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Abstract
A feeding study with Two-banded Seabream Diplodus vulgaris was conducted to determine the effects of replace-

ment of fish oil (FO) by unrefined peanut oil (PO) on growth performance, feed utilization, body composition, fatty
acid composition, and serum biochemical and hematological variables. Three isonitrogenous (35.8%) and isoenergetic
(21.15 kJ/g) diets were formulated by replacing dietary FO with PO at levels of level 0% (PO0), 50% (PO50), or 100%
(PO100). Fish were fed twice a day until satiation for an experimental period of 8 weeks. The best growth performance
was observed in fish fed with the PO0 and PO50 diets. A significant increase was observed in hematocrit and mean
corpuscular volume levels of fish fed with PO50 diet compared with the other groups. Hemoglobin, mean corpuscular
hemoglobin, total protein, albumin, and globulin were not affected by dietary PO treatment and did not differ among
experimental groups. The glucose level was highest in the PO100 group. Triglyceride and cholesterol levels were
lower in fish fed diets with PO inclusions than in those fed the control diet. The fatty acid composition of fish was
significantly affected by the experimental diets. Glutamic oxaloacetic transaminase, glutamic pyruvictransaminase,
lactate dehydrogenase, and alkaline phosphatase were not affected by dietary PO treatment. The n-3:n-6 ratio in fish
fed the PO0 diet was also higher than in fish fed the PO-supplemented diets. The results of the present study showed
that FO could be substituted by PO up to 50% in Two-banded Seabream diets without any negative effect on growth
performance or serum biochemical and hematological features.

The marine aquaculture industry in the Mediterranean region
is mainly concentrated on two fish species, namely the Gilthead
Seabream Sparus aurata and European Seabass Dicentrarchus

*Corresponding author: umitacar@mu.edu.tr
Received July 20, 2015; accepted September 14, 2015

labrax. The intensive production of only these two species has
caused a decline in the market price, which has encouraged re-
searchers to focus on alternative species to enlarge the market
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NOVEL LIPID IN TWO-BANDED SEABREAM DIETS 65

prospect of aquaculture products. The Two-banded Seabream
Diplodus vulgaris (also known as Twoband Bream), belonging
to the family Sparidae, has a high market value and is reported to
adapt well to culture conditions (Jug-Dujakovic and Glamuzina
1988). With its high tolerance to a wide range of salinity com-
pared with other marine species (Horta et al. 2004), the omnivo-
rous Two-banded Seabream is considered to be a good candidate
for the aquaculture industry (Ozório et al. 2009). Previous stud-
ies focused on feeding habits of Two-banded Seabream showed
that the favorite food items for the species are algae and sea
urchins (Guidetti 2004; Pallaoro et al. 2006). The production of
omnivorous fish species is more cost effective for the aquacul-
ture industry due to their lower requirements for animal-based
protein in their diets. For this reason, the Two-banded Seabream
could be a promising candidate species for the Mediterranean
aquaculture industry.

Despite earlier studies on this species, knowledge on the nu-
tritional requirements of Two-banded Seabream is still scarce
and the production of nutritionally balanced diets is crucial to at-
tain high growth performances. The globally increasing demand
for fish oil (FO) has triggered a price increase of this indispens-
able ingredient, and production of fish oil in the world is limited.
Hence, a supply of alternative resources is worth investigating
to ensure the sustainability of the aquaculture industry. Since
FO is a source of n-3 long-chain polyunsaturated fatty acids, the
global need for FO for the aquaculture feed industry is still in-
creasing. Therefore, oils from plant sources are considered to be
a good alternative to FO to support sustainable aquaculture pro-
duction; production of plant source oils is increasing and prices
are lower than those for FO (Gunstone 2010). Some studies
on FO replacement by vegetable oils have been reported with
promising results (Montero et al. 2003; Lin and Shiau 2007;
Yıldız et al. 2013; Yildirim et al. 2013). The most commonly
studied vegetable oils are soybean, palm, linseed, and rapeseed
oils (Wassef et al. 2007), and a few studies have looked at re-
placing FO with peanut oil (PO). Recent studies on dietary PO
substitution for African Catfish Clarias gariepinus and Com-
mon Carp Cyprinus carpio have been reported (Aderolu and
Akinremi 2009; Yildirim et al. 2013). Globally, peanuts are the
fourth largest oilseed crop; they are cultivated in more than 60
countries and have an annual production of about 35 million
tons (Liu et al. 2012). In the USA a PO production of 5.58 mil-
lion tons was recorded in 2013 (USDA–NASS 2014), and the
actual PO price was US$1,000/ton compared with $2,000/ton
for FO.

The aim of this study was to evaluate the effects of replacing
dietary FO with PO on growth performance, feed utilization,
fatty acid composition, fish hematology, and serum biochemical
variables for Two-banded Seabream fingerlings.

METHODS
Experimental conditions, diets, and proximate composi-

tion.—Unrefined PO was obtained from a local factory

(Başpınar Fıstık, Osmaniye, Turkey) to produce feed for the
replacement trial. A total of 135 wild Two-banded Seabream
were captured in the Strait of Çanakkale (formerly Dardanelles),
Çanakkale, Turkey, and transferred and randomly distributed
into 80-L glass aquaria in a recirculation seawater system (15
fish per aquarium).

The trial was performed with triplicate groups, which were
acclimated for 15 d. System water quality variables were
measured daily; on average, water temperature was 17.8 ±
0.6◦C (mean ± SD), dissolved oxygen (DO) was 7.6 ±
1.01 mg/L, pH was 7.8 ± 0.4, and salinity was 30.2 ±
0.9‰. The Two-banded Seabream, (average weight, 10.17
± 0.21 g) were kept under a constant photoperiod (12 h
light : 12 h dark), and aeration of aquaria was facilitated
with an air pump. During the course of the experiment, wa-
ter was exchanged daily at a rate of about 10% of the total
volume.

The peanut oil substitution levels were 0% (PO0), 50%
(PO50), and 100% (PO100). The experimental diets used were
isonitrogenous and isolipidic, containing 35% protein and 15%
lipid, which are considered optimum levels for Two-banded
Seabream as reported by Bulut et al. (2014) (Table 1). All dry
ingredients (Agromey, İzmir, Turkey) were carefully mixed with
a laboratory food mixer for the diet preparation. The mixtures
were primed with tap water to yield a suitable pulp. Wet diets
were assembled into 1-mm pellets, dried at 40◦C in a drying
cabinet, and stored at −20◦C until use. During the trial fish
were fed twice daily (1000 and 1700 hours) to apparent sa-
tiation for 8 weeks and fish were weighed every 20 d until
the end of the experiment. Feed and fish samples were ana-
lyzed for proximate composition according to methods of the
Association of Official Analytical Chemists (AOAC 1998) at
the end of trial. All the samples were frozen at −20◦C un-
til analyzed. Dry matter was detected by drying the samples
at 105◦C until a constant weight was achieved. Ash content
was measured after samples were treated in a muffle furnace
at 525◦C for 12 h. The amount of crude protein was analyzed
by the Kjeldahl method, and total lipids in the experimental
diets and muscles were determined with a mixture of chloro-
form and methanol (2:1, v/v) that contained 0.01% butylated
hydroxytoluene as an antioxidant as described by Folch et al.
(1957).

Fatty acids in the total lipid were esterified into methyl esters
by saponification with 0.5 N methanolic NaOH and transes-
terified with 14% boron trifluoride-methanol (AOAC 1998).
Fatty acid methyl esters (FAMEs) were analyzed by using
a flame ionization gas chromatograph (Shimadzu GC-2014)
equipped with an Omegawax 250 capillary column (30 mL
× 0.25 mm internal diameter), a flame ionization detector,
and a split injection system with nitrogen carrier gas. The
injector port and detector temperatures were maintained at
250◦C and 260◦C, respectively. The column temperature pro-
gram was held at 140◦C for 5 min and then increased at a rate
of 3◦C/min to 200◦C. Total run time was 60 min per sample.
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66 KESBIÇ ET AL.

TABLE 1. Ingredients and analytical composition (% dry matter) and fatty acid composition (% of total fatty acid) of experimental diets fed to juvenile
Two-banded Seabream. “Fish oil” column refers to Glencross (2009); “peanut oil” column refers to the present study.

Experimental diets

Variable Fish oil Peanut oil PO0 PO50 PO100

Ingredients (% dry matter)
Fish meal 25 25 25
Soybean meal 32 32 32
Wheat meal 27 27 27
Fish oil 12 6
Peanut oil 6 12
Vitamin mixa 2 2 2
Mineral mixb 2 2 2

Analytical composition (% dry matter)
Protein 35.8 35.7 35.8
Lipids 15.2 15.3 15.1
Ash 5.76 5.82 5.66
NFEc 39.30 39.30 39.30
Energy (kJ/g)d 21.13 21.15 21.09

Fatty acid composition (% of total fatty acid)
C12:0 0.10 0.09 0.07
C14:0 8 6.49 4.86 2.57
C15:0 0.96 0.72 0.63
C16:0 18 9.21 15.96 13.72 11.32
C16:1 11 6.37 5.73 4.96
C17:0 1.12 0.93 0.87
C18:0 6 3.4 6.38 6.11 6.02
C18:1(n-9) 15 57.2 24.12 28.74 35.41
C18:2(n-6) 1 27.9 15.61 16.02 16.32
C18:3(n-6) 1.14 0.92 0.86
C20:0 4 0.32 0.56 0.60
C20:1(n-9) 3 0.19 0.35 0.42
C20:2 0.30 0.28 0.36
C20:4(n-6) 1 0.87 0.75 0.68
C20:5(n-3) 12 6.81 5.63 5.69
C22:1(n-9) 1.02 0.98 0.96
C22:5(n-3) 2 2.20 1.87 1.69
C22:6(n-3) 12 9.19 9.22 7.30
�(n-3) 30 19.34 17.64 15.54
�(n-6) 2 27.9 16.87 17.05 17.36
n-3:n-6 ratio 15 1.15 1.03 0.90

aVitamin mix (IU/kg or mg/kg): vitamin A, 18,000 IU; vitamin D3, 2,500 IU; vitamin E, 250 mg; vitamin K3, 12 mg; vitamin B1, 25 mg; vitamin B2, 50 mg; vitamin B3, 270 mg;
vitamin B6, 20 mg; vitamin B12, 0.06 mg; vitamin C 200 mg; folic acid, 10 mg; calcium D-pantothenate, 50 mg; biotin, 1 mg; inositol, 120 mg; choline chloride, 2,000 mg.

bMineral mix (mg/kg): Fe, 75.3 mg; Cu, 12.2 mg; Mn, 206 mg; Zn, 85 mg; I, 3 mg; Se, 0.350 mg; Co, 1 mg.
cNitrogen free extracts (NFE) = dry matter − (crude lipid + crude ash + crude protein).
dEnergy calculated according to 23.6 kJ/g protein, 39.5 kJ/g lipid, and 17.0 kJ/g nitrogen free extracts.

Fatty acids were identified by comparing their retention times to
authentic standard fatty acid standards (Sigma-Aldrich, St.
Louis, Missouri).

Growth performance as specific growth rate (SGR), feed uti-
lization as feed conversion ratio (FCR), and feed profitability as
relative growth rate (RGR) were calculated using the following
equations as described by Watanabe et al. (1987a, 1987b), Bu-
rel et al. (2000), Yigit et al. (2006, 2010), and Piedecausa et al.

(2007):

SGR (%/d) = {[ln (final wet weight)−ln(initial wet weight)]/d}
×100

FCR = feed consumed/weight gain

RGR(%) = [(final wet weight − initial wet weight)

/initial wet weight] × 100
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NOVEL LIPID IN TWO-BANDED SEABREAM DIETS 67

Blood collection and analyses.—After a growth period of
8 weeks, four fish were captured from each aquarium (12 fish
per group) for blood collection. No anesthetic was used in or-
der to avoid any possible effects of anesthesia on blood vari-
ables. Fish handling time was less than 1 min for each fish.
Thus, the total capture time was less than 8 min for all fish in
each tank. About 4 mL of blood was drawn from the caudal
vein and immediately transferred to test tubes. The extracted
blood was then centrifuged at 4,000 rpm for 10 min to separate
the serum for biochemical analyses (Gültepe et al. 2015). To-
tal protein, albumin, globulin, glucose, triglyceride, cholesterol,
alkaline phosphatase (ALP), glutamic oxaloacetic transaminase
(GOT), glutamic pyruvic transaminase (GPT), and lactate dehy-
drogenase (LDH) in serum were analyzed by using bioanalytical
test kits (Bioanalytic Diagnostic Industry, Neuss, Germany) and
measured by a Shimadzu spectrophotometer (PG Instruments,
Lutterworth, UK). A few blood samples were allocated for the
hematological assays and the rest were added to tubes contain-
ing heparin for the other hematological analyses (Bain et al.
2006; Gültepe et al. 2014).

Statistical analyses.—Values of all measured variables are
expressed as mean ± SD. The data obtained from blood anal-
yses and growth indices were examined by ANOVA with the
Minitab Statistical Software. Levels of significance were deter-
mined using Tukey’s post hoc honestly significantly different
(HSD) test, in which critical limits were set at P < 0.05.

RESULTS
At the end of the experiment survival of Two-banded

Seabream was 100% in all experimental groups. Fish growth
performances are shown in Table 2. Values for SGR, RGR, and
FCR were significantly affected by dietary PO levels. No sig-
nificant differences in values for FCR, SGR, and RGR were
obtained between the control (PO0) and PO50 diet group. Feed
utilization decreased as PO level increased in the diets (P <

0.05).
The replacement of FO by PO did not show any significant

effect on fillet protein lipid or ash content (Table 3). According
to the results of the analyses, the incorporation of dietary PO

increased the content of oleic acid (C18:1[n-9]) and linoleic acid
(C18:2[n-6]) in the muscle tissues.

The effects of PO on the hematological and serum biochem-
ical variables of Two-banded Seabream are shown in Table 4.
Compared with the values for the control group, hematocrit
(Hct) and mean corpuscular volume (MCV) were significantly
higher in the experimental fish fed the PO50 diet (P < 0.05).
At the end of the feeding trial levels of total protein, albumin,
and globulin showed no significant difference among the exper-
imental groups, but levels of glucose, cholesterol, and triglyc-
eride were significantly different. The Hb and MCH values in
the PO50 and PO100 treatment groups did not vary significantly
from the values observed in the PO0 control group.

Serum triglyceride and cholesterol levels in fish fed the
PO50 diet were significantly lower than control values (P <

0.05). Serum liver enzymes activities (GOT, GPT, LDH, and
ALP) were not significantly different among the experimental
groups.

DISCUSSION
Several studies have evaluated the replacement of FO with

vegetable oil in finfish diets with successful results; however,
to our knowledge there are no data for Two-banded Seabream.
The present study was performed to determine the feasibility
of replacing dietary FO with PO in practical diets for Two-
banded Seabream. Growth performance results were similar to
other marine finfish species such as Gilthead Seabream (Silvia
et al. 2007), Black Seabream Acanthopagrus schlegeli (Peng
et al. 2008), Sharpsnout Seabream Diplodus puntazzo (Piede-
causa et al. 2007), and Red Seabream Pagrus major (Huang
et al. 2007). Two-banded Seabream is an omnivorous sparid
species that has a higher ability than other carnivorous species
to digest plant sources (Ozório et al. 2009). Our results indicate
that FO can be successfully replaced with PO by up to 50%
in Two-banded Seabream diets without affecting fish growth
or the nutritive utilization of the diet. Similarly, Yıldırım et al.
(2013) and Demir et al. (2014) reported that the incorporation
of PO up to 50% in the diet did not show any adverse ef-
fect on growth performance in Common Carp or Mozambique
Tilapia Oreochromis mossambicus, respectively. However, to-

TABLE 2. Growth performance and feed utilization (mean ± SD) of juvenile Two-banded Seabream fed different levels of dietary PO as a replacement for FO.
Diets are defined in Table 1.. Within a row mean values with different letters are significantly different (P < 0.05). RGR = relative growth rate; SGR = specific
growth rate; FCR = feed conversion ratio.

Experimental diets

Performance metric PO0 PO50 PO100

Initial weight (g) 10.37 ± 0.25 10.25 ± 0.16 10.45 ± 0.53
Final weight (g) 28.81 ± 0.74 zy 29.43 ± 1.18 y 26.95 ± 0.27 z
RGR (%) 177.81 ± 2.75 zy 187.49 ± 15.69 y 157.98 ± 2.05 z
SGR (%/d) 1.70 ± 0.01 zy 1.75 ± 0.09 y 1.57 ± 0.013 z
FCR 1.67 ± 0.02 z 1.67 ± 0.02 z 1.92 ± 0.01 y
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68 KESBIÇ ET AL.

TABLE 3. Proximate (% wet weight basis) and fatty acid (% of total fatty acid) composition (mean ± SD) of muscle lipids in Two-banded Seabream fed PO
diets for 8 weeks. Within a row mean values with different letters are significantly different (P < 0.05).

Experimental diets

Variable PO0 PO50 PO100

Proximate composition (% wet weight basis)
Protein 18.77 ± 1.82 z 18.26 ± 2.08 z 18.92 ± 1.96 z
Lipids 4.16 ± 0.51 z 4.40 ± 0.16 z 4.21 ± 0.45 z
Ash 2.31 ± 0.56 z 2.22 ± 0.31 z 2.52 ± 0.15 z

Fatty acid (% of total)
C12:0 0.15 ± 0.01 z 0.13 ± 0.02 z 0.13 ± 0.01 z
C14:0 2.65 ± 0.19 y 2.50 ± 0.21 z 2.69 ± 0.23 y
C15:0 0.36 ± 0.02 z 0.29 ± 0.05 z 0.27 ± 0.03 z
C16:0 17.24 ± 0.61 z 16.42 ± 0.32 z 16.86 ± 0.80 z
C16:1 3.88 ± 0.38 z 4.06 ± 0.42 z 3.85 ± 0.51 z
C17:0 0.32 ± 0.04 z 0.29 ± 0.01 z 0.28 ± 0.02 z
C18:0 5.90 ± 0.22 y 5.19 ± 0.41 z 4.69 ± 0.35 z
C18:1(n-9) 25.37 ± 1.12 z 31.11 ± 2.01 y 33.49 ± 1.96 y
C18:2(n-6) 11.33 ± 0.36 z 14.20 ± 0.41 y 14.63 ± 0.72 y
C18:3(n-6) 2.16 ± 0.10 z 1.90 ± 0.15 z 1.79 ± 0.22 z
C20:0 0.62 ± 0.02 z 0.71 ± 0.08 z 0.65 ± 0.05 z
C20:1(n-9) 3.32 ± 0.05 z 3.41 ± 0.08 z 3.38 ± 0.04 z
C20:2 0.91 ± 0.02 y 0.85 ± 0.06 zy 0.80 ± 0.03 z
C20:4(n-6) 0.96 ± 0.03 y 0.88 ± 0.06 zy 0.83 ± 0.05 z
C20:5(n-3) 5.09 ± 0.10 y 4.65 ± 0.08 z 4.55 ± 0.08 z
C22:1(n-9) 0.49 ± 0.05 z 0.43 ± 0.04 z 0.31 ± 0.08 z
C22:5(n-3) 1.5 ± 0.01 x 1.3 ± 0.03 y 0.6 ± 0.08 z
C22:6(n-3) 14.97 ± 0.97 x 10.76 ± 0.82 y 7.46 ± 0.71 z
�(n-3) 23.72 18.61 14.4
�(n-6) 13.02 15.93 16.26
n-3:n-6 ratio 1.82 1.17 0.89

tal replacement of FO by PO significantly decreased growth
performance and feed utilization parameters. The poor growth
performance of Twobanded Seabream fed the diet containing
high levels of PO could be attributed to the relatively lower fatty
acid profiles that did not meet the requirements of this species.
Previous studies reported that body fatty acid compositions of
fish generally reflects the fatty acid profiles of the diet supplied
to fish (Montero et al. 2004; Huang et al. 2007). Generally,
dietary PO caused a decrease in saturated fatty acids and an
increase in n-6 polyunsaturated fatty acids. In this regard, PO
is a rich source of unsaturated fatty acids, especially oleic and
linoleic acids. Consequently, in the present study, the n3:n6 ra-
tio of Twobanded Sea-bream fillets showed a decreasing trend
when the PO level increased in the diet. Similar results have
been reported in marine finfish species in terms of a lower n3:n6
ratio of fish fed diets containing plant-based oil compared with
those fed FO-based diets (Trushenski et al. 2011; Deng et al.
2014). Furthermore, marine finfish species exhibit limited or
no ability to desaturate and elongate 18:3(n-3) to n-3 highly
unsaturated fatty acids and sometimes eicosapentaenoic acid to

docosahexaenoic acid as well as 18:2(n-6) to 20:4(n-6) due to
low or absent delta-6-desaturase activity (Bell et al. 1994, 2001;
Montero et al. 2004; Izquierdo et al. 2005); therefore, vegetable
and FO mixtures seem to be the best source of oil for omnivore
fishes.

Hematological variables have generally been convenient as
indicators of stress or disease in fish (Campbell 2004; Harikrish-
nan et al. 2011; Yılmaz and Ergün 2012). Changes in red blood
cell (RBC) count, Hct value, Hb concentration, and erythrocyte
index are important hematological variables that provide infor-
mation about the health of the organs (Başusta 2005). In the
present study some of the hematological variables such as Hct,
MCH concentration (MCHC), MCV, and RBC count are signif-
icantly affected by PO replacement level. Fackjouri et al. (2011)
reported decreased Hct and Hb values in Beluga Huso huso fed
with diets based on soybean oil. Similarly, Guroy et al. (2012)
indicated that Hct level can decrease with the use of canola oil
in diets. Ochang et al. (2007) reported an increase in Hct value
when the level of dietary palm oil was increased for Nile Tilapia
O. niloticus.
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NOVEL LIPID IN TWO-BANDED SEABREAM DIETS 69

TABLE 4. Hematological and serum biochemical values (mean ± SD) of juvenile Two-banded Seabream fed diets with different PO inclusion levels. Within a
row the means with different letters are significantly different (P < 0.05). WBC = white blood cell count; RBC = red blood cell count; Hct = hematocrit; Hb =
hemoglobin concentration; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration;
GLU = glucose; TPROT = total protein; ALB = albumin; GLO = globulin; TRI = triglyceride; CHOL = cholesterol; GOT = glutamic oxaloacetic transaminase;
GPT = glutamic pyruvic transaminase; LDH = lactate dehydrogenase; ALP = alkaline phosphatase.

Experimental diets

Variable PO0 PO50 PO100

WBC ( × 103/mm3) 66.14 ± 1.66 y 65.02 ± 2.72 y 60.56 ± 1.03 z
RBC ( × 106/mm3) 4.01 ± 0.31 y 3.66 ± 0.15 y 3.20 ± 0.11 z
Hct (%) 37.18 ± 1.88 y 40.78 ± 0.84 x 34.64 ± 1.14 z
Hb (g/dL) 11.42 ± 0.53 z 10.78 ± 0.45 z 10.16 ± 1.41 z
MCV (�m3) 93.01 ± 5.42 z 111.62 ± 4.83 y 108.15 ± 3.07 y
MCH (pg) 28.56 ± 1.45 z 29.47 ± 0.55 z 31.67 ± 3.93 z
MCHC (%) 30.74 ± 1.19 y 26.43 ± 0.99 z 29.26 ± 3.26 zy
GLU (mg/dL) 119.90 ± 3.3 z 126.50 ± 5.9 z 161.14 ± 2.50 y
TPROT (g/dL) 7.25 ± 0.72 z 6.22 ± 0.49 z 6.82 ± 0.45 z
ALB (g/dL) 0.12 ± 0.072 z 0.15 ± 0.026 z 0.14 ± 0.09 z
GLO (g/dL) 7.14 ± 0.69 z 6.09 ± 0.49 z 6.66 ± 0.54 z
TRI (mg/dL) 172.0 ± 6.10 y 96.30 ± 4.20 z 122.0 ± 3.70 zy
CHOL (mg/dL) 159.58 ± 4.40 y 126.30 ± 3.07 z 134.68 ± 4.37 zy
GOT (U/L) 50.35 ± 8.14 z 54.50 ± 1.06 z 47.33 ± 6.43 z
GPT (U/L) 22.09 ± 3.55 z 21.84 ± 4.22 z 17.72 ± 1.41 z
LDH (U/L) 77.02 ± 2.24 z 81.37 ± 4.27 z 80.67 ± 2.39 z
ALP (U/L) 79.93 ± 3.31 z 77.82 ± 4.70 z 75.25 ± 2.19 z

Blood indices (MCV, MCH, and MCHC) are important for
evaluations of anemia in most animals (Coles 1986). In the
present study, no symptoms of anemia were observed. These
results are different from Ochang et al. (2007) who used palm
oil as a replacement for FO in the diets of African Catfish.

Biochemical variables can be useful indicators to determine
stress in fish (Yılmaz and Ergün 2012); in particular, glucose lev-
els are an important indicator of ammonia-related stress (Mor-
gan and Iwama 1997; Başusta 2005). Previous studies have re-
ported that blood glucose can be reduced with dietary plant oils
(Kenari et al. 2011; Han et al. 2012). We obtained no significant
difference in glucose levels of fish fed the PO0 and PO50 diets;
however, the glucose levels were significantly affected when the
PO replacement level increased to 100%. Similar results were
reported by Demir et al. (2014) in Mozambique Tilapia. Serum
total protein, albumin, and globulin levels are also considered
to contribute to a strong immune response of fish (Wiegertjes
et al. 1996; Yildirim et al. 2013). In the present study, the dietary
inclusion of PO did not show any significantly adverse effects
on serum protein levels. Earlier studies reported similar find-
ings in terms of no immune suppression in Malabar Grouper
Epinephelus malabaricus (Lin and Shiau 2003), Largemouth
Bass Micropterus salmoides (Subhadra et al. 2006), and Caspian
Brown Trout Salmo trutta caspius (Kenari et al. 2011) fed diets
containing vegetable oil. Triglyceride and cholesterol are im-
portant lipids, and plasma lipid levels are affected by diet types
and stress levels (McDonald and Milligan 1992). In our study

cholesterol and triglyceride levels were lowest in fish fed the
PO50 diet. This may be explained by the cholesterol-lowering
effects of plants (Lin et al. 2007). Similar results were obtained
in Common Carp and Mozambique Tilapia when PO was used
in diets as a replacement for FO (Yıldırım et al. 2013; Demir
et al. 2014). The activities of serum enzymes (GPT, GOT, LDH,
and ALP) are also used as important stress indicators. In the
present study, the GPT, GOT, LDH, and ALP levels in experi-
mental groups were not significantly affected by the substitution
of FO with PO. Similar results were reported by Dı́az-López
et al. (2009) for Gilthead Seabream when dietary FO replaced
Echium oil. Lee et al. (2003) reported a decrease in GOT levels
in juvenile Starry Flounder Platichthys stellatus when the FO
substitution level with vegetable oils reached 80%. Increased
hepatic enzymes may indicate hepatic lesions, possibly a result
of induced stress as reported in tilapia (Chen et al. 2003).

The results of this study showed that in Two-banded
Seabream diets, peanut oil at a level of 50% of the total oil
content can be used instead of 100% FO without any nega-
tive effects on growth performance, feed conversion rate, spe-
cific growth rate, and serum hematological and biochemical
variables.
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