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Fatty Acid Composition, Lipogenic Enzyme Activities and mRNA 

Expression of Genes Involved in The Lipid Metabolism of Nile Tilapia Fed 

with Palm Oil 

Introduction 
 

Fish oils are considered as the main source of 

lipid in aquaculture feeds to promote growth and 

development of farmed species by providing essential 

polyunsaturated fatty acids (PUFAs), especially high 

unsaturated fatty acids (HUFAs) (Sargent et al., 

2002). However, as a result of increase in aquaculture 

activities as well as the limited availability of fish oil 

and fish meal, there are calls for the use of alternative 

lipid and protein sources to develop fish farming 

practices that are sustainable (Kazemi et al., 2016).  

Plant oils rich in C18 polyunsaturated fatty acids 

(PUFA) are potential and suitable candidates to 

replace fish oils in aquaculture feeds (Hafezieh et al., 

2010). Palm oil is currently the most abundant 

vegetable oil in the world (Ochang et al., 2007a) with 

the global production of palm oil projected to increase 

by over 30% by 2020 due to the continuous supply by 

developing countries (Ayisi and Zhao, 2014). 

At present, many preliminary studies have been 

conducted to determine the effects of replacing fish 

oil with palm oil in tilapia (Ochang et al., 2007b; Ng 

and Wang, 2010), catfish (Ochang et al., 2007a), large 

yellow croaker (Duan et al., 2014) and Juvenile Chu’s 

Croaker, Nibea coibor (Huang et al., 2016).  

Changes in dietary fatty acid composition can 

have effects on the regulation of fatty acid oxidation 

through a variety of genomic and non-genomic 

mechanisms (Morash et al., 2009).  

Recent studies indicated that replacing fish oil 

with palm oil could act as a modifier in lipid 

metabolism hence increasing lipid accumulation in 

fish tissue and whole body. For instance, replacing 

FO with PO led to an increase in liver lipid deposition 

in Juvenile Chu’s Croaker, Nibea coibor (Huang et 

al., 2016). Similarly, replacing FO with other VO 

resulted in increased lipid levels in liver in tilapia 

(Peng et al., 2015) and rainbow trout (Guler and 

Yildiz, 2011).  

Lipid accumulation results from the balance 

between synthesis of fatty acids (lipogenesis) and 

fat catabolism via β-oxidation (lipolysis), and 

many key enzymes and transcriptional factors are 

involved in these metabolic processes (Chen et al., 

2015). These enzymes include lipogenic enzymes 
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Abstract 

 

This study was aimed at elucidating the effects of replacing fish oil (FO) with palm oil (PO) on tissue fatty acid 

composition, lipogenic enzyme activities and mRNA expression of genes related to lipid metabolism in Nile tilapia, 

Oreochromis niloticus (6.72± 0.14g). An eight week feeding trial was conducted using five isonitrogenous and isolipidic diets 

containing 0% PO, 25% PO, 50% PO, 75% PO and 100% PO. PO supplementation led to a significant increase in total 

saturated fatty acid (SFA), total mono unsaturated fatty acids (MUFA) and 18: 2n-6, whiles DHA, EPA, total n-3 as well as 

20: 2n-6 were reduced significantly in the liver (P＜0.05). With the exception of glycerol-3-phosphate acyltransferase (GPAT) 

enzyme activity, supplementing tilapia diet with PO significantly increased fatty acid synthesase (FAS), acetyl-CoA 

carboxylase (ACC), steroyl-CoA desaturase 1 (SCD1), ATP citrate lyase (ACYL), carnitine palmitoyltransferase Ia (CPTIa) 

and carnitine palmitoyltransferase Ib (CPT Ib) (P＜0.05). In addition, significant/positive correlations were observed among 

dietary PO and/or liver tissue FA with FAS, ACC, SCD1 and ACYL mRNA expression while a negative correlation was 

recorded for CPTI mRNA expression. Generally, inclusion of PO in tilapia diets resulted in lipid accumulation in the liver and 

altered the key gene expression of lipid metabolism. 

 

Keywords: Stearoyl-CoA desaturate 1, Fatty acid synthesase, Carnitine palmitoyltransferase (CPT) I, Acetyl-CoA 

Carboxylase, ATP Citrate Lyase, Lipid metabolism, Oreochromis niloticus, Palm oil. 
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(such as fatty acid synthase (FAS), and acetyl-CoA 

carboxylase (ACC) , and lipolytic enzymes (such 

as carnitinepalmitoyltransferase I (CPT I), 

hormone-sensitive lipase (HSL) and adipose 

triacylglyceride lipase (ATGL) (Elliott and Elliott, 

2009). 

Acetyl-CoA carboxylase (ACC) is not only a 

key enzyme in fatty acid synthesis via the ACCa, 

but also plays an important role by regulating fatty 

acid oxidation via the ACCb. ACC is a biotin-

dependent enzyme that catalyzes the irreversible 

carboxylation of acetyl-CoA to malonyl-CoA, the 

rate-limiting step in fatty acid biosynthetic pathway 

(Cheng et al., 2011). 

FAS is a key enzyme that regulates the de novo 

biosynthesis of long-chain fatty acids from acetyl-

CoA and malonyl-CoA in the presence of NADPH 

(Dong, et al., 2014).  

Carnitine palmitoyltransferase (CPT) I is 

considered as the main regulatory enzyme in 

mitochondrial fatty acid oxidation because it catalyses 

the conversion of fatty acyl-CoAs into fatty acyl-

carnitines for entry into the mitochondrial matrix 

(Kerner and Hoppel, 2000). Various nutrients 

modulate the mechanisms involved in CPT I 

regulation and consequently mitochondrial β-

oxidation of fatty acids. For example, CPT I 

expression was increased in the red muscle, adipose 

tissue and liver between three and seven fold in 

rainbow trout (Oncorhynchus mykiss) fed high PUFA 

diet compared to the mixed fatty acid control diet 

(Morash et al., 2009). Also, PUFAs can also act on 

CPT I activity indirectly via changes in the 

mitochondrial membrane composition. The fatty acid 

composition of the outer mitochondrial membrane has 

been shown to be of particular importance to the 

regulation of CPT I because it can affect membrane 

properties and the binding affinity of the allosteric 

regulator M-CoA to the enzyme (Morash et al., 2009). 

Fatty acid can serve as a substrate for β-oxidation to 

provide energy. β-oxidation is the major process by 

which fatty acids are oxidized, by sequential removal 

of two carbon units from the acyl chain. CPT I is 

frequently described as the ‘rate-limiting enzyme’ of 

β-oxidation flux in liver, heart and skeletal muscle 

(Eaton, 2002). 

SCD are known for their roles in synthesizing 

unsaturated fatty acids (Ardiyanti et al., 2012). 

Stearoyl-CoA desaturase (SCD) synthesizes oleate 

necessary for the biosynthesis of triglycerides and 

other lipids (Miyazaki et al., 2004). Although studies 

have investigated the replacement of fish oil with 

palm oil on growth and lipid deposition in fish, the 

underlying molecular processes involved in fatty acid 

metabolism and the change of lipid deposition as a 

response to dietary fish oil replacement by palm oil 

are seldom known. 

The aim of the present study was to investigate 

the underlying mechanisms of dietary fish oil 

replacement with palm oil on fatty acid metabolism, 

lipogenic enzyme activities as well as lipid 

metabolism related gene expression. Fatty acid 

composition of the liver and muscle were analyzed. 

Also enzyme activities of Fatty acid synthesase 

(FAS), Acetyl-CoA Carboxylase (ACC), Steroyl-CoA 

desaturase 1 (SCD1), ATP Citrate Lyase (ACYL), 

Glycerol-3-phosphate acyltransferase (GPAT), 

Carnitine Palmitoyltransferase I were examined in the 

liver. Finally, mRNA expression of SCD1, ACC, 

FAS, ACYL, CPTI a and CPTI b as well as GPAT 

were studied. 

 

Materials and Methods 
 

Feed and Feeding Trial 

 

Five isonitrogenous (33% crude protein) and 

isolipidic diets (10%) were prepared for the eight 

weeks feeding trial. The variation was made to have 

effects on fish oil and palm oil as shown in Table 1. 

Fish meal, soybean meal and rapeseed meal were used 

as the protein sources, while palm oil and fish oil 

were used as the sources of lipid. All dry ingredients 

(defatted fish meal, soybean meal, rapeseed meal, 

wheat meal, mineral mix and vitamin mix) were 

mixed using the progressive enlargement method. The 

experimental diets were prepared by mixing the dry 

ingredients with palm oil, fish oil and distilled water 

in a Hobart mixer, and the resulting moist dough 

pelleted using a meat mincer through a 1-mm die. The 

1-mm diameter pelleted diets were wet extruded, air 

dried, broken up and sieved into proper pellet size. All 

experimental diets were stored at -20 C until time of 

feeding. The fatty acid composition of the test diets 

are given in Table 2. 

 

Experimental Procedures 

 

Nile tilapia fingerlings (6.72±0.14, initial 

weight) were obtained from Tilapia Germplasm 

Station of Shanghai Ocean University, China. Prior to 

the start of the experiment, fish were transported to 

aquarium facilities at Shanghai Ocean University and 

acclimated for two weeks. Fish were fed commercial 

diets obtained from Shanghai Jin Yuan Trade 

containing 30% crude protein twice daily to apparent 

satiation. Fish were starved for 24 hours before the 

feeding trial, weighed, and randomly distributed into 

15 rectangular fiber glass tanks (150× 60× 40 cm) at 

40 fish per tank with water maintained at 210 litres. 

Dissolved oxygen (DO) concentration, pH and water 

temperature were monitored on daily basis using YSI 

556 instrument (YSI, Yellow Springs, Ohio). 

Ammonia-N and Nitrite-N were analyzed 

spectrophotometrically on a weekly basis following 

standard methods (APHA, 1998). Each diet was 

randomly offered to a tank and its replicates to sum 

up to 15 experimental tanks. During experimental 

period of eight weeks, fish were offered the 

experimental diets to apparent satiation twice daily at 
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08:00 and 16:00. 

 

Sample Collection  

 

Fish were starved 24 hours prior to harvest after 

completion of the trial period. Seventy-five (five per 

tank) fish at the end of the trial were randomly 

sampled, euthanized with an overdose of tricaine 

methane sulfonate (MS-222 at 200mg/L in culture 

water), liver and muscle samples taken, pooled and 

Table 1. Formulation and proximate composition of experimental diets (g/100 g in dry matter) 

 
 Dietary PO replacement level (%) 

Ingredient PO 0 PO 25 PO50 PO75 PO100 

Fish meal* 6.00 6.00 6.00 6.00 6.00 

Soybean meal* 30.00 30.00 30.00 30.00 30.00 

Wheat meal* 22.50 22.50 22.50 22.50 25.50 

Rapeseed meal* 30.00 30.00 30.00 30.00 30.00 

Fish oil* 6.00 4.50 3.00 1.50 0.00 

Palm oil* 0.00 1.50 3.00 4.50 6.00 

Soybean phospholipid* 2.50 2.50 2.50 2.50 2.50 

Mineral mix** 0.55 0.55 0.55 0.55 0.55 

Vitamin mix*** 0.40 0.40 0.40 0.40 0.40 

Ca(H2PO4) 1.50 1.50 1.50 1.50 1.50 

Choline chloride 0.50 0.50 0.50 0.50 0.50 

Inositol 0.05 0.05 0.05 0.05 0.05 

Total 100 100 100 100 100 

Proximate composition (%) 

Moisture 10.30 10.53 10.82 10.70 10.50 

Protein 33.18 33.15 33.09 33.23 33.17 

Lipid 9.82 9.81 9.87 9.88 9.85 

Ash  5.25 5.60 5.53 5.40 5.50 
*Fish meal, Soybean meal, Wheat meal, Soybean phospholipase, Palm oil, Vitamin premix, Mineral mix and Ca (H2PO4) were supplied by 
Nonghao Feed Company (Shanghai, China). 

**Mineral mix (mg kg-1 dry diet): Cu (CuSO4), 2.0; Zn (ZnSO4), 34.4; Mn (MnSO4), 6.2; Fe (FeSO4), 21.1; I (Ca (IO3)2), 1.63; Se (Na2SeO3), 

0.18; Co (CoCl2), 0.24; Mg (MgSO4.H2O), 52.7. 
*** Vitamin premix (IU or mg kg-1 diet ): vitamin A, 16000 IU; vitamin D, 8000 IU; vitamin K, 14.72; thiamin, 17.8; riboflavin, 48; 

pyridoxine, 29.52; cynocobalamine, 0.24, tocopherols acetate, 160; ascorbic acid (35%), 800; niacinamide, 79.2; calcium-D- 

pantothenate,73.6; folic acid, 6.4; biotin, 0.64; inositol, 320; choline chloride, 1500; L-carnitine, 100. 

 

 

 

Table 2. Main fatty acid composition (% of total fatty acids) of experimental diets 

 

FATTY ACID(S) Dietary PO replacement level (%) 

 PO 0 PO 25 PO 50 PO 75 PO 100 

12:0 0.15±0.00 0.14±0.01 0.12±0.00 0.12±0.01 0.11±0.00 

14:0 5.54±0.21 4.52±0.04 3.20±0.05 2.25±0.09 1.27±0.1 

16:0 23.88±0.49 25.90±0.08 27.00±0.39 28.06±0.37 29.19±0.27 

18:0 5.31±0.04 5.76±0.06 5.43±0.12 5.30±0.13 5.15±0.05 

Total SFA’s 34.88±0.46 36.32±0.83 35.75±0.19 35.73±0.33 35.72±0.72 

16:1(n-7) 6.02±0.34 5.23±0.59 3.15±0.04 2.06±0.15 0.89±0.01 

18:1(n-9) 23.56±0.68 25.42±0.09 28.40±0.16 31.16±0.20 33.77±0.16 

TOTAL MUFAs 29.58±0.85 30.65±0.47 31.55±0.77 33.22±0.43 34.66±0.32 

18:2(n-6) 20.65±0.77 21.57±0.05 23.07±0.22 23.62±0.32 24.33±0.03 

20:4(n-6)ARA 0.56±0.05 0.47±0.03 0.41±0.00 0.25±0.05 0.20±0.02 

Total n-6 21.21±0.22 22.04±0.89 23.48±0.33 23.87±0.18 24.53±0.62 

18:3(n-3) 5.52±0.23 3.96±0.15 3.98±0.04 3.79±0.09 3.63±0.03 

18:4(n-3) 0.32±0.01 0.33±0.00 0.32±0.01 0.30±0.00 0.29±0.01 

20:5(n-3)EPA 4.25±0.14 3.19±0.01 2.20±0.06 1.41±0.04 0.62±0.00 

22:6(n-3)DHA 5.66±0.35 4.15±0.04 2.85±0.16 1.69±0.02 0.58±0.02 

Total n-3 15.75±0.19 11.63±0.57 9.35±0.04 7.19±0.39 5.12±0.31 

DHA/EPA 1.33±0.05 1.30±0.21 1.29±0.33 1.19±0.43 0.93±0.05 

Total PUFAs 34.96±0.18 33.67±0.34 32.83±0.18 31.06±0.09 29.65±0.14 

Total SFA/total 

PUFA 

0.87 1.07 1.08 1.15 1.20 

n-3:n-6 0.74 0.52 0.39 0.30 0.20 

ARA= Arachidonic acid; EPA= Eicosapentanoic acid; DHA= Decosahexanoic acid; SFA= saturated fatty acids; MUFA= 

mono unsaturated fatty acid; PUFA= polyunsaturated fatty acid. 
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stored at -80°C for subsequent determination of fatty 

acid composition, lipogenic enzyme activity and 

mRNA expression. 

 

Fatty Acid Composition of Feed, Liver and Muscle 

  

Before the assay was performed, tissues (liver 

and muscle) and feed were grinded to powder 

individually. (1) Total lipid (TL) was extracted from 

freeze – dried samples with chloroform–methanol 

(2:1, V/V), according to the method of (Folch et al., 

1957). (2) Fatty acid methyl esters (FAME) were 

prepared by transesterification with 0.4 M KOH-

methanol, and then detected by gas chromatograph 

(GC-7890A, USA) using methyl heneicosanoate 

(C21:0) as the internal standard. (3) Fatty acid content 

was determined using the normalization method. All 

measurements were performed in triplicates and the 

fatty acids content expressed as % total FA. 

 

Lipogenic Enzyme Activities 

 

Enzyme activities of Fas, Acc, Acyl, CPTI, Gpat 

and Scd1 were measured using enzyme linked 

immunosorbent assay (ELISA). A total of 0.5-1.0 g of 

liver were homogenized using a ground glass 

homogenizer on ice. The homogenates were 

centrifuged (20,000 rpm, 50 mins at 4 C), and the 

clear phase between the top layer and the pellets used 

for the analysis. Samples were analyzed in a 96-well 

plates by ELISA (Shanghai MLBIO Biotechnology 

Co. Ltd, China). Optical Density (OD) was measured 

in an ELISA microplate reader (Bio Tek Synergy, 

USA) at 450nm. A standard curve was generated 

according to the manufacturer’s instruction, and the 

standard diversity calculated with Excel 2003. 

Enzyme activity units (IU), defined as moles of 

substrate converted to product per minute at assay 

temperature, were expressed per mg of hepatic 

soluble protein specific activity or per gram of liver 

tissue wet weight. 

 

RNA Extraction and Real-Time Quantitative 

Polymerase Chain Reaction (RT-Qpcr) 

 

Expression analysis of FAS, ACC, SCD 1, 

ACYL, CPTIa and CPTIb was performed using real-

time PCR with beta-actin as house-keeping gene (Oku 

et al. 2006). Total RNA was isolated from the 

samples using Trizol Reagent (Invitrogen). RNA 

concentration was determined by conventional 

agarose electrophoresis and through absorbance 

measurements (ratio 260/280 ≥2). The genomic DNA 

contaminating the RNA samples was digested by 

RNase-free DNase I (TaKaRa) incubation for 15 min 

at 37 C. Next, 2ug of RNA was transcribed into 

cDNA using M-MLV reverse transcriptase. All cDNA 

samples were stored at –20C until analysis. 

Real-time PCR was conducted on a Mini Option 

Real-time PCR machine (Bio-Rad). The 20-µl 

reaction contained 1-µl cDNA sample, 10 µl SYBR 

green I Master Mix (TaKaRa), 0.5µl of each primer 

and 8 µlH2O. PCR amplification was performed in 

triplicate wells using the following protocol: 3 min at 

95C, 45 cycles consisting of 10s at 95 C, 15s at 63 C 

and 25 s at 72C. A melting curve analysis was 

performed to confirm that a single PCR product had 

been amplified. Approximately, there was an equal 

amplification efficiency for all genes ranging between 

95.1% and 99.3%. β-actin gene was used as the 

reference to quantify the target genes relatively. In 

order to quantify the transcripts of lipid metabolism 

related genes, the normalized gene expression of the 

group fed the control diet (0% PO) was set to 1. The 

expression of the target genes were expressed relating 

them to the control group. At the end of the reaction, 

the fluorescent data were converted into Ct values. 

Each transcript level was normalized to b-actin using 

the 2 -DDCT Method (Livak and Schmittgen, 2001). 

 

Statistical Analysis 

 

All data were analyzed by one-way analysis of 

variance and Turkey’s multiple test to compare 

treatment means. Differences were considered 

significant at 0.05 probability level for all data. All 

analysis was performed using the GraphPad Prism 

V.5.03 and results presented as mean ± standard error 

of the mean (SEM). 

 

Results 
 

Fatty Acid Compositions in Liver and Muscle 

 

The fatty acid composition of liver and muscle 

following 56 days of feeding experimental diets are 

presented in tables 4 and 5, respectively. Replacing 

FO with PO had significant influence on the fatty acid 

composition of the liver and muscle. Whereas total 

SFA, total MUFA and 18:2n-6 (LA) increased 

significantly (P<0.05) along increasing dietary PO 

inclusion, EPA, DHA, total n-3, total PUFA, n-3: n-6 

and 20:2n-6 decreased significantly (P<0.05). In 

addition, there were no significant differences 

(P≥0.05) among groups in the liver with respect to 

18:3n-3 (LNA) and 20:4n-6 (ARA). 

The fatty acids reported in the muscle were 

similar to that of the liver as well as the feed. Dietary 

PO inclusion resulted in an increasing total SFA and 

total MUFA. Also, EPA, DHA, total n-3, total PUFA, 

n-3: n-6 and 20:2n-6 increased as PO levels increased. 

Contrary to the liver, 18:3n-3 (LNA) and 20:4n-6 

(ARA) were significantly different (P<0.05) among 

treatments. 

 

Lipogenic Enzyme Activities 

 

The results of lipogenic enzyme activities in 

liver were presented in Table 6. The inclusion of 
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dietary PO increased activities of SCD 1, FAS, ACYL 

and ACC. Fish fed PO 100 diet recorded the highest 

SCD 1 and ACYL activities and were significantly 

different from those fed PO 0 diet. Also fed diets PO 

100 recorded the highest FAS and was significantly 

higher than those fed diets PO 0 and PO 25. GPAT 

activity was however not affected significantly by the 

inclusion of dietary PO but increased along increasing 

dietary PO inclusion levels． 

 

Gene Expression Profiles 

 

The mRNA expression levels of cptIa, cptIb, 

acyl, acc, scd1, fas and gpat are shown in Figure 1 

(A-G). CPT1a and b were down regulated by the 

addition of PO to the experimental diets. Fish fed 

diets with 0% PO recorded the highest mRNA 

expression in both CPT1a and b and were 

significantly higher than all other groups (P＜0.05). 

On the other hand, Acyl, ACC, SCD1 and FAS were 

up regulated by the addition of PO. Fish subjected to 

diets with 75% and 100% PO recorded the highest 

FAS mRNA expression and were significantly higher 

than all other groups. SCD1 mRNA expression of fish 

fed 100% PO were significantly higher than those fed 

0%, 25%, 50% and 75% PO. Also there was statistical 

Table 3. Primer sequences, annealing temperatures (Tm) used for real-time quantitative PCR (qRT-PCR) 

 
Targeted 

genes 

Forward primer (5′ to 3′) Reverse primer (5′ to 3′) Tm 

(°C) 

GenBank 

accession no 

FAS TTTGAGATGTGCTCACAGCTGCAGA TCTGCAGCTGTGAGCACATCTCAAA 62 GU433188.1 

ACC ATTAAACACTAAAGAAGAAGAGCTT AAGCTCTTCTTCTTTAGTGTTTAAT 59 XM_003442879.3 

SCD1 GACATTTTTGCCTTTTTAGA TCCTAATTAATAAGAGTATA 59 AJ55697 

ACYL GCACTGTTCAGATGGTTTATGTTTATGACCT AGGTCATAAACCATCTGAACAGTGC 60 XM_005470605.2 

CPTIa GTACGTCTGTTCGCTCCTGCACCAA TTGGTGCAGGAGCGAACAGACGTAC 62 DQ011056.1 

CPTIb AAGCCACTTCAAGGCATAGGAATC GATTCCTATGCCCTTGAAGTGGCTT 62 NM_001171855.1 

β-Actin ATCGTGGGGCGCCCCAGGCATCAGG CCTGATGCCTGGGGCCCACGAT 59 EU887951.1 

FAS: Fatty acid synthesase  

ACC: Acetyl-CoA Carboxylase 

SCD1: Steroyl-CoA desaturase 1   
ACYL: ATP Citrate Lyase  

CPTIa: Carnitine Palmitoyltransferase Ia  

CPT Ib: Carnitine Plmitoyltransferase Ib  
GPAT: Glycerol-3-phosphate acyltransferase 

β-Actin: Beta actin 

 
 

 

Table 4. Fatty acid composition (% of total fatty acids) and lipids in the liver of Oreochromis niloticus juvenile fed diets with 

different levels of palm oil (PO) for 8 weeks 

 

FATTY ACID(S) Dietary PO replacement level (%) 

 PO 0 PO 25 PO 50 PO 75 PO 100 

Liver lipid  7.48±0.86 7.63±0.43 8.46±0.59 8.61±0.78 9.06±0.41 

12:0 0.12±0.00b 0.10±0.00ab 0.09±0.00ab 0.11±0.01ab 0.08±0.00a 

14:0 6.25±0.02d 3.86±0.15c 2.60±0.07ab 2.98±0.30b 2.16±0.02a 

16:0 23.88±0.49a 27.90±0.08b 29.01±0.39c 30.06±0.37d 31.19±0.27e 

18:0 6.85±0.04 6.76±0.06 6.43±0.12 6.30±0.13 6.15±0.05 

20:0 0.15±0.01 0.14±0.00 0.12±0.00 0.12±0.01 0.10±0.01 

ΣSFA’s 37.18±0.46a 37.76±0.83b 38.25±0.19c 39.57±0.33d 39.70±0.72e 

16:1(n-7) 7.03±0.03 6.49±0.15 6.28±0.01 6.89±1.71 6.39±0.05 

16:1(n-9) 0.8±0.00 0.57±0.01 0.66±0.01 0.95±0.31 0.85±0.00 

18:1(n-7) 6.75±0.0 6.06±0.15 6.09±0.01 6.15±1.65 6.17±0.05 

18:1(n-9) 24.41±0.16a 26.68±0.31b 29.08±0.27cd 28.41±0.60c 30.12±0.04d 

Σ MUFAs 38.98±0.85a 39.79±0.47b 42.14±0.77c 42.42±0.43d 43.55±0.32e 

16:3(n-3) 0.87±0.00d 0.65±0.01c 0.47±0.00b 0.50±0.03b 0.33±0.00a 

18:3(n-3) LNA 0.91±0.02 0.98±0.01 0.96±0.15 1.00±±0.49 1.15±0.00 

20:4(n-3) 0.96±0.01b 0.77±0.15b 0.91±0.01b 0.38±0.00a 0.29±0.01a 

20:5(n-3) EPA 1.06±0.02b 0.58±0.15ab 0.20±0.03a 0.27±0.03a 0.13±0.00a 

22:6(n-3) DHA 6.35±0.18c 5.85±0.31c 4.33±0.09b 1.47±0.19a 0.85±0.02a 

Σ n-3 10.16±0.22e 8.81±0.89d 6.88±0.33c 3.65±0.18b 2.77±0.62a 

18:2(n-6) LA 9.64±0.00a 10.60±0.14b 12.04±0.39b 14.13±0.17c 14.56±0.67c 

20:2(n-6) 1.49±0.01c 1.36±0.01bc 1.21±0.01b 0.38±0.00a 0.29±0.01a 

20:4(n-6)ARA 0.98±0.02 0.68±0.03 0.72±0.01 1.00±0.21 0.87±0.01 

Σ n-6 13.10±0.02ab 12.66±0.21a 13.98±0.36abc 15.52±0.13bc 15.73±0.68c 

Total PUFAs 23.27±0.20c 21.48±0.46bc 20.86±0.43b 19.17±0.43ab 18.50±0.70a 

ΣSFA/Σ PUFA 1.59±0.41a 1.76±0.08b 1.83±0.04c 2.06±0.31d 2.15±0.05e 

n-3:n-6 0.77±0.04c 0.69±0.02c 0.49±0.01b 0.24±0.01a 0.18±0.00a 
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difference in Acyl mRNA expression among groups 

with fish fed higher levels of PO (50%, 75% and 

100% PO) being significantly higher than those fed 

0% and 25% PO. Finally, fish fed 100% PO had ACC 

mRNA levels significantly higher than those fed diets 

with 0% and 25% PO. Gpat mRNA levels were not 

significantly influenced by dietary PO inclusion 

although fish fed 75% PO had the highest expression 

level. 

 

Discussion 

 

The results of this study revealed that the liver 

and muscle FA profile of O. niloticus generally 

reflected the dietary FA composition and is in 

agreement with other studies (Li et al., 2015a; Li et 

al., 2016).  

This study recorded a significant (P<0.05) 

decrease in n-3/n-6 ratio in both liver and muscle. The 

n-3/n-6 ratio reduced from 0.77 and 0.58 in the liver 

and muscle in fish fed 100% FO to 0.18 and 0.36, 

respectively. This shows that omega 3 fatty acid had 

been spared by mono saturated fatty acid and to a 

lesser extent by saturated fatty acids (González-Félix 

et al., 2016). This could be attributed to the increase 

in 18:2n-6 content (Bransden et al., 2003) coupled 

Table 5. Fatty acid composition (% of total fatty acids) in the muscle of Oreochromis niloticus juvenile fed diets with 

different levels of palm oil (PO) for 8 weeks 

 

FATTY ACID(S) Dietary PO replacement level (%) 

 PO 0 PO 25 PO 50 PO 75 PO 100 

Liver lipid 9.48±0.12 9.82±0.38 9.54±0.05 9.89±0.74 9.15±0.08 

12:0 0.14±0.01b 0.11±0.00ab 0.10±0.00ab 0.10±0.00ab 0.09±0.00a 

14:0 4.80±0.07d 4.63±0.04cd 4.08±0.22bc 3.95±0.09b 2.53±0.05a 

16:0 23.42±0.09a 25.06±0.27b 29.66±0.18c 30.52±0.27c 32.30±0.19d 

18:0 6.60±0.16 5.56±0.32 5.99±0.52 5.90±0.05 5.71±0.03 

20:0 0.26±0.01b 0.23±0.01b 0.20±0.01b 0.19±0.02b 0.10±0.00a 

ΣSFA’s 35.23±0.13a 35.60±0.34a 40.06±0.34b 40.68±0.35b 40.75±0.19b 

16:1(n-7) 7.95±0.07b 7.88±0.12b 6.13±0.75ab 6.23±0.32a 4.52±0.02a 

16:1(n-9) 0.50±0.00a 0.47±0.02a 0.66±0.07ab 0.92±0.07c 0.80±0.00bc 

18:1(n-7) 6.45±0.12 6.23±0.03 6.19±0.07 6.18±0.07 6.06±0.17 

18:1(n-9) 28.92±0.25a 28.69±0.08ab 30.63±0.24bc 31.68±0.60cd 32.80±0.32d 

Σ MUFAs 43.84±0.12 43.29±0.05 43.62±0.89 45.02±0.25 44.18±0.40 

16:3(n-3) 077±0.01c 0.65±0.07bc 0.55±0.01b 0.52±0.03b 0.32±0.03a 

18:3(n-3) LNA 0.50±0.04a 0.81±0.00ab 1.06±0.11bc 1.22±±0.03c 1.16±0.09c 

20:4(n-3) 0.54±0.01ab 0.52±0.03a 0.58±0.02ab 0.58±0.02ab 0.65±0.02b 

20:5(n-3) EPA 0.97±0.03c 0.84±0.07bc 0.77±0.10abc 0.56±0.05ab 0.47±0.02a 

22:6(n-3) DHA 4.80±0.07c 4.32±0.03c 4.09±0.26c 2.46±0.18b 1.57±0.06a 

Σ n-3 7.59±0.03c 7.17±0.13c 7.06±0.36c 5.37±0.08b 4.18±0.07a 

18:2(n-6) LA 10.59±0.43ab 12.48±0.61b 10.36±0.19a 10.30±0.21a 10.99±0.43ab 

20:2(n-6) 1.62±0.13d 1.2±0.07c 0.68±0.01b 0.50±0.04ab 0.26±0.00a 

20:4(n-6)ARA 0.84±0.02c 0.71±0.06b 0.57±0.10ab 0.44±0.01a 0.35±0.01a 

Σ n-6 13.04±0.38b 14.46±0.70c 11.62±0.15ab 11.25±0.24ab 11.61±0.43a 

Total PUFAs 20.63±0.38cd 21.63±0.58d 18.69±0.43bc 16.62±0.50ab 15.80±0.50a 

ΣSFA/Σ PUFA 1.70±0.03a 1.64±0.05a 2.14±0.04b 2.45±0.05c 2.58±0.08c 

n-3:n-6 0.58±0.01cd 0.49±0.03bc 0.60±0.02d 0.47±0.01b 0.36±0.00a 

 

 

 

Table 6. Hepatic metabolic enzyme activities of Oreochromis niloticus juvenile fed diets with different levels of palm oil 

(PO) for 8 weeks 

 

Lipogenic 

enzyme(U/L) 

Dietary palm oil inclusion level (%)  

 PO 0 PO 25 PO 50 PO 75 PO 100 P-value 

SCD 1 39.62±3.61a 57.57±8.41ab 74.52±17.69ab 91.13±10.57bc 105.9±11.90bc 0.0031 

FAS  219.7±24.08a 214±28.39a 227.9±34.47ab 249.5±29.92ab 356.8±31.36b 0.0131 

ACYL  72.09±4.06a 97.46±19.78ab 113.40±10.55ab 123.30±3.91b 143.10±12.81b 0.0036 

ACC 37.59±1.51a 55.47±9.65ab 72.31±10.45b 73.51±8.50b 61.60±7.40ab 0.0285 

GPAT 127.3±27.63 137.3±25.50 147.4±21.12 180.8±19.55 198.4±18.88 0.1680 

CPTI 228.60±12.17a 243.50±7.62ab 234.0.1±21.68a 264.81±22.88ab 298.20± 7.62b 0.0174 
Scd 1: Stearoyl-CoA desaturate 1 (delta-9 desaturate) 
Fas: Fatty acid synthesase 

Acyl: ATP citrate lyase 

Acc: Acetyl-CoA carboxylase   

Gpat: Glycerol-3-phosphate acyltransferase 
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with decreased levels of long-chain n-3 PUFA in 

vegetable oils (Mateos et al., 2012). Other studies had 

previously documented this phenomenon in Atlantic 

salmon (Grisdale-Helland et al., 2002), murray cord 

(Turchini et al., 2011) and short fin corvina 

(González-Félix et al., 2016). The concentration of 

SFA in both liver and muscle was generally higher 

than the concentration in the feed of all groups; this is 

an indication that these fatty acids were not mainly 

catabolized for energy purposes.  

The n-3LC-PUFAs such as EPA and DHA of 

fish fed vegetable oils are usually lower compared to 

those fed fish diets with fish oil (Taşbozan et al., 

2015). EPA, DHA as well as ARA reduced as palm 

oil levels increased in diets in both muscle and liver. 

This is in agreement to previous studies in African 

catfish (Ng et al., 2003) and hybrid tilapia (Han et al., 

2013). DHA in the liver (6.35-0.85) were relatively 

       
                           A                                                B                                                        C 

       
                            D                                                 E                                                       F 

 
                                                                                       G 
Figure 1. Real time PCR gene expression profiles of A) carnitine palmitoyltransferase Ia (CPT Ia), B) carnitine 

palmitoyltransferase Ib (CPT Ib), C) ATP citrate lyase (Acyl), D) acetyl-CoA carboxylase (ACC), E) Steroyl-CoA 

desaturase 1 (SCD1), F) fatty acid synthesase (FAS) and G) Glycerol-3-phosphate acyltransferase in liver f O. niloticus 

juvenile fed diets with different levels of palm oil (PO) for 8 weeks. Values are expressed relative to β-actin and are 

presented as means ± S.E.M. 
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higher than that of the feed (5.66-0.58) indicating 

there was a selective retention of the DHA 

(Mozanzadeh et al., 2016). This also indicates that 

when O. niloticus are fed diets with increasing PO 

levels, their ability to synthesize EPA and DHA from 

short-chain n-3 fatty acids such as ALA is reduced 

(Han et al., 2013). Comparatively, LA (18:2n-6) 

values in the liver and muscle were smaller compared 

that of the feed indicating that LA was used to the 

meet energy demands of the fish (Li et al., 2016).  

Inclusion of dietary PO resulted in a significant 

decrease of n-3 PUFA in both liver and muscle (from 

10.16 to 2.77 and 7.59 to 4.18 respectively), and is in 

agreement with other studies (Mourente and Bell, 

2006; Gao et al., 2012). Contrary to this study, 

Visentainer et al. (2005) observed a significant 

increase in n-3 fatty acids in adult Nile tilapia fed 

diets with increasing levels of flaxseed oil. Also, 

Kanari et al. (2010) recorded a higher n-3 PUFA in 

fish fed FO diets than in those fed on blends of 

vegetable diets. These differences in results could be 

attributed to factors such as differences in species and 

size, nutritional status of the fish at stocking as well as 

feeding duration (Li et al., 2013). 

Oleic acid (C18:1n-9) in both liver and muscle 

showed a trend of increasing values with increasing 

PO inclusion levels. This suggests that feeding O. 

niloticus with diets containing PO could increase 

active biosynthesis (liponeogenesis) (Eroldoğan et al., 

2012).  

The activities and gene expressions of lipid 

metabolism-related enzymes are known to be 

influenced by dietary lipids (Yilmaz et al., 2004; 

Geay et al., 2011).  

This study recorded significant increase in SCD 

1 enzymes as dietary PO increased in diets. This is in 

agreement with previous study when diets with 

elevated proportion of SFAs resulted in increased 

SCD activity in carp (Polley et al., 2003). This might 

have caused the increase in hepatic liver lipids as 

dietary PO increased in diets. The upregulation of 

SCD 1 in fish fed higher dietary PO does not inhibit 

lipid synthesis in the liver of O. niloticus when PO is 

used in place of FO.  

There was an increase in liver FAS activity 

(Table 6) as dietary PUFA increased. This is because 

dietary fatty acids, especially PUFAs 

(polyunsaturated fatty acids), inhibit the activity of 

FAS (Leng et al., 2012). This is in agreement with 

previous study which reported that PUFA strongly 

inhibited FAS enzyme activity in rats (Kim et al., 

2004).  

CPT1 enzyme activity correlated negatively with 

dietary C18 PUFA (specifically 18:3n-3). This is an 

indication that reducing dietary content of C18 as a 

result of increasing dietary PO levels could lead the 

storage of LC-PUFA rather than β-oxidation. There 

was also a negative correlation between liver 20:4n-3 

and Cpt1 enzyme activity also indicating 

accumulation of 20:4n-3, an intermediate product 

rather than β-oxidation. 

GPAT is involved in the first steps of glycerol-3-

phosphate pathways (Castro et al. 2016). It is also 

known to be a competitor with CPT1 for acyl-CoAs at 

the outer mitochondrial membrane of tissues. There 

was no significant difference among groups in both 

the enzyme activity and mRNA expression. This non 

significant difference in the expression levels coupled 

with increase in CPT1 as palm oil levels increase in 

diets indicates that CPT1 plays a vital role in fatty 

acid synthesis compared to GPAT. We therefore 

assume that GPAT did not play any significant role in 

lipid synthesis in the liver. Similar to this study, there 

was no significant difference in GPAT mRNA 

expression in the liver of gilthead sea bream fed diets 

fish oil or a blend of vegetable by Castro et al. (2016).  

The mRNA expression of ACC and FAS are 

regulated coordinately (Toussant et al., 1981). The 

regulation of fatty acid synthesis is maintained by 

(ACCa) whiles its counterpart (ACCb) regulates fatty 

acid oxidation (Lopaschuk et al., 1994). This 

mechanism was confirmed by the upregulation of 

both FAS and ACC mRNA expression in the liver. 

This is however contrary to the study of Dong et al. 

(2014) in grass carp where the mRNA expression of 

FAS and ACC was not regulated coordinately in the 

liver and muscle. Fish fed higher levels of PO had 

higher levels of FAS mRNA expression and was 

consistent with the lipid levels in the liver. This could 

suggest that the expression of FAS may have been 

regulated by the nutritional levels of the fish. The 

higher expression of mRNA of FAS coincided with 

the higher hepatic lipid deposition in 100% PO and 

could be attributed in the lower fatty acid oxidation in 

higher PO levels. This is in agreement to previous 

studies by Morais et al. (2011), Morais et al. (2012) in 

Atlantic salmon and Peng et al. (2014) in juvenile 

turbot.  

There was a reduction in the CPT1a and CPT1b 

mRNA expression as PO inclusion levels increased in 

the diet. This could be as a result of the reduction in 

the n-3 LC-PUFA as PO increased. PUFA are known 

to act on the CPT 1 activity through the changes in the 

mitochondrial membrane composition (Jackson et al., 

2000). This change in the composition of the 

mitochondrial membrane composition may have 

caused the same changes in the CPT1a and CPT1b 

sensitivity in the liver. This study is in agreement to 

an earlier report by Morash et al. (2009) which 

documented higher mRNA expression of CPT1 in 

liver, adipose tissue as well as red muscle when 

rainbow trout were fed diets containing higher levels 

of PUFA as compared to the control diet. Also, this 

study agrees to that of Lu et al. (2014) which reported 

a significant alteration in the hepatic mitochondrial 

membrane FA composition and CPT1 kinetics and the 

down regulation of hepatic CPT1 when blunt snout 

were fed high levels of n-3LC-PUFA. Peng et al. 

(2014) reported that lower expression of CPT1 has the 

ability to lower non-esterified FA delivery leading to 
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the down-regulation of b-oxidation and finally 

resulting in higher hepatic lipid deposition. This study 

supports this assertion owing to the down-regulation 

of CPT1a and CPT1 b coupled with the increasing 

hepatic lipid deposition as PO levels increased. This 

could also be because dietary n-3 LC-PUFA can 

increase mitochondrial fatty acid oxidation hence 

stimulating CPT1 activity (Madsen et al., 1999). 

The activities of SCD primarily regulate the 

fatty acid composition in membrane lipids (Murata 

and Wada, 1995). Also, different individual fatty 

acids influence the regulation of SCD gene expression 

in tissues. There was an increase in mRNA expression 

of SCD1 in the liver when PO levels were elevated in 

the diets. This same observation was made by Hsieh 

et al. (2007) when tilapia were fed diets with different 

dietary lipid sources. This is probably due to the 

higher SFAs coupled with lower PUFAs which have 

been reported to upregulate SCD expression in tilapia 

(Hsieh et al., 2007). 

 

Conclusion 
 

We investigated the liver and muscle tissue FA 

composition, liver lipogenic enzyme activities and 

hepatic gene expression response of Nile tilapia fed 

diets with varying levels of dietary palm oil. To our 

knowledge, this is the first report on lipogenic enzyme 

activities as well as mRNA expression of lipid 

metabolism related genes in Nile tilapia fed diets with 

different levels of PO. Fatty acids recorded in both 

liver and muscle to a larger extent mirrored the 

dietary fatty acids. Replacing FO with PO 

significantly influenced the enzymatic activities 

(SCD1, FAS, ACYL, ACC and CPTI). PO induced 

these enzymatic activities with fish fed 75% PO and 

100% PO recording higher enzymatic activities in all 

cases. The results suggest that fas, scd1, acc, acyl and 

cpt1 could play vital roles in the metabolism of fatty 

acids in Nile tilapia when FO in diets are replaced or 

supplemented with PO. Replacing FO with PO up 

regulated the expression of fas, scd1, acc and acyl 

mRNA expression whiles the expression of cpt1a and 

cpt1b were down regulated. Further studies are 

however required to fully understand the molecular 

mechanism as well as clarifying the roles these 

enzymes play in the metabolism and synthesis of fatty 

acids/lipids. 

 

Acknowledgement 
 

This work was financially supported by the 

China Agriculture Research System (CARS-49) and 

Shanghai Collaborate Innovation Center for Aquatic 

Animal Genetics and Breeding (ZF1206) to J L Zhao. 

 

References 
 

American Public Health Association (APHA). 1998. 

Standard methods for the examination of water and 

wastewater. American Public Health Association, 

Washington, D.C. 

Ardiyanti, T.A., Nanae, T., Eiji, K., Noriaki, S., Yoshihisa, 

O., Keiichi, S., Sang-gun, R. and Kazuo, K.A-A. 

2012. Effects of growth hormone gene polymorphism 

on lipogenic gene expression levels in diaphragm 

tissues of Japanese Black Heifers Astrid. J. Anim. Sci. 

25 (8) : 1055 – 1062. doi: 10.5713/ajas.2012.12029 

Association of Official Analytical Chemist (AOAC). 1996. 

Official methods of analysis, In: Windham W. (Ed.), 

16th Edition. Association of Official Analytical 

Chemists, Gaithersburg, Maryland, USA, 38pp. 

Ayisi, C.L. and Zhao, J-L. 2014. Recent developments in 

the use of palm oil in aquaculture feeds: a review. 

International Journal of Scientific and Technology 

Research, 3(6): 259-264. 

Bransden, M.P., Carter, C.G. and Nichols, P.D. 2003. 

Replacement of fish oil with sunflower oil in feeds for 

Atlantic salmon (Salmo salar L.): effect on growth 

performance, tissue fatty acid composition and disease 

resistance. Comparative Biochemistry and Physiology 

Part B 135: 611–625. doi.org/10.1016/S1096-

4959(03)00143-X 

Castro, C., Corraze, G., Firmino-Diógenes, A., Larroquet, 

L., Panserat S., and Oliva-Teles A. 2016. Regulation 

of glucose and lipid metabolism by dietary 

carbohydrate levels and lipid sources in gilthead sea 

bream juveniles. British Journal of Nutrition, 116: 19–

34. doi: 10.1017/S000711451600163X. 

Chen, Q.-L., Luo, Z., Wu, K., Huang, C., Zhuo, M.-Q., 

Song, Y.-F. and Hu, W. 2015. Differential effects of 

dietary copper deficiency and excess 

on lipid metabolism in yellow catfish Pelteobagrus 

fulvidraco. Comparative Biochemistry and Physiology 

Part B: Biochemistry and Molecular Biology, 184:19-

28. http://dx.doi.org/10.1016/j.cbpb.2015.02.004 

Cheng, H-L., Ji, N-J., Peng, Y-X., Shen, X., Xu, J-H., 

Dong, Z-G. and Wu, C-C. 2011. Molecular 

characterization and tissue-specific expression of the 

acetyl-CoA carboxylase α gene from Grass carp, 

Ctenopharyngodon idella. Gene 487: 46–51. 

http://dx.doi.org/10.1016/j.gene.2011.07.027 

Dong, G-F., Zou, Q., Wang, H., Huang, F., Liu, X-C., Chen, 

L., Yang, C-Y. and Yang, Y-O. 2014. Conjugated 

linoleic acid differentially modulates growth, tissue 

lipid deposition, and gene expression involved in the 

lipid metabolism of grass carp. Aquaculture 432 :181–

191. doi.org/10.1016/j.aquaculture.2014.05.008 

Duan, Q., Mai, K., Shentu, J., Ai, Q., Zhong, H., Jiang, Y., 

Zhang, L., Zhang, C. and Guo, S. 2014. Replacement 

of dietary fish oil with vegetable oils improves the 

growth and flesh quality of large yellow croaker 

(Larmichthys crocea)  J. Ocean Univ. China (Oceanic 

and Coastal Sea Research), 13:445-452. 

Eaton, S. 2002.Control of mitochondrial beta-oxidation 

flux. Progress in Lipid Research 41(3):197-239. 

doi:10.1016/S0163-7827(01)00024-8 

Elliott, W.H. and Elliott, D.C. 2009. Biochemistry and 

Molecular Biology. fourth ed. Oxford University, UK. 

Eroldoğan, O.T., Turchini, G.M., Yilmaz A.H., Tasbozan 

O., Engin K., Olculu A., Ozsahinoglu, I. and 

Mumogullarında, P. 2012. Potential of cottonseed oil 

as fish oil replacer in European sea bass feed 

formulation. Turkish Journal of Fisheries and Aquatic 

Sciences, 12: 787–797. doi: 10.4194/1303–2712 - 

v12-4-07. 

Folch, J., Lees, M. and Sloane-Stanley, G. 1957. A simple 

http://dx.doi.org/10.1016/S1096-4959(03)00143-X
http://dx.doi.org/10.1016/S1096-4959(03)00143-X
http://www.sciencedirect.com/science/article/pii/S1096495915000202
http://www.sciencedirect.com/science/article/pii/S1096495915000202
http://www.sciencedirect.com/science/article/pii/S1096495915000202
http://www.sciencedirect.com/science/article/pii/S1096495915000202
http://dx.doi.org/10.1016/j.cbpb.2015.02.004
http://dx.doi.org/10.1016/j.gene.2011.07.027
http://dx.doi.org/10.1016/j.aquaculture.2014.05.008
http://xueshu.baidu.com/s?wd=author%3A%28Simon%20Eaton%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson


 414 C. L. Avisi and J. L. Zhao  /  Turk. J. Fish. Aquat. Sci. 17: 405-415 (2017)  

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

method for the isolation and purification of total lipids 

from animal tissues. J. Biol. Chem. 226, 497–509. 

Gao, J., Koshio, S., Ishikawa, M., Yokoyama, S., Ren, T., 

Komilus, C.F. and Han, Y. 2012. Effects of dietary 

palm oil supplements with oxidized and non-oxidized 

fish oil on growth performances and fatty acid 

compositions of juvenile Japanese sea bass, 

Lateolabrax japonicus Aquaculture 324–325 : 97–

103.  doi.org/10.1016/j.aquaculture.2011.10.031 

Garaffo, M.A., Vassallo-Agius, R., Nengas, Y., Lembo, E., 

Rando, R., Maisano, R., Dugo, G. and Giuffrida, D., 

2011. Fatty acids profile, atherogenic (IA) and 

thrombogenic (IT) health lipid indices, of raw roe of 

blue fin tuna (Thunnus thynnus L.) and their salted 

product “Bottarga”. Food Nutr. Sci. 2, 736–743. 

doi: 10.4236/fns.2011.27101 

Geay, F., Ferraresso, S., Zambonino-Infante, J.L., 

Bargelloni, L., Quentel, C., Vandeputte, M., Kaushik, 

S., Cahu, C.L. and Mazurais, D. 2011. Effects of the 

total replacement of fish-based diet with plant-based 

diet on the hepatic transcriptome of two European sea 

bass (Dicentrarchus labrax) half-sub families 

showing different growth rates with the plant-based 

diet. BMC Genom 12:522. doi:10.1186/1471-2164-

12-522 

González-Félix, M.L., Maldonado-Othón, C.A. and Perez-

Velazquez, M. 2016. Effect of dietary lipid level and 

replacement of fish oil by soybean oil in compound 

feeds for the shortfin corvina (Cynoscion parvipinnis). 

Aquaculture 454 :217–228. 

doi.org/10.1016/j.aquaculture.2015.12.021 

Grisdale-Helland, B., Ruyter, B., Rosenlund, G., Obach, A., 

Helland, S. J., Sandberg, M. G., Standal, H. and 

Røsjø. C., 2002. Influence of high contents of dietary 

soybean oil on growth, feed utilization, tissue fatty 

acid composition, heart histology and standard oxygen 

consumption of Atlantic salmon (Salmo salar) raised 

at two temperatures. Aquaculture 207:311–329. 

Guler, M. and Yildiz, M. 2011. Effects of dietary fish oil 

replacement by cottonseed oil on growth performance 

and fatty acid composition of rainbow trout 

(Oncorhynchus mykiss). Turk J Vet Anim Sci 

35(3):157–167. doi: 10.3906/vet-1002-252 

Hafezieh, M., Kamarudin, M.S., Bin Saad, C.R., Kamal 

Abd Sattar, M., Agh, N., Valinasab, T., Sharifian, M. 

and Hosseinpour, H. 2010. Effect of enriched Artemia 

urmiana on growth, survival and fatty acid 

composition of the Persian sturgeon larvae. Iranian 

Journal of Fisheries Sciences, 9(1), 61–72. doi: 

10.4194/trjfas.2009.0212 

Han, C.-Y., Zheng, Q.-M. and Feng, L.-N. 2013. Effects of 

total replacement of dietary fish oil on growth 

performance and fatty acid compositions of hybrid 

tilapia (Oreochromis niloticus × O. aureus). Aquacult 

Int, 21:1209–1217. doi:10.1007/s10499-013-9624-y 

Hsieh, S-L., Hu, C-Y., Hsu, Y-T. and Hsieh, T-J. 2007. 

Influence of dietary lipids on the fatty acid 

composition and stearoyl-CoA desaturase expression 

in hybrid tilapia (Oreochromis niloticus× O. aureus) 

under cold shock. Comparative Biochemistry and 

Physiology, Part B 147: 438–444. 

doi.org/10.1016/j.cbpb.2007.02.010 

Huang, Y., Wen, H., Li, S. and Li, W. 2016. Effects of 

Dietary Fish Oil Replacement with palm oil on the 

growth, feed utilization, biochemical composition, 

and antioxidant status of juvenile Chu’s croaker, 

Nibea coibor. Journal of the World Aquaculture 

Society. doi: 10.1111/jwas.12307 

Kazemi E., Agh N. and Malekzadeh Viayeh R. 2016. 

Potential of plant oils as alternative to fish oil for live 

food enrichment: effects on growth, survival, body 

compositions and resistance against environmental 

stresses in rainbow trout, Oncorhynchus mykiss. 

Iranian Journal of Fisheries Sciences 15(1) 1-15   

Kerner, J. and Hoppel, C. 2000. Fatty acid import into 

mitochondria. Biochim. Biophys. Acta. 1486, 1–17. 

Leng, X.J., Wu, X.F., Tian, J., Li, X.Q., Guan, L. and 

Weng, D.C. 2012. Molecular cloning of fatty acid 

synthase from grass carp (Ctenopharyngodon idella) 

and the regulation of its expression by dietary fat 

level. Aquaculture Nutrition 18, 551–558. 

doi: http://dx.doi.org/10.1111/j.1365-

2095.2011.00917.x 

Li, S., Mai, K., Xu, W., Yuan, Y., Zhang, Y., Zhou, H. and 

Ai, Q. 2015. Effects of dietary lipid level on growth, 

fatty acid composition, digestive enzymes and 

expression of some lipid metabolism related genes of 

orange-spotted grouper larvae (Epinephelus coioides 

H.) Aquaculture Research, 47: 2481–2495. 

doi: 10.1111/are.12697. 

Li, X.F., Jian, G.Z., Qian, Y., Xu, W.N. and Liu, W.B. 

2013. Molecular characterization of lipoprotein lipase 

from blunt snout bream Megalobrama amblycephala 

and the regulation of its activity and expression by 

dietary lipid levels. Aquaculture, 416–417, 23–32. 

doi.org/10.1016/j.aquaculture.2013.08.020 

Li, Y., Gao, J. and Huang, S.Q. 2015a. Effects of different 

dietary phospholipid levels on growth performance, 

fatty acid composition, PPAR gene expressions and 

antioxidant responses of blunt snout bream 

Megalobrama amblycephala fingerlings. Fish Physiol 

Biochem. 41, 423–426. doi: 10.1007/s10695-014-

9994-8 

Livak, K.J. and Schmittgen, T.D. 2001. Analysis of relative 

gene expression data analysis using real-time 

quantitative PCR and the 2 (-Delta Delta C(T)) 

method. Methods 25:402-408. 

doi:10.1006/meth.2001.1262 

Lopaschuk, G.D., Witters, L.A., Itoi, T., Barr, R. and Barr, 

A. 1994. Acetyl-CoA carboxylase involvement in the 

rapid maturation of fatty acid oxidation in the new 

born rabbit heart. J. Biol. Chem. 269, 25871–25878. 

Lu, K-L., Xu, W-N., Wang, L-N., Zhang, D-D., Zhang, C-

N. and Liu, W-B., 2014. Hepatic β-oxidation and 

regulation of carnitine palmitoyltransferase (CPT) I in 

blunt snout bream (Megalobrama amblycephala) fed 

a high fat diet. PLoS ONE 9: 93135. doi: 

10.1371/journal.pone.0093135 PMID: 24676148 

Madsen, L., Rustan, A.C., Vaagenes, H., Berge, K., Dyroy, 

E. and Berge, R.K. 1999. Eicosapentaenoic and 

docosahexaenoic acid affect mitochondrial and 

peroxisomal fatty acid oxidation in relation to 

substrate preference. Lipids 34: 951-963. doi: 

10.1007/s11745-999-0445-x 

Mateos, H.T., Lewandowski, P.A. and Su, X.Q. 2012. The 

effect of replacing dietary fish oil with canola oil on 

fatty acid composition and expression of desaturase 

and elongase genes in Jade Tiger hybrid abalone. 

Food Chemistry 131: 1217–1222. 

doi.org/10.1016/j.foodchem.2011.09.107 

Miyazaki, M., Dobrzyn, A., Man, W.C., Chu, K., Sampath, 

H., Kim, H-J. and Ntambi, J.M. 2004. Stearoyl-CoA 

http://dx.doi.org/10.1016/j.aquaculture.2011.10.031
http://dx.doi.org/10.4236/fns.2011.27101
http://dx.doi.org/10.1016/j.aquaculture.2015.12.021
http://dx.doi.org/10.1007/s10499-013-9624-y
http://dx.doi.org/10.1016/j.cbpb.2007.02.010
http://dx.doi.org/10.1111/j.1365-2095.2011.00917.x
http://dx.doi.org/10.1111/j.1365-2095.2011.00917.x
http://dx.doi.org/10.1016/j.aquaculture.2013.08.020
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1016/j.foodchem.2011.09.107


  C. L. Avisi and J. L. Zhao  /  Turk. J. Fish. Aquat. Sci. 17: 405-415 (2017) 415 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

desaturase 1 gene expression is necessary for fructose-

mediated induction of lipogenic gene expression by 

sterol regulatory element-binding protein-1c-

dependent and -independent mechanisms. The Journal 

of Biological Chemistry, 279(24): 25164–25171.  

doi: 10.1074/jbc.M402781200 

Morais, S., Pratoomyot, J., Taggart, J.B., Bron, J.E., Guy, 

D.R., Bell, J.G. and Tocher, D.R. 2011. Genotype-

specific responses in Atlantic salmon (Salmo salar) 

subject to dietary fish oil replacement by vegetable 

oil: a liver transcriptomic analysis. BMC Genomics 

12, 255. doi:10.1186/1471-2164-12-255 

Morais, S., Silva, T., Cordeiro, O., Rodrigues, P., Guy, 

D.R., Bron, J.E., Taggart, J.B., Bell, J.G. and Tocher, 

D.R. 2012. Effects of genotype and dietary fish oil 

replacement with vegetable oil on the intestinal 

transcriptome and proteome of Atlantic salmon 

(Salmo salar). BMC Genomics 13, 448. doi: 

10.1186/1471-2164-13-448. 

Morash, A.J., Bureau, D.P. and McClelland, G.B. 2009. 

Effects of dietary fatty acid composition on the 

regulation of carnitine palmitoyltransferase (CPT) I in 

rainbow trout (Oncorhynchus mykiss). Comparative 

Biochemistry and Physiology, Part B 152: 85–93. 

doi.org/10.1016/j.cbpb.2008.10.005 

Mourente, G. and Bell, J.G. 2006. Partial replacement of 

dietary fish oil with blends of vegetable oils 

(rapeseed, linseed and palm oils) in diets for European 

sea bass (Dicentrarchus labrax L.) over a long term 

growth study: effects on muscle and liver fatty acid 

composition and effectiveness of a fish oil finishing 

diet. Comparative Biochemistry and Physiology 

145B: 389–399. doi.org/10.1016/j.cbpb.2006.08.012 

Mozanzadeh, M.T., Agh, N., Yavari, V., Marammazi, J.G., 

Mohammadian, T. and Gisbert, E. 2016. Partial or 

total replacement of dietary fish oil with alternative 

lipid sources in silvery-black porgy (Sparidentex 

hasta). Aquaculture, 451:232–240. 

doi:10.1016/j.aquaculture.2015.09.022 

Murata, N. and Wada, H., 1995. Acyl-lipid desaturase and 

their importance in the tolerance and acclimation to 

cold of cyanobacteria. Biochem. J. 308, 1–8. 

doi: 10.1042/bj3080001  

Ng, W. K., Chong, C.Y., Wang, Y. and Romano, N., 2013. 

Effects of dietary fish and vegetable oils on the 

growth, tissue fatty acid composition, oxidative 

stability and vitamin E content of red hybrid tilapia 

and efficacy of using fish oil finishing diets. 

Aquaculture 372–375: 97–110. 

doi.org/10.1016/j.aquaculture.2012.10.030 

Ochang, S.N., Fagbenro, O.A. and Adebayo, O.T. 2007a. 

Growth performance, body composition, haematology 

and product quality of the African catfish (Clarias 

gariepinus) fed diets with palm oil. Pakistan Journal 

of Nutrition, 6: 452-459. 

doi:10.3923/pjn.2007.424.429 

Ochang, S.N., Fagbenro, O.A. and Adebayo, O.T. 2007b. 

Influence of dietary palm oil on growth response, 

carcass composition, haematology and organoleptic 

properties of juvenile Nile tilapia, Oreochromis 

niloticus. Pakistan Journal of Nutrition, 6: 424-429. 

doi: 10.3923/pjn.2007.424.429 

Peng, M., Xu, W., Mai, K, Zhou, H., Zhang ,Y., Liufu, Z., 

Zhang, K. and Ai, Q. 2014. Growth performance, 

lipid deposition and hepatic lipid metabolism related 

gene expression in juvenile turbot (Scophthalmus 

maximus L.) fed diets with various fish oil substitution 

levels by soybean oil. Aquaculture 433: 442–449. 

doi.org/10.1016/j.aquaculture.2014.07.005 

Peng, X., Li, F., Lin, S. and Chen, Y. 2015. Effects of total 

replacement of fish oil on growth performance, lipid 

metabolism and antioxidant capacity in tilapia 

(Oreochromis niloticus). Aquacult Int. 

doi:10.1007/s10499-015-9914-7 

Polley, S.D., Tiku, P.E., Trueman, R.T., Caddick, M.X., 

Morozov, I.Y. and Cossins, A.R. 2003. Differential 

expression of cold- and diet-specific genes encoding 

two carp liver Δ9-acyl-CoA desaturase isoforms. Am. 

J. Physiol. 284, R41–R50. 

doi:10.1152/ajpregu.00263.2002 

Sargent, J.R., Tocher, D.R. and Bell, J.G. 2002. The lipids. 

In: Halver, J.E., Hardy, R.W. (Eds.), Fish Nutrition, 

3rd edn Academic Press, San Diego, pp. 181–257. 

Taşbozan, O., Gökçe, M.A., Erbaş, C. and Özcan, F. 2015. 

Dietary canola oil effects on whole body fatty acid 

composition of Nile tilapia, Oreochromis niloticus. 

World Aquaculture, 5: 670-670. 

Toussant, M.J., Wilson, M.D. and Clarke, S.D. 1981. 

Coordinate suppression of liver acetyl-CoA 

carboxylase and fatty acid synthase by 

polyunsaturated fat. J. Nutr. 111: 146–153. 

Turan, H., Sönmez, G. and Kaya, Y. 2007. Fatty acid profile 

and proximate composition of the thornback ray (Raja 

clavata L. 1758) from the Sinop coast in the Black 

Sea. J. Fish. Sci. 1, 97–103. doi: 

10.3153/jfscom.2007012 

Turchini, G.M., Francis, D.S., Senadheera, S.P.S.D., 

Thanuthong, T. and De Silva, S.S. 2011. Fish oil 

replacement with different vegetable oils in Murray 

cod: evidence of an “omega-3 sparing effect” by other 

dietary fatty acids. Aquaculture 315, 250–259. 

doi.org/10.1016/j.aquaculture.2011.02.016 

Visentainer, J. V., de Souza, N. E., Makoto, M., Hayashi, C. 

and Franco. M.R.B. 2005. Influence of diets enriched 

with flaxseed oil on the α-linolenic, eicosapentaenoic 

and docosahexaenoic fatty acid in Nile tilapia 

(Oreochromis niloticus). Food Chemistry, 90:557–

560.doi.org/10.1016/j.foodchem.2004.05.016 

Yilmaz, H.R., Songur, A.O., Zyurt, B., Zararsiz, I. and 

Sarsilmaz, M. 2004. The effects of n-3 

polyunsaturated fatty acids by gavage on some 

metabolic enzymes of rat liver. Prostaglandins. 

Prostaglandins. Leukot Essent Fatty Acids 71:131–

135. doi.org/10.1016/j.plefa.2004.03.002 

 

http://dx.doi.org/10.1016/j.cbpb.2008.10.005
http://dx.doi.org/10.1016/j.cbpb.2006.08.012
http://dx.doi.org/10.1016/j.aquaculture.2015.09.022
http://dx.doi.org/10.1016/j.aquaculture.2012.10.030
http://dx.doi.org/10.3923/pjn.2007.424.429
http://dx.doi.org/10.3923/pjn.2007.424.429
http://dx.doi.org/10.1016/j.aquaculture.2014.07.005
http://dx.doi.org/10.1016/j.aquaculture.2011.02.016
http://dx.doi.org/10.1016/j.foodchem.2004.05.016
http://dx.doi.org/10.1016/j.plefa.2004.03.002

