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Abstract

The objective of this study was to compare the effects of dietary lipids on growth and liver
histopathology of hybrid tilapia, Oreochromis niloticus x O. aureus, fry (6.0 g). Fish were fed one
of six diets containing 8.4% fish oil (control), 8.4% soy-acid oil, 8.4% yellow grease, 5.6% yellow
grease plus 2.8% soy-acid oil, 2.8% yellow grease plus 4.6% soy-acid oil, or 4.2% soy-acid oll
plus 4.2% yellow grease for 60 days. Growth was similar in all groups and retarded in compari-
son to earlier studies. Lipid accumulation as well as microvesicular (foamy degeneration) and
macrovesicular degeneration in the liver were histopathologically detected.

Introduction
The demand for fish oil, the most frequently-
used oil in the fish feed industry, is predicted
to exceed resources within the next decade
(Barlow and Pike, 1999). Partial or total
replacement of fish-based feeds by vegetable
meals and oils is important for the develop-
ment of aquaculture (Kaushik, 2004). Recent

studies demonstrated that, in some tropical
fish, up to 90% of the dietary fish oil can be
replaced by vegetable oils without causing
problems to growth or feed utilization (Ng et
al., 2000; Lim et al., 2001).

Soy-acid oil was used as an alternative
vegetable lipid source in broiler diets in the
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1980s (Sevgican et al., 1986) and later in rain-
bow trout diets (Canyurt et al., 1991). In both
studies, a supplementary lipid level of approx-
imately 8.0% improved growth parameters.
Yellow grease has also been used in broiler
diets and consists of vegetable and animal
lipid sources. The low cost and year-round
availability of soy-acid oil and yellow grease
justifies investigating the use the use of these
lipid sources in aquafeeds.

As in other vertebrates, the type of lipid
affects growth parameters, body composition,
and the histological structure of organs in fish
(Dossanjh et al., 1984). Lipid metabolism is
mainly regulated by the liver. Fat storage
affects fat metabolism, uptake of dietary fat,
mobilization of fatty deposits as in acute dis-
eases, and synthesis or degradation of fatty
acids, triglycerides, cholesterol, and lipopro-
teins. Thus, when dietary lipid or energy
exceeds the capacity of the hepatic cells to
oxidize fatty acids, or when protein synthesis
is impaired, the result is synthesis and deposi-
tion of large amounts of triglycerides in vac-
uoles, leading to the morphological condition
known as steatosis or hepatic lipidosis.
Steatosis is associated with nutritional imbal-
ances in cultured fish (Tacon, 1996; Caballero
et al., 2004).

The aim of this study was to compare the
effects of dietary soy-acid oil and yellow
grease on growth parameters and liver mor-
phology in hybrid tilapia, Oreochromis niloti-
cus x O. aureus, fry.

Materials and Methods

Six practical diets were formulated (Table 1).
For each diet, the major ingredients were
ground (<500 p) and mixed, and warm water
(40°C) and the lipid source(s) were added into
the blend. The resultant dough was passed
through a 2 mm diameter die in a food grinder.
The pellets were dried at 45°C and stored at
4.0+1.0°C until use.

Hybrid tilapia fry (Oreochromis niloticus x
O. aureus; 6.0 g) were obtained from a local
fish hatchery (DSI, the VIth regional direc-
torate of the state hydraulic works, Adana,
Turkey) and stocked at 15 fish per 96-I glass
aquaria in 18 aquaria (triplicates of six treat-

ments). After 10 days acclimization, the
experimental diets were given the fish ad
libidum each day at 10:00-16:00. The daily
water exchange rate was 80%. Water
remained at the constant temperature of
25+1°C. Oxygen varied 6.2-6.5 mg/l, pH 7.82-
8.33, and total alkalinity 250-255 mg CaCOx4l/l.
The feeding trial was conducted for two
months.

The proximate compositions of the diets
and fish fillets were analyzed according to
AOAC (1997) procedures as follows: moisture
was determined by oven-drying at 105°C for
24 h, crude protein (N x 6.25) by the Kjeldahl
method, and crude ash by combustion in a
muffle furnace at 550°C for 16 h. Total lipid
concentration was determined by extract with
the chloroform-methanol method described by
Bligh and Dyer (1959). On completion of the
feeding trial, all fish were starved for 48 h,
killed, and weighed. All fish were dissected to
determine hepatosomatic index values and for
histopathological examination. Liver speci-
mens were manually fixed (4% neutral
buffered formaldehyde) for histology and
embedded in paraffin wax. Sections (5 p)
were cut and mounted on glass slides (Leica)
before staining with Mayers Hematoxylin and
Eosin (H&E). Stained sections were examined
and photographed under a light trinocular
(Olympus BX50) microscope (Takashima and
Hibiya, 1995). Data were statistically analyzed
with one-way ANOVA and Duncan’s multiple
range tests (SPSS for Windows, version
10.01. Chicago, IL).

Results

There were no significant differences in
weight gain, feed conversion ratio, or body
indices among the treatment groups (Table
2). No mortality was observed. From highest
to lowest, liver degeneration (HSI) was: diet
2>6>5>3>4>1 and lipid degradation of the fish
muscles (VSI) was diet 1>2>4>6>3>5, with no
significant differences. There were some sig-
nificant differences in final carcass composi-
tions among groups.

Lipid accumulation as well as microvesic-
ular (foamy degeneration) and macrovesicular
degeneration in the liver were histopathologi-



92 Genc et al.

Table 1. Composition (%) of the experimental diets.

Diet
8.4% 8.4% 8.4% 5.6% 2.8% 4.2%
fish ol soy-acid yellow yellow yellow yellow
oil grease grease grease grease
plus plus plus
2.8% 5.6% 4.2%
soy-acid soy-acid soy-acid
oil oil oil
Diet no. 1 2 3 4 5 6
Fishmeal 28 28 28 28 28 28
Soybean meal 26 26 26 26 26 26
Corn bran 20 20 20 20 20 20
Cotton seed cake 155 155 155 155 155 155
Fish oil1 8.4 - - - - -
Yellow grease2 - 8.4 - 5.6 2.8 4.2
Soy-acid 0il2 - - 8.4 2.8 5.6 4.2
Premix3 1 1 1 1 1 1
DCP 1 1 1 1 1 1
Protein 36.67 36.67 36.67 36.67 36.67 36.67
Lipid 12.36 12.36 12.36 12.36 12.36 12.36

1 Fish oil was obtained from a factory in Sinop, Turkey, that processes anchovies for fishmeal.
2 Yellow grease and soy-acid oil were purchased from a factory in Istanbul that processes the

wastes of different oil sources.

3 Premix (for 1 kg diet): 5,000,000 IU vitamin A; 1,250,000 IU vitamin D; 12,500 mg vitamin E;
1,250 mg vitamin K3; 750 mg vitamin B1; 2,000 mg vitamin By. 15,000 mg niacin; 5,000 mg cal-
pan; 1,750 mg vitamin Bg: 8 mg vitamin B1z; 375 mg folic acid; 25 mg biotin; 50,000 mg vitamin
C; 225,000 mg choline chloride; 12,500 carophyll red; 2,500 mg carophyll yellow; 50,000 mg Mn;
50,000 mg Fe; 50,000 mg Zn; 10,000 mg Cu; 150 mg Co; 800 mg I; 150 mg Se.

cally detected (Fig. 1). Severe hepatic lipido-
sis was especially observed in Diets 2, 3, and
4. Also steatotic cells, large extracellular fat
globules, disruption of the hepatic microcircu-
lation, and hepatocyte abnormalities (cyto-
plasmic clarification) associated with steatosis
were found.

Discussion
Some warm water fish species such as
Tilapia zilli (EI-Sayed and Garling, 1988),
African catfish (Clarias gariepinus; Lim et al.
2001), and sunshine bass (Morone chrysops
X M. saxatilis; Keembiyehetty and Wilson,
1998) efficiently use dietary lipids up to a cer-
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Diet 1 (8.4% fish oil) Diet 4 (5.6% yellow grease plus 2.8% soy-acid oil)

Diet 2 (8.4% soy-acid oil) Diet 5 (2.8% yellow grease plus 5.6% soy-acid oil)

Diet 6 (4.2% yellow grease plus 4.2% soy-acid oil) Diet 3 (8.4% yellow grease)

Fig. 1. Hepatic lipidosis (hepatocellular vacuolization) in Oreochromis niloticus x O. aureus fry stained with
hematoxylin and eosin. L = large lipid droplet, C = capillary, M = microvesicle, N = hepatocyte nucleus, Cl = cyto-
plasmic clarification. Diet 1: diffuse micro and macrovesicular degeneration (x 80); diet 2: diffuse macrovesicu-
lar, centrilobular degeneration, with diffuse microvesicular vacuolar change (x 100); diet 3: fat in macrovesicles
peripheral nuclei, no cellular damage (x 100); diet 4: normal or slightly moderate macro and severe micro vac-
uolization (x 100); diet 5: fat in microvesicles and fine droplet fatty changes (large clear bubbles or vacuoles
within the liver cells; x 100); diet 6: fatty change with macrovesicular fat showing a slight (upper side) predomi-
nance and cytoplasmic clarification (hepatocyte abnormalities) associated with steatosis (x 80).
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tain level. Other authors found that the muscle
lipid content of sea bass and hybrid striped
bass is unaffected by the dietary lipid level
(Peres and Oliva-Teles, 1999; Gaylord and
Gatlin, 2000). The levels of dietary lipids were
equal in all treatments in the present study yet
the muscle lipid contents were higher in diets
1, 2, and 6 than in diets 3, 4, and 5 and than
found in other studies (Samantaray and
Mohanty 1997; Mathis et al., 2003). Thus, a
direct relationship was not found between the
dietary and muscle lipid contents. Slightly
higher percentages of muscle lipid and lipid
accumulation in the liver were detected in soy-
acid oil group, perhaps as a result of different
digestibility of the lipid source.

Nutritional and pathological studies of high
lipid inclusion or nutritional imbalances in fish
diets support our pathological findings (Tacon,
1996; Spisni et al., 1998; Caballero et al.,
1999, 2002; Manera, 2003). In fatty liver, lipid
accumulates in the cytoplasm of hepatocytes
creating large clear vacuolar spaces within the
cells that are visible in H&E stained sections.
The nuclei of such cells are pressed to the
periphery of the cell. These changes occur with
various types of liver degeneration in higher
vertebrates, including the early stages of cir-
rhosis (Erikkson et al., 1986; Bacon et al.,
1999; Reid, 2001). The effects of lipid in the
correct functioning of the Iliver and
possible reversibility are not well understood.
Some authors consider steatosis a physiologi-
cal adaptation to the diet (Segner and Witt,
1990; Caballero et al., 1999) while others
stress the pathological significance of steatosis
(Mosconi-bac 1990) even if necrosis or cellular
damage is not found, arguing that longer peri-
ods of feeding would irreversibly damage the
tissue (Caballero et al., 2004). In the current
study, the lipid level was the same in all treat-
ments yet lipoid degeneration varied. Perhaps
the different lipid sources had different levels of
digestibility and some accumulated more in the
viscera than in the carcass (Murai et al., 1985).

In conclusion, the present study showed
that the inclusion of vegetable oils in pelleted
feeds did not change the growth performance
or feed conversion rate. While inclusion of yel-
low grease or/and soy-acid oil might be desir-

able for economic reasons, the histopatholog-
ical findings show that this is harmful to fish
health. Therefore, it is recommended to con-
tinue using fish oil in feeds for tilapia fry.

Acknowledgements
The authors would like to thank Dr. Mehmet
Gokce (Pathology Department, Turkish Naval
Forces Hospital, Iskenderun, Turkey), R.
Yuce Uyanik (International Trade Department,
Faculty of Applied Disciplines, Bosphorus
University, Istanbul), and Dr. Mustafa Oral
(Faculty of Architecture and Engineering,
Mustafa Kemal University) for their invaluable
assistance. This work was supported in part
by grants from the Scientific Research
Foundation of the Mustafa Kemal University.

References

AOAC, 1997. Official Methods of Analysis of
AOAC International. 16th ed. Association of
Analytical Communities International, Arlington,
VA.

Bacon B., Faravash M., Janney C. and B.
Neuschwander-Tetri, 1999. Non-alcoholic
steatohepatitis. Hepatology, 30:1103-1109.
Barlow S.M. and I.H. Pike, 1999. Aquaculture
feed ingredients in year 2010: Fish meal and
fish oil. pp. 71-74. In: C.E. Nash, V. Julien

(eds.). Report Aquavision 98. Nutreco
Aquaculture,  Skvetting AS, Stavanger,
Norway.

Bligh E.G. and W.J. Dyer. 1959. A rapid

method of total lipid extraction and purifica-
tion. Can. J. Biochem. Physiol., 37:911-917.
Caballero M.J., Lopez-Calero G., Socorro
J., Roo F.J., Izquierdo M.S. and A.J.
Fernandez, 1999. Combined effect of lipid
level and fish meal quality on liver histology of
githead sea bream (Sparus aurata).
Aquaculture, 179:277-290.

Caballero M.J., Obach A., Rosenlund G.,
Montero D., Gisvold M. and M.S. Izquierdo,
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.

Caballero M.J., Izquierdo M.S., Kjorsvik E.,
Fernandez A.J. and G. Rosenlund, 2004.



96 Genc et al.

Histological alterations in the liver of sea
bream, Sparus aurata L., caused by short- or
long-term feeding with vegetable oils. Recovery
of normal morphology after feeding fish oil as
the sole lipid source. J. Fish Dis., 27:531-541.
Canyurt M.A., Erkek R., Sevgican F. and
A.M. Talug, 1991. A study on the possible use
of soapstock in rainbow trout (Oncorhynchus
mykiss) diets as an energy source. pp. 262-
273. In: Fish. Symp. of Ege Univ. November
12-14, Izmir. Ege Univ. Press, Izmir.
Dossanjh B.S., Higgs D.A., Plotnikoff M.D.,
Mcbride J.R., Market J.R. and J.T. Buckley,
1984. Efficacy of canola oil, pork lard and
marine oil singly and in combination as sup-
plemental dietary lipid sources for juvenile
coho salmon (O. kisutch). Aquaculture, 36(4):
333-345.

El-Sayed A.M, and D.L. Garling Jr., 1988.
Carbohydrate-to-lipid ratios for Tilapia zillii fin-
gerlings. Aquaculture, 73:157-163.

Erikkson S., Eriksson K. and L.
Bondesson, 1986. Nonalcoholic steatohep-
atitis in obesity: a reversible condition. Acta
Med Scand., 220:83-88.

Gaylord T.G. and D.M. Gatlin, 2000. Dietary
lipid level but not L-carnitine affects growth
performance of hybrid striped bass (Morone
chrysops x M. saxatilis). Aquaculture, 190:
237-246.

Kaushik S., 2004. A Plant-based Diet for Fish.
INRA Research News, September 2004.
INRA Centre, Bordeaux-Aquitaine. http://www.
inra.fr/Internet/Directions/DIC/PRESSE/sep0
4/gb/nb1.htm.

Keembiyehetty C.N. and R.P. Wilson, 1998.
Effect of water temperature on growth and
nutrient utilization of sunshine bass (Morone
chrysops x M. saxatilis) fed diets containing
different energy/protein ratios. Aquaculture,
166:151-162.

Lim P.K.,, Boey P.L. and W.K. Ng, 2001.
Dietary palm oil level affects growth perfor-
mance, protein retention and tissue vitamin E
concentration of African catfish, Clarias
gariepinus. Aquaculture, 202:101-112.
Manera M., Visciano P., Losito P. and A.
Lanieri, 2003. Farmed fish pathology: Quality
aspects. Vet. Res. Communications, 27
(Suppl. 1):695-698.

Mathis N., Feidt C. and J. Brun-Bellut, 2003
Influence of protein/energy ratio on carcass
quality during the growing period of Eurasian
perch (Perca fluviatilis). Aquaculture, 217:
453-464.

Mosconi-bac N., 1990. Reversibility of artifi-
cial feed-induced hepatocyte disturbances in
cultured juvenile sea bass (Dicentrarchus
labrax): an ultrastructural study. Aquaculture,
88:363-370.

Murai T., Akiyama T., Takeuchi T.,
Watanabe T. and T. Nose, 1985. Effects of
dietary protein and lipid levels on performance
and carcass composition of fingerling carp.
Bull. Jpn. Soc. Sci. Fish., 51:605-608.

Ng W.K., Tee M.C. and P.L. Boey, 2000.
Evaluation of crude palm oil and refined palm
olein as dietary lipids in pelleted feeds for a
tropical bagrid catfish, Mystus nemurus
(C&V). Aquacult. Res., 31:337-347.

Peres H. and A. Oliva-Teles, 1999. Effect of
dietary lipid level on growth performance and
feed utilization by European sea bass juve-
niles (Dicentrarchus labrax). Aquaculture,
179:325-334.

Reid A.E., 2001. Nonalcoholic steatohepati-
tis. Gastroenterology, 121:710-723.
Samantaray K. and S.S. Mohanty, 1997.
Interactions of dietary levels of protein and
energy on fingerling snakehead, Channa stri-
ata. Aquaculture, 156:241-249.

Segner H. and U. Witt, 1990. Weaning
experiments with turbot (Scophthalmus max-
imus): electron microscopic study of liver.
Marine Biol., 105:353-361.

Sevgican F., Ozkan K. and T. Capci, 1986.
Possible uses of soapstock in laying hens
diets as an energy source. Turkish Feed
Industry, 51:27-32.

Spisni E., Tugnoli M., Ponticelli A,
Mordenti T. and V. Tomasi, 1998. Hepatic
steatosis in artificially fed marine teleosts. J.
Fish Dis., 21:177-184

Tacon A.G.J., 1996. Lipid nutritional patholo-
gy in farmed fish. Arch. Anim. Nutr., 49:33-39.
Takashima F. and T. Hibiya, 1995. An Atlas
of Fish Histology Normal and Pathological
Features, 2nd ed. Kodansha Ltd., Tokyo. 195

pp.






