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pROSPECTIVE USES OF FISH OIL IN INDONESIA

Hari Eko Irianto* and Giyatmi**

ABSTRACT

Fish oil in Indonesia

has not been utilized optimally, yet. The fish oil

is obtained from canned fish and fish meal industries. Research Center for

Marine and Fishery Product
conducted studies to improve fish
products. Alkali refining method has

Processir)g and Socio-economic, Jakarta has
oil quality. and to utilize into several
been applied to improve fish oil quality.

In order to increase the omega-3 fatty acids in fish oil, urea inclusion method

is employed

to produce concentrate of omega-3 fatty acids. Acidolysis with

lipase as bio-catalysts is used to obtain triglycerides rich in omega-3 fatty

acids.

Microencapsulation technique of fish oil has been developed to

improve fish oil stability and to widen fish oil use. Fish oil has also been used
to increase omega-3 fatty acid status of canned fish medium, mayonnaise,
fish spread and fish sausage. Fish oil has also been proposed to be used in
the production of other products for food, pharmaceutical, feed, cosmetic and

other non-food purposes.

INTRODUCTION
Fish oil has attracted many scientists,

particularly nutritionists, to reveai its
benefits to health. Many studies have
confirmed that fish oil rich in omega-3 fatty
acids have beneficial influence on the
vascular system. Other studies have shown
that omega-3 fatty acids play an important
role in the development of the central
nervous system and vision from the
moment of conception (Andersen, 1995).
Two main omega-3 fatty acids showing

beneficial  effects  to human are
eicosapentanoic acid (EPA) and
docosahexanoic acid (DHA). EPA can

reduce hearth disease risk. While, DHA
contributes  to  brain and  vision
developments. The awareness of the
beneficial effects of omega-3 fatty acids on
health as well as growth and development
of chidren in Indonesia should be
anticipated.

Omega-3 fatty acid can be consumed
directly from fish and processed fish
products and indirectly from products
enriched with fish oil or processed from fish
oil. Undoubtedly Indonesia has ability to
supply omega-3 fatty acids at least for local
demand. As a maritime country, fishery
resources of Indonesia are very fich and

Indonesia is still capable to fulfill the fish
demand by optimizing exploration.
However, the fish consumption level of
Indonesian is still below the target. To
increase the consumption level, Indonesian
government campaigns to encourage
Indonesian to eat more fish. Omega-3 fatty
acids can also be consumed without
directly eating fish, particularly for those
who do not like fish. Therefore, products
containing omega-3 fatty acids should be
developed to satisfy that consumer group.
Actually, fish oil can be utilized not only for
food purposes, but also for the production
of feed, pharmaceutical, cosmetics and
other non food products.

Fish oil can be categorized into two

types, i.e. body oil and liver oil. Body oil is

processed from the body of fish and
normally known as the source of omega-3
fatty acids. Liver oil is produced from the
liver of fish, such as cod and shark livers.
The liver oil can be used as the source of

squalene and vitamin A

FISH OIL PRODUCTION _
A study conducted by Irianto (1994)

noted that fish oil in Indonesia is produqed
as by-products of fish meal and canned fish

processing.

In fish meal processing, fish oil is

even statistics showed that those oce :

resources have not been explored separated from the _|IqUId phaflf- Ot{tal?_E?‘

optimally. That fact indicates that after pressing. Heating or cooking in s
i

oduct Processing and Socio-Economic, Indonesia

* Researcher at Research Center for Marine and Fishery Pr .
Agricultura] Faculty, Sahid University, Indonesia

** Food Technology Department, ‘///_____,__—————
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meal processing is used to coagula_te_a or
denaturate fish protein to facilitate
mechanical separation of liquid from solid.
Under these conditions, fat cells are _also
ruptured, releasing the oil into the liquid
phase (Bimbo, 1990). The efficient

liberation of water and oil by cooking aqd
pressing - is an important aspect in
producing high quality fish' meal (Beraquet
et al, 1984). Both traditional and
conventional fish meal processors produce
fishoil.

Raw materials used to produce fish
meal are whole fish and fish waste. The
whole fish can be single species and mixed
species. Single fish species is such as oil
sardine (Sardinella lemuru) which is used
for main raw material in fish meal
production in Muncar (East Java) and
Pengambengan (Bali). Oil sardine used in
fish meal production is normally low quality
grade except during the peak season. Fish
canning factories can not absorb all highly
fresh fish, thus some of them go to fish
meal processors. By-catch fish can be
classified as mixed species which can be
used for fish meal production. Fish waste
which is used for fish meal production is
mostly from fish canning activities. In
addition, the waste from fish fillet producers
is also processed into fish meal. Due to
variation of raw material quality, the fish oil
obtained from fish meal processing varies
in quality. Factories using whole fish and
fish waste as raw materials do not
separate the oil in terms of the raw material
used.

Fish canning process releases fish oil
during pre-cooking treatment.  Heating
during pre-cooking induced the release of
some liquid containing water, oil and
protein. Pre-cooking is normally carried out
by steaming the fish for approximately 20
minutes. Indeed, one of the purposes of
the pre-cooking step during fish canning is
to release body lipids if the fish are
excessively oily or if the oil has a very

strong flavour (Warne, 1988). It is known
that when the fish flesh is heated, a
significant proportion of water is released
from the protein. The amount varies,
approximately 17.5% for tuna, 19-34% for
sardine, depending on the endogenous fat
content (Van Den Broek, 1965).  The fish
oil is separated from the liquid through
centrifugation or leaving for sometimes.

Raw material used fOf_rﬂ_sh canning
processing is oil sardine, skipjack and tuna *
which are normally prime quality fish.

Fish oil can also be obtained from
“pindang” (boiled salted fish) processing.
During boiling the fish in brine, fish oil jg
released and floating on the surface of
boiling brine. However, the colour of the
fish oil is very dark which is probably due to
severe oxidation attack. Salt in the brine js
normally containing some metals which can
act as prooxidant accelerating oxidation,
The oil from pindang processing has not
been utilized, but thrown away.

EXPLORATION OF RAW MATERIALS

To explore the prospective fish species
used for raw material in fish oil production,
10 fish are analyzed their proximate
composition (Table 1). Those fish are
yellowstripe trevalley, short-bodied
mackerel, scad, bigeye scad, oil sardine,
hairtail, slender leatherskin, fringescale
sardine, barracuda and ray (Suparno et al,
1997). _

Oil sardine which is currently used as
main raw material for fish processing
industries in Muncar and Pengambengan
has the highest fat content meaning to be
the most potential fish to use as raw
material. However, the fat content of oil
sardine is significantly affected by the
season through the year as shown in
Figure 1. The highest fat content occurred
during the peak season of oil sardine, i.e.
September - December. Setiabudy (1990)

found that the omega-3 fatty acids content
of oil sardine is 25.2%.

FISH OIL QUALITY

Result of chemical and physical
analyses of fish oil collected from fish meal
and canned fish factories in Muncar and
Pengambengan can be seen in Table 2. In
general, the Indonesian fish oil varies
chemically and physically. The quality of
fish oil obtained from canning process is
better compared to the one collected from
fish meal processing. The significant
physical difference between both oils is
their colour, i.e. yellowish orange — dark
brown for fish oil from fish meal factories
and yellow for fish oil from fish canning.
The fish oil collected from canned fish
process had a lower FFA value than the oil
separated from fish meal production.
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proximate composition of 10 Indonesian fish species

Table 1.
Fish Species Moisture Content| Ash Content | Protein Content | Fat Co}tien:t
() (%) (%) (%)
- lowstripe trevalley 77.76 1.38 18.99 147
ghort-bodied mackerel 77.28 1.80 19.17 0.78
scad 76.33 1.71 18.94 1.35
Bigeye scad 76.19 1.69 20.93 1.39
oil sardine 62.36 1.39 14.54 21.29
Hairtail 79.42 1.43 17.24 1.03
Slender leatherskin 76.96 1.48 20.26 0.13
Fringescale sardine 76.43 2.24 - 2043 1.40
Barracuda 77.27 1.54 18.48 0.28
Ray 78.20 1.36 18.70 0.93

Source; Suparno et al (1997)

1817
161
141
121
101

81

H fat conteﬂ

Fat content (%)
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P T U

7 8 9 10 11 12 1 2 3 Month
Figure 1. Fat content changes in oil sardine from month to menth (Suparno et al (1997)

Table 2. Fish oil quality from fish meal and canned fish factories

Product Description Fish Oil From Canning | Fish Oil From Fish Meal
— Process Processing
Free Fatty Acids (as % oleic 0.06 - 1.15 : 0.08 - 55.69
acid) Y (a5 1.4780 = 1.4790 1.4750 — 1.4800
Refractive Index 0.22-0.48 1.34 - 2.56
Absorbance at 490 nm yellow Yellowish orange — dark
Colour brown

Source: Trianto (1992)
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FISH OIL REFINING

Low quality fish oil, particularly from
fish meal processing, can be improved
through refining process. One of refining
methods which can be applied is alkali
refining process as outlined in Figure 2.
Refining process through neutralization
using NaOH significantly reduces the free
fatty acid content of fish oil (Table 3).The
process also improves the colour of fish oil
to be brighter.

Antioxidant should be added to the oil
as early as possible to avoid oxidation,
since heating is applied through the
process, especially during degumming,
neutralization and bleaching. In fact the
alkali refining method is very effective for
improving fish oil quality (lrianto, et al ,
1995).

PRODUCTION OF OMEGA-3 FATTY
ACID CONCENTRATE

Concentrate of omega-3 fatty acids
can be processed through combination of
techniques, such as saponification, solvent
extraction, urea inclusion, molecular
distillation, fractionation distillation, liquid
chromatography and supercritical  fluid
carbon dioxide. Yunizal (1998) develop a
process for the production of omega-3 fatty
acid concentrate by comparing two
methods, i.e. winterization (with and
without solvent) and urea inclusion.
Table 4 shows omega-3 fatty acid content
of the concentrate, in which urea inclusion
method produces the concentrate with the
most significant increase of omega-3 fatty
acid content, particularly DHA. The basic
process of urea inclusion method can be

seen in Figure 3.

\ A4
Crude fish oil q Filtration Degumming

— l

Physical dirt *

Free fatty acids

Hydrogen Peroxide

etc.

| Warm water  Soap
- NaOH
Warm water addition m Soap Separation
- m Neutralization

Bleaching materials

!

v\

Water separation q Bleaching Bleaching agent
removal
Water
Refined fish oil
Figure 2. Alkali refining method for fish oil
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Table 3. Quality changes of fish oil due to alkali refining process

etk
Analysis Parameter Crude Fish Oil Refined Fish Oil \
“Freo fatty Acld (% oleic acids) 3.20 e
peroxide value (meq/kg) 11.76 -
Absorbance value at 490 nm 1132 3455
Surce. Inanto, ef al (1895)
NaOH + Na,EDTA HKeXane + HCl
| Fish Oil | - Saponification - Fatty acid
' P extraction

Urea in methanol

HCI 1 Hexane
4 | ¥

Filtration II _ itrati Urea
Filtration I _ Crystallization

Evaporation Concentrate of
5 m Omega-3 FA

Figure 3. Flow chart of the processing method of omega-3 fatty acid concentrate

Table 4. Omega-3 fatty acid content of the concentrate of omega-3 fatty acids

Quality Winterization Without | Winterization With Urea Inclusion
Specification Solvent Solvent
Fish oil | Fish oil from | Fish oil | Fish ol | Fish oil from Fish il
from fish meal from |[fromfish| canning from fish
canning canning | meal meal
Omega-3 FA (%) [ 34.8 33.5 443 | 413 | 783 79.4
EPA (%) 17.7 16.7 229 | 251 14.0 211
DHA (%) 15.9 13.9 199 | 147 59.8 48.2

Source: Yunizal (1998)
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PRODUCTION OF TRIGLYCERIDES
RICH IN OMEGA-3 FATTY ACIDS '

Fatty acids are more stable In
triglyceride forms compared in (ree fatty
acid forms. However, triglycerides are
constructed by various fatty acids.
Therefore, if consumption of glycerides
rich in omega-3 fatty acids is demanc_igd.
modification of fatty acid composition
should be carried out. One of the m'etho'd
for the production of triglycerides rich in
omega-3 fatty acids is through acidolysis
using enzymes as bio-catalyst.

Elisabeth (1997). used four microbial
lipases for incorporating EPA and DHA into
triglycerides of tuna oil. Those enzymes
are Rizomucor miehei lipase, Candida
Antarctica lipase, Chromobacterium
viscosum lipase and Pseudomonas sp
lipase. C. antarctica lipase is found as the
most prospective enzyme to use in
acidolysis process for the production of
triglycerides rich in omega-3 fatty acids

MICROENCAPSULATION OF FISH OIL
Microencapsulation is a technique to
improve the stability of fish oil and to

production. Yunizal et al (1998) d.eveIOp a
method to microencapsulate fish ol (Figure
5). The technique is actually simple, in
which fish oil Is firstly emulsified with
encapsulant and antioxidant. The mixture
is then spray dried. Encapsulants which
can probably be used are gelatin,
caseinate, maltodextrin, arabic gum,
soybean protein isolate, whey protein
isolate, and acacia gum (Lin et al, 1995;
Kim and “Morr, 1996; Dian et al, 1996).

Yunizal et al (1998) used soybean
protein isolate and arabic gum as
encapsulating material with the fish oil and
encapsulant ratio of 1:1. Recovery and
efficiency levels of the process are 19.28%
and 68.78% respectively. Meanwhile
microcapsule diameter is 0.334 mm. The
product can be used in infant formula, baby
food, soup, fruitvhealth bar, bread and
biscuit.

OTHER USES OF FISH OIL

Some studies to explore the
prospective utilization of fish oil have been
carried out by Research Center for Marine
and Fishery Product Processing and Socio-

expand the fish oil utilizaton. The economic, Jakarta. The products which
technique has been applied in vitamine have been studied their possibilities to be
Al B Al Al Al
A2 T T A2 T A2 LA + A2
Lipases
A3 A3 A3 A3 A3
Triglyceride Fatty acids Modified Triglycerides Fatty acids

Figure 4. Acidolysis of triglycerides with lipases as a bio-catalyst

FISH OIL

HOMOGENIZATION

ENCAPSULANT

i

FISH OIL FL@

Figure 5. Processing method of microencapsulated fish oil
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incorporated with fish oil are canned fish
medium (Irianto, 2000, Irianto et al, 1987),
sausage (Irianto et al, 1996) , mayonnaise
(Irianto ot al. 1996) and fish spread (Irianto
ot al, 1997). Fish oil leveis which can be
added into tomato sauce and vegetable oil
medium are 18% and 60% respectively. In
addition, the levels of fish oil which can be
ut into sausage, mayonnaise and fish
spread are 7, 15 and 60%.
Other prospective utilization of fish oil

is as follows:

FOODS: margarine, table spread,
shortening, pastry fat, frying oil, biscuit
filling, salad oil, and emulsifier

FEEDS: fish/shrimp and poultry feeds
COSMETICS: hand lotion

OTHERS: fatty acids and derivates,
soap/detergent, tanning fat, protective
coating, lubricants, plastics,

pesticide/fungicide, polyurethane foam

DEVELOPMENT OF FISH OIL INDUSTRY

So far, fish oil in Indonesia is a by-
product of other fish processing activities.
To obtain good quality fish oil, the fish oil
should be processed from good quality raw
material.  The first alternative of the
development of fish oil industry proposes
that fish oil extraction and refining activities

:-.é.dg... artae :
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FiQUfe 7. The second alternative of the development of fish oil industry

——

Proceeding of International Seminar on Marine and Fishenes

263

Scanned with CamScanner




should be carried out in one place, in order
to reduce deterioration risks due to
oxidation (Figure 6). Refining should be
performed as soon as possible aﬂer
extraction. Antioxidants are added during
refining process to inhibit oxidation atta_ck
during storage and further processes prior
to be utilized for food, pharmaceutical,
cosmetics and non-food products.  This
alternative is suitable for the development
of new industry, but the development
based on the existing condition can use the
second alternative (Figure 7).

In the second alternative, the fish oil
produced by conventional and traditional
industries are suggested to be sold to a fish
oil collector. The collector is proposed to
do refining activity. The refined oil
undergoes the same pattern as received by
the first alternative.

CONCLUSIONS

Fish oil in Indonesia has non received
a proper attention and regarded as waste.
The quality of fish oil varies due to
differences in raw material used and
processing industries producing fish oil.
The fish oil quality can be improved
through alkali refining. Refined fish oil can
be used for the production of various
prospective  products, such as food,
pharmaceutical, cosmetics, feed and other
non-human consumption products.
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