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Abstract

The present study aimed to elucidate the impacts of dietary vegetable oil blends as
alternative to fish oil on serum biochemical and haematological parameters in
Heterobranchus longifilis fingerlings. Fish (4.65 £ 0.23g) were fed diets containing fish
oil (FO), palm oil (PO), soybean oil (SO), blend of PO and SO (POSO) over a 12-week
period. The experiment was carried out in 62-1 circular tanks with 10 fish per tank. Fish
were fed two times a day until apparent satiation. At the end of the experiment, blood
samples were collected from each treatment for investigation of serum biochemical and
haematological parameters. The results showed that total protein was not significantly
affected by the different dietary lipid sources (p >0.05). However, serum glucose was
significantly higher in fish fed the control diet (p<0.05). Activities of liver enzymes
(AST, ALT, ALP), total cholesterol, triglyceride, LDL and HDL exhibited a significant
increase in the blood of fish fed combinations of the vegetable lipid sources (p<0.05).
The PCV, RBC and MCV were not affected by the dietary lipid sources (p>0.05).
These results indicate that FO can be replaced with PO, SO or their combinations in the
diet of H. longifilis fingerlings without any negative health impacts.
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Introduction

Fish oil derived from wild marine fish
populations is becoming increasingly
insufficient to meet the demand in the
aquafeed  industry  because the
production from these stocks are fully
exploited, and is not expected to
increase beyond the present level (Ng et
al., 2003). When demand outstrips
supply, cost will go up following the
law of demand and supply. The
increase in the global demand for fish
oil coupled with the high cost of fish oil
has created the growing interest in
evaluating alternative oils to replace
fish oil in fish diets (Rosenlund et al.,
2001; Cabalero et al., 2002; Ochang,
2011; Babalola and Apata, 2011, 2012).
On the contrary, the global vegetable
oil productions have steadily increased
and are readily available at lower cost
(Babalola, 2010).

Vegetable oils are rich in C18 PUFAs,
being precursors of HUFAs. However,
changes in the sources of dietary lipids
can affect fish health and disease
resistance. Lipids modulate the immune
response by influencing the physical
properties of immune cell membranes
(phospholipids), membrane-associated
signalling molecules (eicosanoids) and
receptor sites (i.e. protein kinase C)
(Montero et al., 2004).

Blood is a good indicator to determine
the health of an organism. Differences
in haematological parameters, immune
response and serum  biochemical
variables as a function of dietary
vegetable lipid sources have been
reported for catfish (Ochang et al.,

2007; Babalola et al., 2009), Atlantic
salmon (Balfry et al, 2006),
largemouth bass (Subhadra et al., 2006)
and carp (Yildirim et al., 2013).
However, the influence of dietary
vegetable oil blends as fish oil
alternative lipid source on H. longifilis
haematological and serum biochemical
variables are very limited. Thus, the
aims of this study were to evaluate the
effects of dietary vegetable oils and
mixtures composed of soybean oil (SO)
and palm oil (PO), the most abundant
vegetable oil in the world (Gunstone,
2001) on serum biochemical variables
and haematological parameters of H.
longifilis fingerlings.

Materials and methods

Fish and experimental condition

H. longifilis fingerlings, used in this
study were obtained from National
Institute for Freshwater Fisheries
Research (NIFFR) hatchery. The fish
(mean body weight 4.65 + 0.23g) were
randomly allotted into 12 circular tanks
(62 L) with 10 fish in each tank. Each
of the four treatments was replicated in
triplicate. Fish were maintained under
12:12 light: dark regime, with constant
aeration and a flow rate of 0.5 L min,
Water temperature and pH were
maintained at 24 + 1°C and 6.9 + 0.2,
respectively. Each group was fed one of
the four experimental diets, assigned
randomly, each diet being assigned to
three groups. The H. longifilis were
acclimatised to the experimental diets
for 2 weeks, when the fish were fed to
satiation between 0830 to 1030 h and
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1630 to 1830 hours. During the
acclimatisation period, tanks were
cleaned of feed particles after each
feeding and faecal matter siphoned out
prior to each feeding.

Feeding trial

The four experimental diets were
prepared by substituting one of the
following oils as the lipid source; fish
oil (FO), palm oil (PO), soybean oil
(SO) or equal blend of PO and SO
(POSO) at 60 g kg?! (Table 1). The
proximate ~ composition  of  the
experimental diets and the dietary fatty
acid compositions are shown in Tables
1 and 2, respectively. The experimental
diets were prepared by mixing the dry
ingredients with oil and pregelatinized
starch and the resulting moist dough
was pelleted using a locally assembled
meat mincer through a 2-mm die. The
moist pellets were then sun dried and
stored under refrigeration in 200 g
batches, until used. The twelve groups
of H. longifilis were fed daily the
assigned diets (triplicated for each diet)
to apparent satiation two times daily
(between 0830 to 1030 h and 1630 to
1830 hours) for a period of 12 weeks,
after acclimatisation.

Sample collection

At the end of the feeding trial, fish were
tranquilized with 150 mgL* solution of
methane sulphonate (MS222) (Wagner
et al., 1997) for blood collection. Blood
samples were obtained from the caudal
vein of five fish from each tank. One
mL blood sample was collected into the
bottles containing 0.05 mL EDTA as
anticoagulant. Blood for serum analysis

were collected into bottles without any
anticoagulant. Serum was separated by
centrifugation at 7200 rpm for 5
minutes, kept frozen at -20°C for the
determination of  total protein,
cholesterol, glucose, aspartate
aminotransferase (AST) and alanine
aminotransferase (ALT) activities.

Haematological and serum biochemical
profile

Immediately after sampling, blood
smears were prepared, red blood and
white blood cell counts were carried out
using standard haematological
techniques (Dacie and Lewis 2001).
Fifty uL haematocrit tube was filled
with blood samples, after centrifugation
(7200 rpm for 10 min) of each blood
sample, packed cell volume (PCV) was
determined by the Wintrobe and
Westergreen method as described by
Blaxhall  and Daisley  (1973).
Haemoglobin levels (Hb in grams per
deciliters) were obtained by the
cyanomethaemoglobin
spectrophotometric method (Dorafshan
et al., 2008). The blood indices
including mean corpuscular volume
(MCVv in femtoliters), mean
corpuscular haemoglobin (MCH in
pictograms per cell), and mean
corpuscular haemoglobin concentration
(MCHC in grams per decilitre) were
calculated according to the following
formulas (Dacie and Lewis 2001):

MCV (A Pey G6)
Y T RBC (108 plth)
. [HblgdmY)]
MCH (pg) = —————
P& = ReC (10°u—1)
and
[Hb(gdl~2)]
MCHC (gdl =) = —————
5 PCV (%)
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Table 1 : Composition of the experimental diets (g kg 1) for fingerling Heterobranchus longifilis.

Diets!

A B C D
Ingredients
Fish meal (Danish) 398.00 398.00 398.00 398.00
Soybean meal 313.00 313.00 313.00 313.00
Corn flour (Maize) 172.00 172.00 172.00 172.00
Cassava starch 20.00 20.00 20.00 20.00
Methionine 10.00 10.00 10.00 10.00
Vit./Min. premix? 20.00 20.00 20.00 20.00
Salt (NaCl) 1.50 1.50 1.50 1.50
Vitamin C 0.50 0.50 0.50 0.50
Chromic oxide 5.00 5.00 5.00 5.00
Fish oil (FO) 60.00 - - -
Palm oil (PO) - 60.00 - 30.00
Soybean oil (SO) - - 60.00 30.00
Proximate composition (n=3)
Moisture (g/kg) 63.00 60.00 60.90 60.60
Crude protein (g/kg) 456.80 452.30 452.00 454.50
Lipid (g/kg) 105.00 106.70 105.80 105.70
Ash (g/kg) 83.00 82.90 83.20 82.90
Crude fibre 22.50 22.34 22.42 22.38
Carbohydrate (NFE) (g/kg) 269.70 275.66 273.58 273.92
Metabolizable energy (kJ/g) 17.47 17.56 17.52 17.53

! Diets: A = fish oil, B = palm oil, C = soybean oil, D = palm oil and soybean oil (1:1).

2 Vitamin/mineral premix supplied the following (per kg of diet): calcium, 4500 mg; phosphorus, 4200
mg; potassium, 1700 mg; magnesium, 400myg; iron, 30mg; zinc, 30 mg; manganese, 20 mg; copper, 5
mg; iodine, 1 mg; selenium, 0.25 mg; vitamin A, 5000 1U; vitamin D, 2000 1U; tocopherol acetate,
100 mg; menadione, 15 mg; thiamine hydrochloride, 5 mg; riboflavin, 10 mg; pyridoxine
hydrochloride, 10 mg; panthothenic acid, 35 mg; nicotinic acid, 50 mg; biotin, 0.5 mg; folic acid, 2
mg; ascorbic acid, 200 mg; inositol, 250 mg; choline, 400 mg; vitamin B12, 0.1 mg and ethoxyquin, 60
mg.
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Table 2 : Fatty acid composition of the experimental diets* (g/100g of total FA).

Fatty acids A B C D
Lauric acid 1.13 0.15 0.58 0.28
Myristic acid 5.98 0.72 4,22 1.98
Palmitic acid 18.14 35.41 18.77 23.40
Stearic acid 4,53 4.71 4.11 3.89
Arachidic acid 0.74 0.20 0.66 0.53
Behenic acid 0.20 ND 0.22 0.14
Lignoceric acid 0.19 ND 0.15 0.10
Sum saturated FAs 30.91 41.20 28.71 30.32
Palmitoleic acis 5.79 3.97 3.70 4.17
Cis-vassenic acid ND ND ND ND
Sum n-7 5.79 3.97 3.70 4,17
Cis-9-hexadecanoic acid 8.61 0.12 6.49 3.63
Oleic acid 9.61 31.34 13.95 23.53
Eicosanoic acid 1.93 2.66 1.44 2.05
Nervonic acid 0.63 0.01 0.28 0.18
Sum n-9 20.77 34.12 22.16 29.39
Cetoleic acid 2.72 1.07 1.32 1.31
Sum n-11 FAs 2.72 1.07 1.32 1.31
Linoleic acid 7.55 10.93 26.33 19.09
Gamma-linolenic acid 1.97 0.11 1.21 0.66
Eicosadienoic acid 2.83 0.19 0.09 0.18
Dihomo-gamma-linolenic 0.17 0.10 ND ND
Arachidonic acid 0.91 0.20 0.43 0.36
Sum n-6 13.42 11.53 28.06 20.30
Linolenic acid 1.47 0.11 3.19 1.99
Stearidonic acid ND ND ND ND
Eicosatetraenoic ND ND ND ND
Eicosapentaenoic acid 10.95 3.48 4.84 3.66
Docosapentaenoic acid 1.36 0.50 0.56 0.70
Docosahexaenoic acid 12.61 4.02 7.45 8.15
Sum n-3 26.39 8.11 16.04 14.50
Sum monounsaturated FAs 29.28 39.16 27.18 34.87
Sum polyunsaturated FAs 39.81 19.64 44.10 34.80
Sum unsaturated FAs 69.09 58.80 71.29 69.68
n-3/n-6 1.97 0.70 0.57 0.71
n-6/n-3 0.51 1.42 1.75 1.40

*Diets: A = fish oil, B = palm oil, C = Soybean oil, D = Palm oil and Soybean oil (1:1).
ND = not detected.
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Serum Dbiochemical parameters were
analysed using an auto analyser
(Tecnicon RA-1000, Technicon
Instruments, New York, NY, USA),
with commercial clinical investigation
kits (Pars Azmoon Kit, Tehran, Iran).
Biochemical = measurements  were
carried out for low density lipoprotein
(LDL), high density lipoprotein (HDL),
total cholesterol, triglyceride (TGL),
alanine aminotransferase (ALT), AST,
ALP, total protein and glucose.

Statistical analysis

Data were subjected to one-way
analysis of variance (ANOVA) to
determine the effects of experimental
diets on haematological and serum
biochemical parameters. When
significant differences were observed
(p<0.05), the effects of individual
treatments were further compared with
Duncan’s multiple range test. All data
were analysed using the SPSS for
Windows software, version 13.0 (SPSS
Inc., Chicago, IL, USA).

Results

Haematological profile

Haematological parameters of H.
longifilis  fingerlings  fed  diets
containing different n-3 to n-6 fatty acid
ratio are shown in Table 3. There were
no differences in the PCV, RBC or
MCYV among fish fed the different diets.
The Hb content of fish fed diet C (SO)
was significantly (p<0.05) lower than
the other dietary treatments. The same
dietary treatment consistently had the
lowest haematological values which

were significantly (p<0.05) different
from the other dietary treatments. The
MCH and MCHC in H. longifilis fed
diet A were not significantly (p>0.05)
different from those fed diets B, or D.
Fish fed diet B had higher values of
WBC, lymphocyte and platelets than
those fed the other diets.

Serum biochemical profile

The serum biochemical profiles of H.
longifilis are presented in Table 4.
Serum total protein of H. longifilis was
not significantly (p>0.05) affected by
different dietary n-3 to n-6 fatty acids
ratio of the diets. Serum glucose was
significantly (p<0.05) highest in fish
fed diet A (FO) than the group fed diet
D and lowest in fish fed diet B (PO).
AST, ALT and ALP levels were
significantly (p<0.05) different among
the dietary groups. Serum AST activity
decreased significantly (p<0.05) in fish
fed diet D (POSO). Fish fed diet A had
the lowest activity of ALT. Similarly,
ALP activity was the least in fish fed
diet A and highest in fish fed diet D.
Serum total cholesterol was
significantly higher in fish fed diet C
(p<0.05).

Fish fed diet B had the lowest
cholesterol ~ concentration.  Serum
triglyceride, HDL and LDL were
significantly (p<0.05) increased in fish
fed diet C. The least values for
triglyceride and LDL were recorded in
fish fed diet B. However, HDL
concentration was not significantly
(p>0.05) different in fish fed diet A and
B.
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Table 3: Haematological profile of Heterobranchus longifilis fed diets containing fish oil, palm oil
and soybean oil as sources of n-3 and n-6 for 12 weeks.

PCV Hb RBC MCV MCH MCHC WBC  Neutrophils Lymphocytes Platelets
(%) (g gL' (x10%LY) () (pgeell™) (L") (x 101')3 L (%) (%)
Diets*
A 3000 937 354 8400  25.33% 3033  6.20° 5.67° 94.33°  390.00%°
29.00 8.03 3.72 7067  21.33% 2933°  10.33° 2.00° 98.00°  500.00°
2467  697° 3.14 66.33  19.00° 26.33°  7.50° 3.00° 97.00°  370.00°
b 2700 8.20° 3.03 7667  27.33* 3133  6.27° 3.7 96.83°  393.30%
SEM 062 026 0.09 2.00 0.99 0.56 0.50 041 0.41 15.34

*Diets: A = fish oil, B = palm oil, C = Soybean oil, D = Palm oil and Soybean oil (1:1).
Values in the same column followed by the same letter are not significantly different at p>0.05.

Table 4: Serum biochemical profile of Heterobranchus longifilis fed diets containing fish oil, palm
oil and soybean oil as sources of n-3 and n-6 for 12 weeks.

Total  Glucose AST ALT ALP Cholesterol  Triglyceride  HDL LDL
protein  (mg 100 (L (auLth  auL?t  (mg 100 mL
(g 100 mL?) B
mL™?)
Diets*
A 12.20 32.00% 80.20° 5.20¢ 87.20° 416 3.40¢ 1.95° 1.19¢
12.40 20.16° 100.17# 10.16° 139.17° 3.96° 3.16° 1.63% 2.90°
13.35 27.35° 100.35° 8.35¢ 71.35¢ 5.25° 5.45* 1.93? 3.85°
D 12.48 29.33° 50.33¢ 20.33? 189.33¢ 5.03% 4.33° 1.58% 3.60%
SEM 0.13 1.32 0.61 0.70 0.39 0.17 0.27 0.05 0.33

*Diets: A = fish oil, B = palm oil, C = soybean oil, D = palm oil and soybean oil (1:1).
Values in the same column followed by the same letter are not significantly different at p>0.05.
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Discussion

The absence of variations in PCV, RBC
and MCV counts of H. longifilis
suggests that none of the lipid sources
used did induce anaemia in the
experimental fish. The values for Hb,
MCH, MCHC and total WBC count
were significantly different among
dietary groups; fish fed diet C (SO) had
the lowest values for the same
haematological traits. In this study, the
consumption of palm oil may not
impact negatively on the defensive
function of WBC. The platelet counts
of the fish fed diets containing palm oil
did not indicate significant depreciation
when compared with those fed diets A
(FO) and D (POSO). An increase in
platelet number above normal serves as
a marker of vascular disease such as
microangiopathy and macroangiopathy
(Kwaan, 1992). The Hb concentration
value of fish fed diets B and D and
those of the diet A (FO) were similar
and showed that feeding these lipid
sources to H. longifilis exert no
significant negative influence on Hb
concentrations. The Hb concentrations
and PCV are basic values revealing the
degree of anaemia while the MCHC is a
useful index of the average Hb
concentration of the red cells (Swash
and Mason, 1984). In the present study,
H. longifilis could be considered to be
adequately haemoglobinized as none of
the haematological parameters
measured are out of the range
considered normal for fish (Sandnes et
al., 1988).

The total protein concentrations of the
plasma were close to the reference
value of Bonnethead Sharks, Sphyrna
tiburo (Harms et al., 2002). The
concentration of plasma protein is a
function of the nutritional status, which
is one of the factors affecting the state
of health of the animal (Igwebuike et
al., 2008). The normal values indicate
nutritional adequacy of the dietary
protein. The blood glucose
concentrations of the experimental
animals were below the reference
values for Bonnethead shark (Harms et
al., 2002). These values indicated a lack
of derangement in carbohydrate
metabolism.

The AST, ALT and ALP belong to
the non-plasma specific enzymes which
are localized within tissue cells of liver,
heart, gills, kidney, muscle and other
organs (Gaudet et al., 1975) and in
blood plasma they may give specific
information about organ dysfunction
(Casillas et al., 1983). In this study,
AST activities were lower than values
reported in  Oreochromis niloticus
(Chen et al., 2002). The lower activities
of ALT ALP and AST in this study
imply that the livers of H. longifilis
were not damaged and transaminases
were not released from the cytoplasm.
According to Kim et al. (2002),
elevated AST activity can be associated
with the release of transaminase from
cytoplasm due to hepatic cellular
damage.

ALT activities were similar to those
reported for Salmo trutta, Thymallus
thymallus, and Leuciscus cephalus
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(Luskovd, 1997), but were much lower
than values reported for Oreochromis
niloticus (Chen et al., 2002) and
Chondrorostoma  nasus  (Luskova,
1997).

The fish fed the experimental diet
containing PO showed decreased serum
cholesterol, indicating a
hypocholesterolemic  effect.  Similar
results have been reported in other fish.
For instance, Peng et al. (2008) showed
that diets containing soybean oil
decreased total plasma cholesterol in
black seabream Acanthopagrus
schlegeli, European seabass (Richard et
al., 2006a) and rainbow trout O. mykiss
(Richard et al., 2006b). This is probably
because diets containing vegetable oils
are rich in oleic acid (OA), linoleic acid
(LA) and linolenic acid (LNA) and
these fatty acids are known to reduce
cholesterol (Fernandez and West,
2005).  Furthermore, the  main
hypercholesterolemic  fatty acid -
palmitic (C16:0) is mostly in the sn-1, 3
configuration. It has been showed that
only 17% of palmitic acid in palm oil is
in the sn-2 position (Renaud et al.,
1995) and that fatty acids in the sn-2
position (preferentially absorbed) are
able to influence lipaemia since those in
the sn-1, 3 positions are released in the
intestinal tract and partly excreted in the
faeces (Small 1991; Aoyama et al.,
1996). Another explanation could be
the presence of phytosterols in
vegetable oil.

Previous study with rat revealed that
dietary EPA and DHA reduced hepatic
triglyceride concentration by

suppressing the activities of enzymes
involving fatty acid synthesis in rat
liver (Ikeda et al., 1998). In the present
study, fish fed diet A (FO, high in n-3
fatty acids) also had decreased serum
triglyceride concentration. However,
serum triglyceride concentration was
not always determined only by fatty
acid synthesis in the liver. The activity
of lipoprotein lipase has been reported
to be a major determinant of serum
triglyceride concentration (Tanaka et
al., 2001). These authors further
observed that dietary fish oil increased
lipoprotein lipase activity in adipose
tissue, suggesting that chylomicron-
and VLDL-triglyceride clearance from
serum is accelerated in fish oil feeding.
Therefore, there is a possibility that the
effect of FO on lipoprotein lipase may
be different from that of other dietary
lipid sources which tend to inhibit or
reduce chylomicron- and VLDL-
triglyceride clearance from the serum.
This has resulted in the elevated
triglyceride concentrations recorded for
H. longifilis fed the other dietary lipid
sources that were rich in n-9 and n-6
fatty acids (except PO fed group) in this
study. The  decreased plasma
triglycerides concentration has been
attributed to the therapeutic action of
omega-3 fatty acids (Rodriguez-Cruz et
al., 2005, Lai et al., 2006, Nambi and
Ballantyne 2006) which is due to the
up-regulation of enzymes involved in
fatty acid p-oxidation and down-
regulation of enzymes of fatty acid
synthesis (Granlund et al., 2005).
Plasma triglycerides and cholesterol
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values observed in this experiment are
within the values considered as normal
levels for rainbow trout and sea bass
(Dias et al., 1999).

The results of this study clearly
showed the possibility of feeding fish
meal-based diets containing PO, SO or
blend of PO and SO to H. longifilis
fingerlings without any negative effects
on haematological parameters or serum
constituents.

References

Aoyama, T., Fukui, K., Taniguchi,
K., Nagaoka, S., Yamamoto, T.
and  Hashimoto, Y. 1996.
Absorption and metabolism of lipids
in rats depends on fatty acid isomeric
position. Journal of Nutrition, 126,
225—
231.http://jn.nutrition.org/content/12
6/1/225.full.pdf+html

Babalola, T.O., Adebayo, M.A.,
Apata, D.F. and Omotosho, J.S.
2009. Effects of dietary alternative
lipid sources on haematological
parameters and serum constituents of
Heterobranchus longifilis
fingerlings. Tropical Animal Health
and Production, 41, 371-377. DOI:
10.1007/s11250-008-9199-1

Babalola, T.O. 2010. Utilization of
dietary animal fats and vegetable oils
by African catfish (Heterobranchus
longifilis) fingerlings. Ph.D. Thesis,
University of Ilorin, Nigeria.

Babalola, T.O., Apata, D.F.,
Omotosho, J.S. and Adebayo,
M.A. 2011. Differential effects of
dietary lipids on growth

performance, digestibility, fatty acid
composition and histology of
African catfish (Heterobranchus
longifilis) fingerlings. Food and
Nutrition ~ Sciences, 2, 11-
21.DOI: 10.4236/fns.2011.21002

Babalola, T.O. and Apata, D.F., 2012.
Impact of palm oil and extracted fish
meal on haematological parameters,
serum constituents and histology of
African catfish (Heterobranchus
longifilis)  fingerlings.  Scientific
Journal of Review, 1(3), 70-83.
http://www.sjournals.com/index.php/
SJR/article/view/252

Balfray, S.K, Oakes, J., Rowshandeli,
M., Deacon, G., Skura, B.J., and
Higgs, D.A. 2006. Efficacy of equal
blend of canola oil and poultry fat as
an alternate dietary lipid source for
Atlantic salmon (Salmo salar L.) in
sea water. II: effects on haematology
and immunocompetence.
Aquaculture Research, 37,192-199.
doi:10.1111/j.1365-2109.2005.01421 X.

Blaxhall, P.C. and Daisley, K.W.,
1973.  Routine  haematological
methods for use with fish blood.
Journal of Fish Biology, 5, 771-
781. DOl: 10.1111/5.1095-
8649.1973.tb04510.x

Cabalero, M.J., Obach, A,
Rosenlund, G., Montero, D.,
Gisvold, M. and lzquierdo, M.S.
2002. Impact of different dietary
lipid sources on growth, lipid
digestibility, tissue fatty acid
composition and histology of
rainbow trout, Oncorhynchus mykiss.
Aquaculture, 214, 253- 271.


https://dor.isc.ac/dor/20.1001.1.15622916.2016.15.2.18.4
http://jifro.ir/article-1-2220-en.html

[ Downloaded from jifro.ir on 2025-12-14 ]

[ DOR: 20.1001.1.15622916.2016.15.2.18.4 ]

Iranian Journal of Fisheries Sciences 15(2) 2016 785

Casillas, E., Myers, M. and Ames,
W.E. 1983. Relationship of serum
chemistry values to liver and kidney
histopathology in  English sole
(Parophrys vetulus) after acute
exposure to carbon tetrachloride.
Aquatic Toxicology, 3, 61— 78. DOI:
10.1016/0166-445X(83)90007-3.

Chen, C.Y., Wooster, G.A., Getchell,
R.G., Bowser, P.R., and Timmons,
M.B., 2002. Blood chemistry of
healthy,  nephrocalcinosis-affected
and ozone treated Tilapia in a
recirculation system with application
of discriminant analysis.
Aquaculture, 218, 82-102.

Dacie, J.V. and Lewis, S.M., 2001.
Practical haematology 9th ed. 362
Churchill  Livingstone,  London,
633P.

Dias, J., Corraze, G. Arzel, J.
Alvarez, M.J. Bautista, J.M.,
Lopez-Bote, C. and Kaushik, S.J.,
1999. Effets du rapport
protéine/énergie des regimes
alimentaires chez la truite et le bar
en éelevage. Perspectives de contrdle
nutritionnel des dépdts lipidiques.
Cybium, 23(1), 127-137
suppl.http://sfi.mnhn.fr/cybium/num
eros/1999/231suppl/09-Dias [231s]
127-137.pdf

Dorafshan,S., Kalbassi, M.R.,
Pourkazemi, M., Amiri, B.M. and
Karimi, S.S, 2008. Effects of
triploidy on the Caspian salmon
(Salmo trutta caspius) haematology.
Fish Physiology and Biochemistry,
34, 195-200. DOI: 10.1007/s10695-
007-9176-z

Fernandez, M.L. and West, 2005.
Mechanisms by which dietary fatty
acids modulate plasma ilpids.
Journal of Nutrition, 135 (9), 2075-
2078.
http://jn.nutrition.org/content/135/9/
2075.full.pdf+html

Gaudet, M.J., Racicot, G. and Leray,
C., 1975. Enzyme activities of
plasma selected tissues in rainbow
trout Salmo gairdneri Richardson.
Journal of Fish Biology, 7, 505-512.
DOl: 10.1111/5.1095-
8649.1975.tb04625.x

Granlund, L., Larsen, L.N., Nebb,
H.l. and Pederson, J.l., 2005.
Effects of structural changes of fatty
acids on lipid accumulation in
adipocytes and primary hepatocytes.
Biochimica et Biophysica Acta,
1687, 23-30.

Gunstone, F.D., 2001. Palm oil
supplying much of the world
demand for fats and oils. Inform, 12,
141-146.http://www.cabdirect. org/
abstracts/20013062186. html;
jsessionid=F2FA65AEF039F73FF91
627161F3849AD

Harms, C., Ross, T. and Segars, A.,
2002. Plasma  biochemistry
reference values of wild bonnethead
sharks, Sphyrna tiburo. Veterinary
Clinical Pathology, 31, 111-115.
DOl: 10.1111/5.1939-
165X.2002.th00289.x

Igwebuike, J.U., Anugwa, F.O.l,
Raji, A.O., Ehiobu, N.G. and
Ikurior, S.A., 2008. Nutrient
digestibility, haematological and
serum biochemical indices of rabbits


https://dor.isc.ac/dor/20.1001.1.15622916.2016.15.2.18.4
http://jifro.ir/article-1-2220-en.html

786 Babalola et al., Effects of dietary fish oil replacement by vegetable oil on the serum ...

fed graded levels of Acacia albida Circulation, 113(17), 2062-2070.
Pods. ARPN Journal of Agricultural DOIl: 10.1161/
and Biological Science, 3(4), 33-40. CIRCULATIONAHA.105.577296
http://www.arpnjournals.com/jabs/re Luskova, V., 1997. Annual cycle and
search_papers/rp_2008/jabs_0708 8 normal values of haematology
9.pdf parameters  in  fishes.  Acta
Ikeda, 1., Cha, J.Y., Yanagita, T., Scientarum Naturalium Academiae
Nakatani, N., Oogami, K., Scientiarum Bohemicae Brno, 31, 1-
Imaizumi, K. and Yazawa, K., 70.
1998. Effects of dietary a-linoleic, Montero, D., Socorro, J., Tort, L.,

[ Downloaded from jifro.ir on 2025-12-14 ]

[ DOR: 20.1001.1.15622916.2016.15.2.18.4 ]

eicosapentaenoic and
docosahexaenoic acids on hepatic
lipogenesis and B-oxidation in rats.
Bioscience,  Biotechnology and
Biochemistry, 62, 675-680. DOI:
10.1271/bbb.62.675

Kim, K.-D., Lee, S.-M., Park, H.G,,

Bai, S. and Lee, Y.H., 2002.
Essentiality of dietary n-3 highly
unsaturated fatty acids in juvenile
Japanese flounder (Paralichthys
olivaceus). Journal of the World
Aquaculture Society, 33, 432-440.
DOIl: 10.1111/5.1749-
7345.2002.tb00022.x.

Kwaan, H.C., 1992. Changes in blood

coagulation, platelet function and
plasminogn — plasmin system in
diabetes. Diabetes, 41(suppl. 2), 32-
35. DIO: 10.2337/diab.41.2.532

Lai, C.Q., Corella, D., Demissie, S.,

Cupples, L.A., Adiconis, X., Zhu,
Y., Parnell, L.D., Tucker, K.L. and
Ordovas, J.M. 2006. Dietary intake
of n-6 fatty acids modulates effect of
apolipoprotein A5 gene on plasma
fasting  triglycerides, remnant
lipoprotein  concentrations, and
lipoprotein  particle  size: the
Framingham Heart Study.

Caballero, M.J., Robaina, L.E.,
Vergara, J.M., and Izqueido, M.S.,
2004.  Glomerulonephritis  and
Immunosuppression associated with
dietary essential fatty acid deficiency
in gilthead sea bream, Sparus aurata
L., juveniles. Journal of Fish
Diseases, 27, 297-306. DOI:
10.1111/5.1365-2761.2004.00543.x

Nambi, V. and Ballantyne, C.M.,

2006. Combination therapy with
statins and omega-3 fatty acids.
American Journal of Cardiology,
98(4A), 34-38. DOI:
http://dx.doi.org/10.1016/j.amjcard.2
005.12.025

Ng, W.K., Lim, P.K. and Boey, P.L.,

2003. Dietary lipid and palm oil
source affects growth, fatty acid
composition and muscle -
tocopherol concentration of African
catfish, Clarias gariepinus.
Aquaculture, 215, 229-243. DOI:
S0044-8486(02)00067-4

Ochang, S.N., Fagbenro, O.A. and

Adebayo O.T., 2007. Growth
performance, body composition,
haematology and product quality of
the  African catfish  (Clarias
gariepinus) fed diets with palm oil


https://dor.isc.ac/dor/20.1001.1.15622916.2016.15.2.18.4
http://jifro.ir/article-1-2220-en.html

[ Downloaded from jifro.ir on 2025-12-14 ]

[ DOR: 20.1001.1.15622916.2016.15.2.18.4 ]

Iranian Journal of Fisheries Sciences 15(2) 2016 787

Pakistan. Journal of Nutrition. 6,
452-459.
http://www.pjbs.org/pjnonline/
fin599.pdf

Ochang, S.N. 2011. Effect of replacing

cod liver oil with soybean oil as
dietary lipid on carcass composition,
haematology and sensory properties
of the Nile tilapis Oreochromis
niloticus.  International  Aquatic
Research, 3, 71-77.

Peng, S., Chena, L., Qin, J.G., Hou,

J., Yu, N, Long, Z., Ye, J. and
Sun, X, 2008. Effects of
replacement of dietary fish oil by
Soyabean oil on growth performance
and liver biochemical composition in
juvenile black seabream,
Acanthopagrus schlegeli.
Aquaculture, 276, 154-161. DOI:
10.1016/j.aquaculture.2008.01.035

Renaud, S.C., Ruf, J.C. and

Petithory, D., 1995. The positional
distribution of fatty acids in palm oil
and lard influences their biologic
effects in rats. Journal of Nutrition,
125, 229-237.http://jn.nutrition.org/
content/125/2/229.full.pdf+html

Richard, N., Mourente, G., Kaushik,

S. and Corraze, G. 2006a.
Replacement of a large portion of
fish oil by vegetable oils does not
affect lipogenesis, lipid transport and
tissue lipid uptake in European
seabass (Dicentrarchus labrax L.).
Aquaculture, 261, 1077-1087. DOI:
10.1016/j.aquaculture.2006.07.021

Richard, N., Kaushik, S., Larroquet,

L., Panserat, S. and Corraze, G.,
2006b. Replacing dietary fish oil by

vegetable oils has little effect on
lipogenesis, lipid transport and tissue
lipid uptake in rainbow trout
(Oncorhynchus  mykiss).  British
journal of Nutrition, 96, 299-309.
DOI: http://dx.doi.org/10.1079/
BJN20061821

Rodriguez-Cruz, M., Tovarm, AR.,

Del Prado, M. and Torres, N.,
2005. Molecular mechanisms of
action and health benefits of
polyunsaturated fatty acids. Revista
de investigacion clinica, 57(3), 457-
472. http://www.scielo.org.mx/
pdf/ric/v57n3/v57n3al0.pdf

Rosenlund, G., Obach, A., Sandberyg,

M.G., Standal, H. and Tviet, K.,
2001. Effect of alternative lipid
sources on long term growth
performance and quality of Atlantic
salmon (Salmo salar). Aquaculture.
Research, 32 (Suppl. 1), 323-328.
DOLI: 10.1046/j.1355-
557x.2001.00025.x

Sandnes, K., Lie, @. and Waagbg, R.,

1988. Normal ranges of some blood
chemistry parameters in adult farmed
Atlantic salmon, Salmo salar.
Journal of Fish Biology, 32, 129-
136. DOl: 10.1111/5.1095-
8649.1988.th05341.x

Small, D.M., 1991. The effects of

glyceride structure on absorption and
metabolism. Annual Review of
Nutrition, 11, 413-434. DOI:
10.1146/annurev.nu.11.070191.0022
13

Subhadra, B., Lochmann, R., Rawles,

S. and Chen, R., 2006. Effect of
dietary lipid source on the growth,


http://www.pjbs.org/pjnonline/
http://jn.nutrition.org/
http://dx.doi.org/10.1079/
http://www.scielo.org.mx/
https://dor.isc.ac/dor/20.1001.1.15622916.2016.15.2.18.4
http://jifro.ir/article-1-2220-en.html

[ Downloaded from jifro.ir on 2025-12-14 ]

[ DOR: 20.1001.1.15622916.2016.15.2.18.4 ]

788 Babalola et al., Effects of dietary fish oil replacement by vegetable oil on the serum ...

tissue composition and
hematological parameters of
largemouth  bass  (Micropterus
salmoides). Aquaculture, 255, 210-
222. DOI:
10.1016/j.aquaculture.2005.11.043

Swash, M. and Mason, S., 1984.

Hutchison’s clinical methods 18th
ed. East Sussex: Bailliere Tindall,
pp. 434-435.

Tanaka, T., Morishige, J., Takimoto,

T., Takai, Y. and Satouchi, K.,
2001. Metabolic characterization of
sciadonic acid (5¢c,11c,14c-
eicosatrienoic acid) as an effective
substitute  for arachidonate of
phosphatidylinositol. European
Journal of Biochemistry, 268, 4928-
4939. DOI: 10.1046/j.0014-
2956.2001.02423.x

Wagner, E.J., Jeppsen, T., Arndt R.,

Routledge, M.D. and Bradwisch,
Q., 1997. Effects of rearing density
upon cutthroat trout hematology,
hatchery performance, fin erosion
and general health and condition.
The Progressive Fish-Culturist, 59,
173-187.  DOIl:  10.1577/1548-
8640(1997)059<0173:EORDUC>2.3
.CO;2

Yildirim, O., Acar, U., Tiirker, A.,

Sunar M.C. and Yilmaz, S., 2013.
The effects of partial or total
replacement of fish oil by unrefined
peanut oil on growth and chemical
composition of common carp
(Cyprinus carpio). Israeli Journal of
Aquaculture-Bamidgeh, 65, 5 pages.
DOI:IJA_65.2013.919


https://dor.isc.ac/dor/20.1001.1.15622916.2016.15.2.18.4
http://jifro.ir/article-1-2220-en.html
http://www.tcpdf.org

