalin for 24 h 
and then transferred to 70% ethanol for histological 
examination.  Additionally, samples of the liver, 
gonads, and muscles were frozen at -80 °C, freeze-
dried, and ground for fatty acid profile and 
biochemical composition analysis.

Growth performance and biological indices

 Data on growth performance and biological 
indices were collected at the end of the trial. 
Specimens were dissected to remove and weigh 
their gonads, liver, coelomic fat, and viscera.  The 
gonadosomatic index (GSI), hepatosomatic index 
(HSI), viscerosomatic index (VSI), coelomic 
fat index (CFI), and condition factor (K) were 
calculated using standard formulas.

Specific growth rate (SGR %) 

     = 100 ×  
(Ln Final Weight-Ln Initial Weight)

Feed conversion ratio (FCR)

               =  
Feed provided (dry weight)

 

 Survival rate (%) =  
Final number of fish

  × 100

         
         Weight gain (WG) =  

Final weight (g)

               GSI = 100 × 
Gonad weight (g)

               HSI = 100 ×  
Liver weight (g)

              VSI = 100 ×  
Visceral weight (g)

           
           CFI = 100 ×  

Coelomic fat weight (g)

                             K = 100 ( W )
The body weight of fish is denoted by W in grams 
while the overall length of fish is denoted by L in 
centimeters.

Biochemical analysis

 The analysis of crude lipid, crude protein, 
moisture, and ash followed the methods outlined by 
the Association of Official Agricultural Chemists 
(AOAC, 2006).  Moisture content was determined 
by drying the sample in an oven at 105 °C for 24 h 
until a consistent weight was achieved and then 
calculating the difference between the wet and 
dried weights.  Ash content was determined using a 
muffle furnace at 550 °C for 8 h.  The crude protein 
level was determined using the Kjeldahl method 
by measuring nitrogen and multiplying it by 6.25. 
Crude lipid content was analysed using a Soxhlet 
extractor using petroleum ether at a boiling range 
of 60–80 °C.

Hematology and blood biochemistry

 Hematological parameters were analysed 
from whole blood samples stabilized with EDTA 
using an IDEXX ProCyte Dx analyser (IDEXX 
Laboratories, Inc., ME, USA).  Examined parameters 
included red blood cell count, hematocrit, hemoglobin 
levels, mean cell volume, mean corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration, red 
blood cell distribution width, white blood cell count,

Total time of the experiment

Weight gain (Wet weight)

Initial number of fish

Initial weight (g)

Body weight (g)

Body weight (g)

Body weight (g)

L3

Body weight (g)
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neutrophils, lymphocytes, monocytes, eosinophils, 
basophils, platelet count, platelet distribution width, 
mean platelet volume, and plateletcrit.  Blood 
biochemistry parameters, including glucose, 
creatinine, total protein, albumin, globulin, alanine 
transaminase, and alkaline phosphatase, were 
determined using an IDEXX Catalyst One analyser 
(IDEXX Laboratories, Inc., ME, USA).  The biuret 
technique was employed, excluding haemolysed 
samples to avoid artificially elevated readings 
(Oddsdóttir et al., 2023).

Determination of reproductive hormone profiles 

 Blood samples for reproductive hormone 
profile analysis were collected from five fish per 
treatment using 5 mL disposable syringes with 
21-gauge needles.  Blood samples were drawn from 
the caudal circulation at the study's conclusion and 
stored in ethylene EDTA vacutainer tubes.  Plasma 
was separated by centrifugation at 3,500 rpm for 
10 min, after which 2 mL aliquots were transferred 
into tubes and stored at -80 °C.  Commercial enzyme-
linked immunosorbent assay (ELISA) kits (ELISA) 
kits (Cayman Chemicals, USA) were used to 
analyses reproductive hormones.  Blood plasma was 
thawed, diluted (1:500 and 1:1000), and tested in 
triplicate following the manufacturer’s instructions. 
Absorbance for vitellogenin and 17β-estradiol was 
read at 492 nm and 414 nm, respectively, using 
a SpectraMax iD5 multi-mode microplate reader 
(San Jose, California, USA).

Oocytes diameter determination

 At the end of the feeding trial, five fish 
from each experimental group were weighed and 
dissected.  Ovarian samples (midway through the 
ovary) were collected, preserved in 10% buffered 
formalin for 72 h, and then transferred to 70% 
ethanol.  Samples were processed using standard 
histological techniques (Korkmaz et al., 2020). 
Tissue sections (5 μm thick) were mounted on glass 
slides and stained with hematoxylin and eosin 
(H & E).  After staining, the slides were dried and 
examined under a light microscope.  However, 
the section quality was insufficient for precise 
identification of developmental stages.  Consequently,

only rough identification of oocyte stages was
performed to facilitate diameter measurements. 
To assess oocyte size frequency distribution, 100 
oocytes per specimen were measured using ImageJ 
software following the method by Abduh et al. 
(2021).  Oocyte diameters were categorized by 
developmental stage: Stage 1 (10–30 µm), Stage 
2 (30–150 µm), Stage 3 (150–300 µm), Stage 4 
(300–600 µm), Stage 5 (600–800 µm), and Stage 
6 (800–1000 µm).

Fecundity 

 A total of three ovaries per treatment was 
used to estimate fecundity.  After measuring the 
total gonad weight, fecundity was determined by 
gravimetric sampling.  A subsample was weighed, 
cleaned to separate the eggs from the ovarian tissue, 
and dried on blotting paper.  The total number of 
eggs was calculated using the equation by Yeldan 
and Avsar (2000).

     F = nG/g
   
 where F represents fecundity (eggs∙ind-1), 
n represents the number of eggs in the subsample, 
G represents the overall weight of the ovaries, and 
g represents the weight of the subsample in the 
same units.

Fatty acid analysis of liver, gonad, and muscle

 Liver, gonad, and muscle samples from 
P. nasutus were collected and subjected to a 72 h 
freeze-drying process.  The samples were then 
finely ground and stored at -40 °C until analysis. 
A one-step method described by Abdulkadir and 
Tsuchiya (2008) was employed to combine the 
extraction and esterification steps into a single tube 
for Fatty Acid Methyl Ester (FAME) extraction. 
After extraction, the FAMEs were transferred 
into clean sample vials and analysed using a gas 
chromatograph (GC 14-B Shimadzu) equipped 
with a flame ionization detector (GC-FID).  For 
FAME analysis, an Agilent Technologies, Inc. 
gas chromatograph was used.  Fatty acids were 
identified by comparing the relative retention times 
of the FAMEs with those of a known standard.
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 Fatty acid concentrations (CFA, mg∙g-1 of 
dry sample) were calculated by comparing the peak 
area of fatty acids in the sample with the peak area 
of the internal standard using the formula:

                      CFA = AS/AIS × CIS/WS

 Where: 
 AS       = Peak area of fatty acid in the 
  sample in the chromatograph;
 AIS      =  Peak area of the internal standard 
  in the chromatograph;
 CIS      =  Concentration of the internal 
  standard (mg);
 WS      =  Weight of the sample (g).

Statistical analysis

 The collected data were presented as 
means ±standard deviation.  The data were tested 
for normal distribution using the Shapiro-Wilk test, 
and homogeneity of variance was assessed using 
Levene’s test for equal variance.  One-way analysis 
of variance (ANOVA) was performed using SPSS 
22.0 to analyse the data.  Differences between means 
were evaluated using a post-hoc Tukey’s test with 
statistical significance set at p<0.05.  To assess the 
extent of oocyte dependence on treatments, Fisher’s

test was used.  Significant differences among the 
counted oocytes within each developmental stage 
were determined using the Marascuilo procedure. 
Second-order polynomial regression analysis was 
used to evaluate the complex, non-linear relationship 
between phospholipid-supplemented diets and their 
effects on key blood parameters.

Growth and biological indices

 The growth and biochemical indicators of 
female P. nasutus fed varying levels of phospholipid-
coated diets are shown in Table 3.  After 90 days 
of the trial, survival rates of the experimental fish 
ranged between 93.00±0.03% and 100%, with 
no significant differences (p = 0.547).  Overall, 
phospholipid supplementations did not affect growth 
parameters (BW, TL, SGR, and WG), condition 
factor, or FCR (p = 0.090–0.878).  Similarly, indices 
such as HSI, VSI, and CFI were not influenced by 
the supplementation (p = 0.378–0.974).  However, 
the GSI was significantly higher (p = 0.005) in the 
group fed the PL 2.5 diet, reaching 5.12±1.35%, 
which was notably higher than the control and lower 
supplementation groups. 

        Note: Mean±SD in the same row superscripted with different lowercase letters are significantly different (p<0.05).

Treatment

BW (g)

TL (cm)

SGR (%)

WG

K

FCR

GSI 

HSI

VSI

CFI

Survival (%)

PL 0

760±29.2

43.82±0.66

0.43±0.08

117±69.5

0.90±0.01

1.80±0.22

1.34±0.46b

1.13±0.11

1.45±0.14

4.52±0.55

100

PL 1.5

860±79.7

45.22±1.05

0.18±0.04

217±29.2

0.92±0.03

1.70±0.12

1.18±0.42b

1.22±0.07

1.49±0.12

4.46±0.63

93

PL 2.0

800±59.2

43.94±1.01

0.30±0.10

157±79.7

0.94±0.03

1.62±0.26

1.69±0.19b

1.10±0.05

1.48±0.08

5.18±0.86

96

PL 2.5

959±69.5

46.69±0.5

0.23±0.08

316±59.2

0.94±0.06

1.55±0.28

5.12±1.35a

1.00±0.13

1.42±0.17

3.20±1.03

100

p-value

0.166

0.090

0.161

0.166

0.878

0.876

0.005

0.457

0.984

0.378

-

  Table 3. Growth and biological indices of Pangasius nasutus fed phospholipid-supplemented diets for 90 days. 
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Hematological and blood biochemistry indices

 Table 4 presents the hematological 
parameters of P. nasutus fed diets supplemented 
with phospholipids.  The RBC count significantly 
increased with phospholipid supplementation, with 
the highest counts recorded in the PL 2.5 (2.34±
0.12×1012∙L-1) and PL 2.0 (2.03±0.01×1012∙L-1) 
groups compared to PL 0 and PL 1.5 (p = 0.001). 
A similar trend was observed for HCT, where 
PL 2.5 (29.67±1.68%) and PL 2.0 (27.93±0.18%) 
had significantly higher HCT values than PL 0  
and PL 1.5 (p = 0.002).  Hemoglobin levels were 
significantly higher in the PL 2.5 (9.27±0.48 g∙dL-1) 
and PL 2 (7.37±0.09 g∙dL-1) groups compared to 
PL 0 and PL 1.5 (p = 0.005).  The WBC count 
also varied significantly, with the PL 2.0 group 
exhibiting the highest count (58.97±1.12×109∙L-1), 
followed by PL 2.0., PL 1.5, and PL 0  (p = 0.001).

 A second-order polynomial regression 
analysis (Figure 1) reveals varying effects of 
phospholipid diets on blood metrics.  Haematocrit 
(HCT) and hemoglobin (HGB) show strong 
correlations, with dietary factors accounting for 
66.88% and 91.58% of their variability, respectively. 
Red blood cell (RBC) variability, however, is weakly 
associated with diet at 13.02%.  White blood cells 
(WBC) and platelets (PLT) show moderate 
associations, with r2 values of 46.55% and 
54.47%.  Red cell distribution width (RDW) 
demonstrates the strongest relationship, with 
95.24% of its variation influenced by phospholipid 
supplementation.

 The blood biochemistry of P. nasutus fed 
phospholipid-supplemented diets for 90 days is 
shown in Table 5.  Plasma glucose (GLU) was 
highest in PL 2.5 (p = 0.000).  Total protein (TP)
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        Note: Mean±SD in the same row superscripted with different lowercase letters are significantly different (p<0.05).

Treatment

RBC (1012∙L-1)

HCT (%)

HGB (g∙dL-1)

MCV (fL)

MCH (pg)

MCHC (g∙dL-1)

RDW (%)

WBC (109∙L-1)

NEU (109∙L-1)

LYM (109∙L-1)

MONO (109∙L-1)

EOS (109∙L-1)

BASO (109∙L-1)

PLT (K∙µL-1)

MPV (fL)

PDW (fL)

PCT (%)

PL 0

1.79±0.25b

25.13±0.53b

7.10±1.11b

140.03±0.56a

39.37±0.86

28.13±0.52c

9.27±0.03c

21.35±0.46d

12.40±0.81d

8.16±0.41b

0.46±0.2b

0.09±0.02

0.06±0.02

4.67±0.67

19.33±1.11b

10.73±1.54

0.010±0.00

PL 1.5

1.01±0.08c

13.03±1.01c

4.20±0.59c

129.4±0.5c

41.33±2.68

31.93±1.99a

12.43±0.14a

27.06±5.77c

17.37±3.78c

8.53±1.87b

0.90±0.21b

0.16±0.01

0.10±0.05

2.67±0.88

13.4±0.31c

7.47±0.41

0.003±0.00

PL 2.0

2.03±0.01a

27.93±0.18a

7.37±0.09b

137.37±0.46b

36.23±0.35

26.37±0.14b

12.83±0.09a

58.97±1.12a

38.41±1.65a

17.32±1.08a

2.98±0.05a

0.13±0.02

0.12±0.02

6.33±0.88

23.93±0.24a

8.53±0.73

0.013±0.00

PL 2.5

2.34±0.12a

29.67±1.68a

9.27±0.48a

126.67±0.74d

39.57±0.12

31.27±0.18a

10.97±0.12b

39.09±1.16b

23.41±1.41b

14.82±1.27a

0.64±0.01b

0.14±0.05

0.07±0.02

6.00±1.00

23.50±0.55a

10.37±2.07

0.017±0.00

p-value

0.001

0.002

0.005

0.000

0.162

0.016

0.000

0.000

0.000

0.002

0.000

0.523

0.440

0.062

0.000

0.340

0.055

  Table 4. Hematological Indices of Pangasius nasutus fed phospholipid-supplemented diets for 90 days. 
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was numerically highest in PL 2.5 but significantly
lower in PL 1.5. Albumin (ALB) and globulin 
(GLOB) were significantly higher in PL 2.5 compared 
to PL 1.5, while the albumin-to-globulin ratio 
(ALB/GLOB) significantly reduced in fish received 
phospholipid supplement except for the PL 2.5, 
which showed no significant differences (p = 0.037) 
with the control.  Alanine aminotransferase (ALT)
was significantly elevated in PL 2.5 (p = 0.002). 
Regression analysis (Figure 2) revealed varying 
impacts of phospholipid diets, with r² values for 
TP, ALB, and GLOB at 72.39%, 84.03%, and 
87.74%, respectively, and for GLU and ALT at 
94.76% and 83.97%, indicating strong influences 
of dietary phospholipids on these parameters.

Vitellogenin and Estradiol levels 

 Figures 3a and 3b show the plasma levels 
of vitellogenin (VTG) and 17β estradiol (E2) in 
female P. nasutus.  Plasma VTG levels increased 
from PL 1.5 to PL 2.5, with PL 2.5 recording a 
significantly high VTG concentration (10.69±0.45 
mg∙mL-1).  Adding phospholipids raised the levels 
of 17β estradiol (E2) in the plasma, and PL 2.5 had 
a significantly (p<0.05) high E2 level (51.86±3.01 
pg∙mL-1).  At the same time, there was no significant 
difference between treatments PL 1.5 and PL 2.0,
while the control (PL 0) had a significantly lower 
concentration compared to all the phospholipid-
supplemented groups.

Figure 1. Second-order polynomial regression of some mean haematological parameters vs phospholipid 
 supplementation levels.

        Note: Means±SD in the same row superscripted with different lowercase letters are significantly different (p<0.05).

Treatment

GLU (mmol∙L-1)

UREA (mmol∙L-1)

TP (g∙L-1)

ALB (g∙L-1)

GLOB (g∙L-1)

ALB/GLOB

ALT (U∙L-1)

PL 0

3.94±0.02b

1.55±0.55

116.00±4.00a

48.50±0.05b

63.00±1.00b

0.78±0.01a

27.19±0.15c

PL 1.5

3.94±0.01b

0.90±0.00

42.00±0.00b

18.00±0.00c

24.00±0.00c

0.70±0.00b

28.02±0.02c

PL 2.0

3.86±0.01b

2.00±0.00

111.00±2.00a

46.50±0.05b

65.50±2.05b

0.70±0.00b

93.54±0.49b

PL 2.5

5.64±0.01a

1.20±0.00

120.00±0.00a

60.00±0.00a

81.00±3.00a

0.74±0.03b

128.50±1.50a

p-value

0.000

0.161

0.000

0.000

0.000

0.037

0.002

  Table 5. Blood biochemistry indices of Pangasius nasutus fed phospholipid-supplemented diets for 90 days.



JOURNAL OF FISHERIES AND ENVIRONMENT 2025, VOLUME 49 (1)

Oocyte size-frequency distribution and fecundity

 Figure 4 shows the oocyte size-frequency 
distribution of the oocyte diameters of P. nasutus 
fed different levels of phospholipid-supplemented 
diet.  The results showed that the oocyte count 
depended on the treatments administered (p<0.05). 
The oocyte size-frequency distribution shows that 
frequencies of stages 1 (10–30 µm) oocytes showed 
minimal differences among treatments, with a 
significantly lower count observed in PL 1.5.  The 
frequency of stage 2 (30–150 µm) oocytes in PL 0 
remained significantly high (125), whereas PL 2.5 had 
74; no significant difference was observed between

PL 1.5 and PL 2.0.  A decrease in the countof stage 3 
(150–300 µm) oocytes was observed in PL 0 (51), while 
PL 2.0 demonstrated a significant increase (135).  
Notably, PL 2.5 recorded the highest number of stages 6 
(800–1,000 µm) oocytes among all treatment groups.

 The absolute fecundity (Figure 5) varied 
between treatments.  Fish fed PL 2.5 had a 
significantly higher absolute fecundity (29,291±
9.23 eggs∙ind-1) than fish fed PL 1.5 (15,546±9.54 
eggs∙ind-1) or the control group (PL 0).  However, 
there was no statistically significant difference in 
absolute fecundity between fish fed PL 2.5 and 
PL 2.0 (28,851±10.32 eggs∙ind-1).

54

Figure 3. Plasma Vitellogenin (VTG) (a), and Plasma 17β-estradiol (E2) (b) levels of female Pangasius nasutus 
 fed varying phospholipid-supplemented diets for 90 days. Bars represent mean values and error bars 
 represent standard deviation (SD). Different lowercase letters above bars indicate significant differences 
 (p<0.05) between means.

Figure 2. Second-order polynomial regression of some mean blood biochemistry metrics vs phospholipid 
 supplementation levels. 
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Figure 5. Absolute fecundity of female Pangasius nasutus fed varying levels of phospholipid-supplemented diets 
 for 90 days. Bars represent mean values and error bars represent standard deviation (SD). Different 
 lowercase letters above bars indicate significant differences (p<0.05) between means. 

Figure 4. Frequency distribution of different oocyte stages (from oocytes diameter) of female Pangasius nasutus 
 fed varying levels of phospholipid-supplemented diets for 90 days. S1–S6 (stage 1–stage 6). Bars represent 
 mean values and error bars represent standard deviation (SD). Different lowercase letters above bars 
 indicate significant differences (p<0.05) between means of each oocyte stage.
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Growth, biological, hematological, and blood 
biochemistry 

 Adding phospholipids to the diet did not 
significantly affect the body weight or overall length 
of the female broodfish.  Phospholipids are known 
to improve growth performance in various fish 
species during early life stages (Kiron, 2012), as 
observed in large yellow croaker (Larimichthys 
crocea) (Feng et al., 2017), gilthead seabream 
(Sparus aurata) (Kokou et al., 2021),  Atlantic 
salmon (Salmo salar) (Taylor et al., 2015; Jaxion-
Harm, 2021), and hybrid grouper (Epinephelus 
fuscoguttatus ♀ × E. lancolatus ♂) (Huang 
et al., 2022).  However, the absence of growth 
improvement in the present study may be attributed 
to the reallocation of energy in adult fish towards 
reproductive activities rather than somatic growth.

 The condition factor (K) is an important 
indicator of fish health and body condition, reflecting 
energy reserves and overall well-being (Jisr et al., 
2018; Hammock et al., 2022).  In this study, no 
substantial variations in K were observed across 
treatments, thus indicating that phospholipid 
supplementation did not affect the overall condition 
of P. nasutus.  This finding aligns with the results 
of Turchini et al. (2009).  Similarly, indices such 
as the HSI, VSI, and CFI were not significantly 
different among treatments.  HSI represents the 
relative size and condition of the liver, while the 
VSI reflects the size and condition of the viscera, 
and the CFI indicates lipid reserves (Lee et al., 
2002; Dong et al., 2014; Rizzo and Bazzoli, 2020). 
The comparable values of these indicators across 
treatments suggest that phospholipid supplementation 
did not alter resource allocation between the liver, 
visceral tissues, and other metabolic processes. 
These findings are consistent with previous studies 
emphasizing the role of phospholipids in supporting 
reproductive processes, such as those conducted 
on zebrafish fed a microdiet supplemented with 
phospholipids (Martins et al., 2020a).

 The feed conversion ratio (FCR) of the 
diet containing 2.5% phospholipids was numerically 
the lowest among treatments, although differences
between the 1.5%, 2%, and control diets were 
not statistically significant.  While a lower FCR 
typically reflects improved feed efficiency, the lack 
of significant differences suggests that phospholipid 
supplementation at the tested levels did not 
substantially affect nutrient utilization.  Reports 
have linked phospholipid supplementation to 
improved nutrient utilization in other fish species. 
For instance, diets supplemented with phospholipids 
enhanced FCR in largemouth bass larvae, zebrafish 
(Tocher, 2003; Martins et al., 2020a; Wang et al., 
2022), and channel catfish (Ictalurus punctatus), 
where a 4% phospholipid diet resulted in better 
FCR (1.34±0.12) compared to 2% and control diet 
(Sink and Lochmann, 2014).  Similarly, hybrid 
snakehead fed diets with varying phospholipid 
levels (8.5–50.8 g∙kg-1) exhibited differing FCRs, 
with the lowest phospholipid level yielding the 
highest FCR (Lin et al., 2018).

 Phospholipid supplementation at 2.5% 
significantly increased RBC, HCT, HGB, WBC, 
LYM, MPV, and PCT in female P. nasutus.  These 
changes enhance oxygen transport, immune potential, 
and platelet function.  Increases in RBC, HCT, 
and HGB suggest improved erythropoiesis and 
hemoglobin synthesis, potentially boosting aerobic 
performance and hypoxia tolerance.  Elevated 
WBC and LYM levels indicate enhanced leukocyte 
production and adaptive immune responses, while 
higher MPV and PCT reflect increased platelet 
size and number, improving clotting and wound 
healing.  These findings align with studies by 
Witeska et al. (2016; 2022) and a review by Fazio 
(2019), which highlighted the role of phospholipids 
in modulating fish hematological parameters.  
Similar results were reported for Senegalese sole 
(Solea senegalensis) (Salas-Leiton et al., 2018), 
rainbow trout (Oncorhynchus mykiss fingerlings 
(Zargar et al., 2019), as well as in striped catfish 
(Pangasianodon hypophthalmus) (Torsabo et al., 
2023).

DISCUSSION
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 The highest phospholipid level (2.5%) 
also increased blood GLU, TP, ALB, GLOB, ALT, 
and ALKP levels, indicating altered metabolic and 
liver functions.  This finding supports those of 
Hadarabi et al. (2011), who reported increased 
glucose levels with 6% dietary phospholipids in
sturgeon fish (Huso huso), although ALT, AST, ALP, 
and LDH levels remained unaffected.  Additionally, 
De Santis et al. (2015) demonstrated that dietary 
phospholipids influenced biochemical and 
morphological parameters in Atlantic salmon fry. 
Polynomial regression analysis (r2 values) further 
confirmed the strong to moderate contributions of 
phospholipids to hematological and biochemical 
parameters, reinforcing their importance in enhancing 
fish health and physiological performance.

Gonadal development, and fecundity 

 GSI is an important indicator of gonadal 
development and maturity (Flores et al., 2019; 
Petersen and Warner, 2002).  A significant correlation 
exists between GSI and the percentage of mature 
(post-vitellogenic) oocytes, as observed in Indian 
threadfin (Alectis indicus) (Khamcharoen et al., 
2023).  In this study, GSI was significantly higher 
in the groups fed phospholipid-supplemented diets, 
particularly in the PL 2.5 treatment, compared to the 
control group.  This finding suggests a stimulatory 
effect of dietary phospholipids on gonadal 
development and their potential to enhance 
reproductive performance.  The GSI for the PL 2.5 
group (5.12±1.35%) exceeded the values reported 
for wild female P. nasutus (3.81%) during the 
onset of the spawning season (Torsabo et al., 
2024) and fell within the range of 1.97–4.42% for 
hybrid catfish broodstock (Pangasius larnaudii × 
P. hypophthalmus) (Sattang et al., 2021), and 4.24–
11.37% for sexually mature P. hypophthalmus 
(Datta et al., 2018).  Variation in GSI among fish 
at a gonad stage may be attributed to rearing 
conditions, sampling times, and species-specific 
characteristics.  These results align with earlier 
studies emphasizing the role of phospholipids in 
supporting fish reproduction (Tocher, 2015).

 

 Histological analysis further confirmed the 
asynchronous reproductive pattern of P. nasutus, 
characterized by the presence of all oocyte 
developmental stages (Lubzens et al., 2010), though 
certain stages were dominant depending on the 
dietary treatment.  Fish fed the control diet exhibited 
a higher proportion of Stage 1 oocytes, while those 
fed PL 2.5 displayed a dominance of Stage 6 oocytes, 
indicative of ovulation readiness were dominant in
fish fed PL 2.5 diet with few numbers of stage 1 
oocytes (Figure 5).  Stage 5 oocytes, representing 
final maturation stages, were also significantly 
more abundant in the PL 2.5 group.  These findings 
corroborate the GSI results, highlighting the role 
of phospholipid-supplemented diets in advancing 
oocyte maturation and promoting ovulation.

 PLs in broodstock diets are crucial for 
adequate gametogenesis and embryogenesis (Fraher 
et al., 2016; Martins et al., 2020b).  The abundance 
of matured oocytes in phospholipid-supplemented 
groups can likely be attributed to the bioavailability 
of polyunsaturated fatty acids (PUFAs), which are the 
major constituents of phospholipids (Martins et al., 
2020b).  PUFAs such as n-3 and n-6  are commonly 
found in the hydrophobic tails of phospholipids, 
where they play essential roles in cellular structure, 
signalling, and various physiological processes in 
organisms (Martins et al., 2020a).  Additionally, 
PUFAs contribute to the modulatory effects of 
prostaglandin synthesis and steroidogenesis (Wathes 
et al., 2007).

 Although P. nasutus, as a freshwater 
species, possesses the ability to biosynthesis PUFAs 
such as eicosapentaenoic acid (EPA, 20:5n-3) 
and docosahexaenoic acid (DHA, 22:6n-3) from 
α-linolenic acid (LNA, 18:3n-3), as well as 
arachidonic acid (ARA, 20:4n-6) from linoleic acid 
(LA, 18:2n-6) de novo.  However, PL biosynthesis 
depends on desaturase and elongase enzymes, which 
are highly influenced by the developmental stages of 
the organism (Alimuddin et al., 2005). A PUFA-rich 
diet eliminates the need for de novo biosynthesis, 
thereby reducing metabolic effort and enhancing
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biological efficiency (Martins et al., 2020a).  Our 
findings suggest that PL uptake from supplemented 
diets in P. nasutus decreases endogenous PUFA 
biosynthesis, consequently reducing metabolic effort 
and improving reproductive performance. 

 Phosphol ip id -supp lemented  d ie t  
significantly influences the absolute fecundity of 
female P. nasutus.  Specifically, the PL 2.5 group 
exhibited a significantly higher number of matured 
oocytes, corresponding to increased fecundity.  This 
effect is likely attributed to the abundance of PUFAs 
in phospholipids, which enhance reproductive
performance in teleost fish (Izquierdo et al., 2001; 
2015).  Phospholipid supplementation has also been  
reported to increase levels of 17β-estradiol and 
11-ketotestosterone in striped catfish, hormones 
essential for reproduction and secondary sexual 
characteristic development (Torsabo et al., 2023).

Vitellogenin (VTG) and 17β-estradiol (E2) 
concentrations

 In this study, a progressive increase in 
plasma VTG and E2 concentrations was observed 
in P. nasutus fed phospholipid-supplemented diets, 
with the highest levels recorded in the PL 2.5 
group.  This finding indicates a direct relationship 
between dietary phospholipid supplementation 
and reproductive activity, as VTG and E2 are 
critical markers of gonadal development in fish. 
Phospholipids likely play dual roles by facilitating 
nutrient transport and modulating metabolic 
pathways (Jaxion-Harm, 2021).

 Phospholipids have been more extensively 
utilized in diets to enhance reproductive performance 
in crustaceans compared to finfish (Wee et al., 2023). 
Phospholipids, due to their amphipathic nature, 
allowing them to form lipoprotein complexes and 
effectively transport lipophilic molecules such 
as fatty acids, sterols, and vitamins across cell 
membranes (Wang et al., 2013).  This property 
enhances the uptake and distribution of essential 
nutrients required for E2 synthesis and VTG 
production.  Estradiol, synthesized in the ovaries, 
regulates oocyte development and vitellogenesis,

wherein VTG is produced in the liver and 
subsequently transported to the ovaries to support 
yolk formation (Lubzens et al., 2010).

 The observed increases in VTG and E2 in 
this study align with the physiological demands of 
gonadal development, as phospholipid-supplemented 
groups exhibited a greater abundance of vitellogenic 
and mature oocytes compared to the control group. 
These findings are consistent with previous 
studies demonstrating the role of dietary lipids in 
enhancing the reproductive performance of fish.  
For instance, Song et al. (2019) reported that dietary 
phospholipids enhance ovarian development by 
stimulating E2 production and VTG synthesis in
marine fish.  Moreover, phospholipids are crucial
for the incorporation and transport of long-chain 
polyunsaturated fatty acids (LC-PUFAs), which 
are essential for steroidogenesis and maintainance 
of membrane fluidity in developing oocytes (Lin 
et al., 2020).

 The role of phospholipids in nutrient 
transport may also extend to their interaction with 
other critical nutrients.  Fatty acids and sterols serve 
as precursors for hormone synthesis and membrane 
biogenesis, while vitamins such as E and A are 
essential for antioxidant protection and gene 
expression during oogenesis (NRC, 2011).  By 
facilitating the incorporation of these components 
into gonadal tissues, phospholipids likely contribute 
to the observed increases in VTG and E2, further 
supporting enhanced reproductive activity.

Biochemical and fatty acids composition of liver, 
gonad, and muscle

 Phospholipid supplementation significantly 
influenced the biochemical composition of liver, 
gonad, and muscle tissues in female P. nasutus as 
shown in Supplementary Tables 1-4 (Supplementary 
Table 1-4).  In the liver, increased protein and lipid 
content was observed, particularly at the 2.5% 
supplementation level (Supplementary Table 1), 
indicating enhanced protein metabolism and lipid 
storage.  These findings are consistent with studies 
on other fish species, including Atlantic salmon
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(Salmo salar) (Ibarz et al., 2023), channel catfish 
(Ictalurus punctatus) (Liu et al., 2020), and other 
experimental animals (Cohn et al., 2008).

 In the gonads, elevated protein and lipid 
content, particularly in the PL 2.5 group (Supplementary 
Table 1), supported reproductive processes, consistent 
with previous research linking dietary phospholipids to 
improved reproduction and egg quality in fish (Nandi 
et al., 2007; Wathes et al., 2007; Schlotz et al., 2012; 
Sarih et al., 2020).  Muscle tissue also showed 
significant changes, including increased protein, lipid, 
ash, and moisture content (Supplementary Table 1).  
The increase in muscle protein indicates improved 
growth and fillet quality, while elevated lipid levels 
suggest enhanced energy storage.  Similar responses 
in muscle tissue have been reported in other fish 
species (Bargui et al., 2021; Kizmaz, 2021).

 Fatty acid composition varied across 
tissues, reflecting tissue-specific metabolic effects. 
The liver showed increased saturated fatty acids 
(SFAs), with the highest levels of monounsaturated 
fatty acid (MUFA) and PUFAs observed in the PL 
1.5 and PL 2.0 groups, respectively (Supplementary 
Table 2).  Gonads showed the highest PUFA levels in 
the PL 2.5 group (Supplementary Table 3)., similarly,  
muscle tissue exhibited peak PUFA levels in the 
PL 2.5 group and MUFA in the PL 2.0 group 
(Supplementary Table 4).  These changes align with 
studies on lipid metabolism in European catfish 
(Silurus glanis L ) (Egessa et al., 2024) and the 
reproductive roles of n-3 and n-6 PUFAs (Izquierdo 
et al., 2001; Carboni et al., 2013).  Phospholipid 
supplementation influenced specific fatty acids, such 
as C18:1n-9, C18:3n-6, and C20:3n-3, reflecting 
differential regulation of MUFA and PUFA pathways. 
Similar trends in fatty acid transformation and 
metabolic roles have been reported (Tan et al., 
2022; Wee et al., 2023).  This study highlights 
the organ-dependent synthesis, incorporation, and 
distribution of fatty acids, with implications for 
metabolic processes and nutritional quality.  Further 
research is needed to elucidate the underlying 
mechanisms, such as enzymatic modulation, driving 
these observed effects.

 This study demonstrates the multifaceted 
benefits of dietary phospholipid supplementation 
in P. nasutus.  Significant improvements were 
observed in GSI, oocyte development and maturation, 
and elevated VTG and E2, particularly at 2.5% 
phospholipid supplementation.  Biochemical 
composition analyses revealed enhanced protein 
metabolism and lipid storage in liver and gonad 
tissues, alongside improved reproductive activity. 
No adverse effects were observed in P. nasutus 
broodstock health, as indicated by stable blood 
metrics.  However, somatic growth and nutrient 
utilization were not significantly influenced, likely 
due to energy prioritization for reproduction.  
Fatty acid analysis confirmed the role of dietary 
phospholipids in lipid metabolism, energy utilization, 
and cellular functions.  Overall, these findings 
emphasize the multifaceted benefits of dietary
phospholipid supplementation in enhancing
physiological processes in P. nasutus, while also 
identifying areas for further investigation into 
underlying mechanisms and aquaculture applications.
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