Predicted to be the most abundant
vegetableoil inthefuture, pam ail
hasthe potential to be asustainable
aternativetofishoil inaguafeeds.
Theoail isarich source of natural
pigmentsand antioxidantsand
offersmany advantagesfor feed
applications.
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Research on the use of palm ail in fish diets has shown
encouraging results. Studies by the Fish Nutrition Laboratory of
Universiti Sains Malaysia have shown that palm oil can replace
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1. Reduces Feed Rancidity and Oil
Leakage

Conventional vegetable oils are highly susceptible to attack
by atmospheric oxygen resulting in rancidity. The low concentra-
tions of polyunsaturated fatty acids (PUFA) in pam oil giveit
exceptional resistance to oxidation. Together with the protective
effects of potent natural antioxidants (carotenoids and vitamin E)
present in palm oil, the incidence of feed rancidity should be
substantially reduced when palm oil is used in salmon feeds.
Aquafeeds containing palm oil can therefore be stored longer
while maintaining freshness and palatability.

Theinclusion of palm oil aso reduces theincidence of ail
leakage common in high lipid diets (Figure 1). Thisisbecause
palm oil has a higher melting point compared to other vegetable
oilsand fish oils. Consequently, migration of lipidsto the pellet
surface that causes loss of valuable nutrients, and staining of
packaging materials and feed equipment is reduced.

Fig 1. Extruded Atlantic salmon feeds placed on absorbent tissue paper

(left) and the resultant oil stains after 10 minutes (right). A = fish oil/palm

oil, 50:50; B = fish oil/palm oil/rapeseed oil, 50:25:25; C = fish oil/palm
oil/rapeseed oil, 50:10:40.
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2. Superior Energy Source

Palm ail isasuperior source of dietary energy. In vitro
studies done in fish suggest that saturated and monounsaturated
fatty acids are preferred over PUFA as a substrate for mitochon-
drial B-oxidation. Palm oil contains an abundant supply of
saturates (48%) and monoenes (42%). Studies donein our lab
have shown the protein sparing effect of palm oil in catfish diets
and asimilar situation probably existsfor salmonids.

3. Improved Fillet Quality

While most vegetable oils contain almost exclusively
tocopherols, palm ail is unique because tocotrienols represent
about 80% of the vitamin E content. We have recently shown
that the deposition of palm vitamin E in thefillets of tilapiafed a
tocotrienol-rich fraction extracted from palm oil imparts higher
oxidative stability compared to the fillets of fish fed diets supple-
mented with equivalent levels of dietary synthetic a-tocopherol
acetate. Thiswould translate to longer shelf life for seafood
products. The deposition of tocotrienolsin fish fillets a so adds
value to the product, especialy if eaten raw as sashimi, since the
potential health benefits of tocotrienolsin the human diet may
include beneficial effects on the prevention of cardiovascular
diseases and cancer. It may also increase the market value and
consumer acceptance of salmon steaks in which pigmentationisa
quality parameter. Thepotential accumulation of palm vitamin E
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in salmon flesh would slow down the oxidation of these pigments
thereby maintaining coloration for longer periods. Further
research is being planned along these lines.

4. Beneficial to Fish and
Consumers’ Health

It is speculated that feeding high levels of PUFA-rich oils
leads to increased oxidative stress for the fish and result in
pathological conditions. Palm oil whichislow in PUFA and high
in antioxidants, therefore, offers opportunities to produce high-
energy diets without the damaging side effects of increased lipid
radicals.

A mgjor dietary change that has caused significant concern
to human nutritionistsisthe increase in the intake of omega-6
fatty acidsrelative to the omega-3 fatty acids. Omega-3 to omega-
6 ratiovariesfrom 1:2.5 for Eskimos on afish-based diet to 1:20
for modern dietsrich in vegetable oils. Eskimoswho rely on their
traditional dietsarerelatively free of degenerative diseases
common to urban dwellers. Since human diets already have too
much omega-6 PUFA, agood fish ail substitute should limit the
deposition of thesefatty acidsin fishfillets. Palm oil is superior
to most conventional vegetable oils in this respect asit has low
levelsof omega-6 PUFA.

Constraints in the Use of Palm Oil
In Feeds for Salmonids

1. Low level of Omega-3 Fatty Acids

Palm oil does not contain omega-3 highly unsaturated fatty
acids (HUFA), which are reguired by salmonids and known to be
beneficial to human health. Consequently, palm oil in salmonid
diets should be formulated in conjunction with HUFA sources
such asfish oil and fishmeal to assure that minimal HUFA
requirementsare met.

Theuse of high levelsof palm oil in salmonid dietswill
decrease the concentrations of beneficial omega-3 HUFA in fish
fillets destined for the human consumer. One strategy that can be
used to normalizetheflesh levelsof beneficial omega-3HUFA is
to revert back to afish oil-based diet at an appropriate time before
harvest. Thisfeeding strategy will allow the use of higher levels
of palm oil in salmonid diets for the major part of the grow-out
phase thus providing cost savings without significantly altering
the health benefits of the resultant fish fillet in the human diet.

2. Lowered Digestibility in Cold
Weather

Low water temperatures during the winter season appear to
reduce lipid and fatty acid digestibility in rainbow trout and
Atlantic salmon fed high levelsof dietary pam oil (Figure 2).
Nevertheless, growth performance was not compromised even at
100% replacement of fish ail. Thereduced lipid digestibility was
due in part to the increasing resistance of dietary triglyceridesto
digestion with decreasing water temperatures. Future research
plansinclude thetesting of emulsifiers and palm free fatty acids
to facilitate absorption of the il at low water temperatures.
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Fig2. Changes in apparent lipid digestibility in Atlantic salmon at various
water temperatures and fed diets supplemented with different levels of
crude palm oil.
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Conclusion

The expansion of oil palm cultivation in Malaysiaand other
tropical countries offers the possibility of a cost effective and
sustainable aternativeto fish oil in salmonid feeds. Palm ail
offers several advantages that outweigh a few disadvantagesin
its application as a lipid source in aqua feeds. Further laboratory
and commercial-scale studiesare planned to fully exploit palm oil
asadietary lipid sourcein aguafeeds.
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Table. Fatty acids, vitamin E and carotenoids of Malaysian crude palm
oil

Chemica .
characteristics

Range of values

Fatty acid composition (%)

120 0.1-10
140 09-15
160 41.8-46.8
161 0.1-03
180 42-51
181 37.3-40.8
18:2n6 9.1-110
18:3w3 0.05-0.6
200 0.2-0.7
Vitamin E (mg/kg) 600—1000
Tocopherols 20%
Tocotrienols 80%
Carotenoids (mg/kg) 500—-700
a-carotene 36%
b-carotene 54%
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Recent Research Publications
on Fish Oil Alternatives

Total replacement of fish oil by soybean or linseed oil with a
returntofish ail inturbot (Psettamaxima) - 1. Growth perfor -
mance, flesh fatty acid profile, and lipid metabolism. C. Regogt, J
Arzdl, et al. 2003. Aquaculture217:465-482.

(Corresponding author e-mail: kaushik@st-pee.inra.fr)

The study investigated the replacement of fish oil by
vegetable oils and the effects of awashout with areturn to fish
oil on growth performances and lipid metabolism. Three diets
withidentical protein and lipid levelswereformulated containing
either 9% of added fish oil (FO), soybean il (SO), or linseed ail
(LO). Each diet wasfed to marketable size turbot for 13 weeks.
After that all groupswerefed with FO diet for 8 weeks. The
inclusion of vegetable oilsin the dietsresulted in aslight
decrease in growth compared to those fed with fish oil-based
diet. Feed conversion and body composition were not affected
by dietary lipid sources. Fatty acid composition of liver and
muscles reflected the dietary fatty acid composition. Fish fed SO
diet wererichin 18:2w6 (linoleic acid). Fishfed LO diet wererich
in 18:3w3 (linolenic acid). Fishfed thevegetable oilshad lower
levelsof 20:5w3 (EPA) and 22:6w3 (DHA) when compared to
those fed with FO. The fatty acid composition of fish fed previ-
oudly with SO and LO dietswas still different to that of fish fed
with FO diet even after being on FO-based dietsfor 8 weeks. The
levelsof 18:2w6 and 18:3w3 declined after thetransfer, but still
higher than those of fish fed with FO diet. The study demon-
strated that replacement of fish oil by vegetable oilsis possible
with negligibleimpact on growth performance of turbot, however,
aduration of 8 weeks of feeding with fish oil is not sufficient to
restore the fatty acid profile of turbot back to that of fish fed with
fishoil for 19 weeks.

Total replacement of fish oil by soybean or linseed oil with a
returntofish oil in Turbot (Psettamaxima) - 2. Flesh quality
properties. C. Regost, J. Arzd, et a. 2003. Aquaculture220:737-
747

(Corresponding author e-mail: kaushik@st-pee.inrafr)

This study evaluated the flesh quality of fish produced
from the previous study (see above). It found that the inclusion
of vegetable oils did not affect the gutted and fillet yields.
However, the sensory qualities, notably odor, color and texture
were influenced by the oils. The dorsal fillet of the turbot fed soy
oil had amore pronounced potatoes odor and alower fat texture.
However, these differences disappeared after the washout period,
demonstrating that sensory properties due to the intake of
vegetable oils can be reduced with areturn to afish-oil-based
diet.

Continued on page.15

Questionsonfishoil replacement?

A New Section to be Launched

We will shortly be launching a section to answer technical
guestions from the readers. Questions sent by readers will
be directed to expertsin the appropriate area and answers
will be published in the section. Please send your ques-

tionsto victor @feedware.com.
Editor




