DEPARTMENT OF CHEMICAL ENGINEERING

FEDERAL UNIVERSITY OF TECHNOLOGY
MINNA NIGER STATE, NIGERIA

BOSSO CAMPUS




EXTRACTI'ON AND EVALUATION OF OIL

' FROM FIVE DIFFERENT SPECIES OF FISHES

GODWIN JANET

(99/8180EH)

C'T SUBMITTED TO THE DEPARTMENT OF CHEMICAL

APROJE
NGINGERING IN PARTIAL FULFILLMENT OF THE REQUIREMENT FOR
THE AWARD OF THE BACHELOR OF ENGINEERING (B. ENG)
FEDERAL UNIVERSITY OF TECHNOLOGY

MINNA, NIGER STATE, NIGERIA

NOVEMBER 2005




DECLARATION
| hereby declare that this project work was wholly carried out by Godwin Jariet

\der the supervision of Kngr. M Alhassan owning to the tact that this work is original

All other sources of information from published

d has hever been submitted anywhere.

orks and past projects are duly acknowledged as a means of reterence.




CERTIFICATION v | |

This is to certify that, this project titled -—Extracﬁon and Evaluation of Fish Oil form

'ive Species of Fish has been supervised, tead and approved as ineeting the requirements
bf the Department of Chemical Engineering School of Engineefing and Engineering

rechnology, Federal University of Techno}ogy, Minna for the Award of Bachelor

Degree i chemical Engineering (B.ENG).

| PROJECT SUPERVISOR | DATE

| (ENGR. M. ALHASSAN)

HEAD OF DEPARTMENT
(DR. F. ABERUAGBA)

DATE

EXTERNAL SUPERVISOR



" DEDICATION | ,-
This project work is highly dedicated to the Almighty God my maker who gave me

fe and saw me through the rigors of the discipline. To Him be all Praise and Honor.




ACKNOWLEDGEMENT
May all unending praise be given to the “1 am that | am” The Lion ot the tribe of

Hah, who gave me life to see to this stage of writing my own project however it was,

not all that started with us, saw this stage.
My sincere and unreserved appreciation to my darling parents, Mi.& Mrs. Godwin

nagor who sacriticed a lot to send me to school despite all odds, Nne m ha Nna m dalu

1 sooo!!!!
would like to specially acknowledge and appreciate my able supervisor Engr M

\Jhassan who tolerated vmy excesses and never tailed to give his brotherly

bncouragement and constructive criticisms. 1 remain loyal Sir.

My heattily regards go to my lovely sisters and brother: jteoma, Chichi, Njide,

Ndidi, Uche and Nnenne. My profound gratitude goes to all the statf of Chemical
Engineering Department, Dr. Salihu and Mr. Ndama of Fishery Department (FUT
Minina) and also to the staft of Chemistry Department, who helped me in the analysis..

| will not forget to appreciate my caritig and indomitable comirades; Ochege

josua(a.k.a Prot,), Chimere Ndukuba,Bashir Jinad and Isikaku lnnocent who provided

a sihou'lderr'to jearn on during the trial times, 1 will always appreciate.

Finally, an unequivocal respects to all my triends out there; Blessing Onu, Ben K.C,

Michaei C.A, McDonald Ehiwe and Ogu Martin Diala (a.k.a Tiko) and the host of others

too numerous to mention for their support during the course of this project. God’s

blessings oil Y(ju all. Amen.




'ABSTRACT
The production/xtraction, purification and the evaluation of tish oil were carried out

ng soxhlet apparatiis and n-Hexane as the solvent of extraction. The extraction was

ne at constant temperature. Five ditterent species of tishes were used tor the

periment. krom the result of the extraction, it was observed that the tish A
lormyrups deliciousus) and fish & (shawa) have a good percentage ot oil content atter
L iraction which is 30.22%. and 24.02% of its dry mass respectively, when compa'red to
e pe"rcentéige oil content in the other fish samples used in the ex'p‘eriinent. Also the
\dine value falls within the specitication of the standard value showing that fish oil is a
bood cure for goiter and other ailments which were enumerated-in the literature Teview.

1 \ |l other physical and chemical analysis carried out on the oil samples were within

specitication, except for the saponitication value.

o
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. CHAPTER ONE
INTRODUCTION
Fish oil is the lipid fraction extracted from fish and fish by-products. Presently, the

Nuction of fish oil is becoming more dernanding as there is ’a sizeable and growing world

et demand for high quality fish oils. Apart from its \;arious uses as consumable oils, it is

appreciable in both pharmaceuticals and industries.

Howéver, the‘ most frequently used tebhniqu’e in fish oil extraction are fractionation by
h speed configurations, low temperature.sblvent extraction, superﬁciql fluid extraction etc.

whﬁe solvent extraction was employed during this research. This is because solvent
action is ofie of the most efficient method of extraction from all oil bearing materials
ause the solveﬁt can be easily recovered and recycled and it reduces the residual oil in the
earin,g substance to less than 1% that is in a case, where the right solvent is chosen for thé
action process so care must be taken in this selection process nof to select a solvent which

be poisonous to the oil extracted.
Pré;ctically, all fish species as well as other marine animals may be converted into fish oil

meal. The composition ‘and quality of these fish species are predominant factors in
rmining the properties and yield of the products (FAO, 1986). The quality and freshness of
raw material is‘ the factor of great Vimportahce in preparation of premium quality fish oil
fish meal (Isabel, 2002). Enzy'rriatic and bacteriology activity in the fish and fish products
rapidly increase, which in turn can substantially decreases the content and quality of the

tein and oil as protein decomposes to amines and ammonia, and .both reduce the protein
ue and recovery.

Fish oil is different from other oils mainly because of the unique variety of fatty acids it
tains iﬁcluding high fevel uﬁsaturafed fatty acid which is essential to the body. This is

own as the eicosapenta‘enoic’ acid (EPA) and the docosahexaenoic acid (DHA). The market

liquid fish oil for human consumption can be applied in area of pharmaceutical, healthy

d compounds and commodity for the food industry.




OBJECTIVE

x ithough work has been done on fish oil production but literature has shown that little or

otk has been done in terms of characterizing and comparing of oil products from different

es of fish. It is therefore the aim of the research to:

Extract the fish oil from a number of fresh water fishes and a marine fish.

Evaluate, refine and characterize the extracted oil.

Recommending ty

pes of fish with high nutritional and medicinal value.
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CHAPTER TWO
LITERAURE REVIEW

Brief HistOry of Fishes Used

lishes are creatures that live and breathe in water. They use their gills to breathe; have

nd a streamlined body suitable for swimming, some have scales for protection.
bver, fishes are vertebrates ( i .e. animals with a Backbone).
here are over 25000 different types of fishes in the world and numerous others yet to
ver. Five different types of ﬁsheé were used for this project of which four are fresh water
and one marine fish. The fish samples are number A to E and their distinctive features
also enuinerated. |
Samiple A:
Species’: Morinyrops deliciousus - (Leach, 1818)
Synonyms: Mormyrops_angulloides (Linnaéus, 1758)

Common riame: Mormyrids or Trunk fish.

® Distinctive Features
Dorsal Fin rays 2728
Anal finrays 37 _ 45
Lateral line scales 84— 98

There are inore than 24 teeth occur on each jaw

Colour its yellowish grey generally
Size can grow up to 3 meters inylength with a weight of about 6kg.
3 ECOLOGICAL NOTE
I_nhab'its swamps, rivers and lakes
It is a bottom dweller.
It has electric organs, therefore it can discharge electric current to Paralyze its ﬁrey and
Protect it fr(;m enemies..

Commonly encountered at night




| Utilization

B

a nice tasty flesh and is eaten by many people.
Sample B:
Species: Bagrus docmac niger Daget (1954)
Syhoryms: Bagrus Doemak
kCommon name: Silver cat fish
Distinctive features
Head short and wide (1.1 to 1.3) longer in length than in width.
Dorsal fin with g brdnched rays short or non filamentous
Pel\_(ic fins inserted under the last dorsal ray
- Upper and lower loses of caudal fin prolonged into filaments.
Color: Grey on fhe back and white on the belly |
Size: A standard length of 60cm with a weight of 4kg. This ﬁsh can grow up toa
th of 1m with weight of 12.5kg
) Utilization
The flesh is 6f high quality, g’réatly prized and c‘onsumed“ by maﬁy people.
It can be tised to control tilapia population when cultmied together
It fives in ponds and its growth rate is satisfaétory and therefore good for culture in
ponds.
0 Sampié C:
Species: Tilapia dagati (thys van de Audenande, 1971)
Synonyms: Tilapia melanopleura thys van de (Dumeril, 1859)

Common name: Chichilid (Tilapia)




13.1 Distinctive features
o 12 lower part of first gill arch

) Gills rakers with 8 t

(i) Pelﬁs fin reduces the original of and fin

(i) Pectoral fin almost reaching the original and anal fin.

(iv) Caudal fin with a straight margin.

or lateral line with 18 to 17 scales which the icm lateral line

Yo
REREA

() Lateralline scales, upp
11to 16

4.2 Ecological notes

(i)  Inhabits streams, river, and lakes with sandy bottom

(i1) Tt prefers deep water always avoiding shallow water and green vegetation.

fiii) It is common during the dry season.
3.3 Utilization
(i) Human food. The flesh taste very good and is eaten by many people.

(i) Tthaslow sodiuin content and therefore a good diet for patients suffering from heart

failures.

(i) Itisgood aqﬁaculture,

2.4,0 Sample D:

Species: Clarias aniguilloris (Linnaeus, 1758)

.. Synonymes: Clarias Senegatensis (Valenciennes, 1840)

1,
Byt

Common name: Catfish (mud fish)
2.4.1 Distinctive features
1. Body roughly cylindrical.

2. Head highly depressed and long

3 Pectoral Spine semated out only

4. Secondary lateral {ines bones regular in arrangement.

5 Colouf: Black — brown to greenish, belly ( dirty-white).

6. Caudal fish may be marked with few muimbers of black sports.




3 ¢m and a weight of 1.33kg has been

7. Size: A specimen with a standard length of 52

recorded. --
4.2 Utilization: The flesh is very tasty and nice.

5.0 SamplegXitus, A marine Of frozen type of fish.

1 Distiictive features

1. Ttisusually strzﬁght with strip of line, on the body.

5 It has a grey belly.

3. Colgur: Grey — black

5.2 Ecological notes

1. Ttis usually found in marine water.

"2 Ttis abundance because of its high rate of reproduction

) 5.3 Utilization

Very tasty fish eaten by many people and rapidly available and affordable.

Fish can be-found in almost every type of under water environment, for example the

ntarctic ice fish can survive in water below the freezing point ( 32°F) because their blood

ontains special anti-freezing chemicals to prevent their body from freezing, Sharks, Salmons,
lectric eels and seahorses are other examples of fish. Fish is a source of protein and

Tbroteinous food, are body building foods. Fish oil is the lipid fraction extracted from fish as

fish by-products. Apart from the benefit derived from the consumption of fishes, there are
numerous other benefit to be derived from the consumption of fishes due to its high nutritional

content.

The production of fish oil started long ago since the 19" ¢entury in Northern Furope and North

American, where they utilized the non-edible fishes and other fish by-products to produce oil

use in leather tanning and in the production of soap and glycerol (Windstor, 1971).

Lately, the production of fish oil is becoming more demanding as there is a sizeable and

growing world market demands for fish oils.

eparation of

' The quality and freshness of the raw materials are factors of great importance in pr

quality fish oil and fish meal. The best oil are those that contain the essential fatty acids and




ey incl‘udé polyunsaturated fatty acid which is divided into two families; the omega-6 EFAs
d the Omega 3 EFAs however, food that contains Omega 3s has more benefits to man.
bish oil finds many applicatibn in the food and technical industries as it has good economic

nportant to both the producer and the consumers.

Sepatation or extraction of lipid/oil from fish is a unit operation, which is concerned with
'»hoSe sepatation processes that depend upon differences in physical properties, rafhe‘r than
hemical behavior, such procgsées depend either upon the difference in composition of phases -
at equilibriuin of upon diffe;ence in the rate of mass tranisfer of constituents of a mixture.

However, when faced with problem of separation of components out of a homogenous

nixtﬁre, the engineer utilizes differences in the properties of the constituents of the mixture to
effect separation. The various chemicél and physical properties of tﬁe constituents of the
‘ ixture.are exa'rhined to determine which propefties offer the greatest difference in property
ill generally permit an easier and more economical Sebaration. |

When two ‘phases of different composition are brought into contact; a transfer of
Scomponent may occur from one phase to the other, and vice versa. This is the physical case of
non transfer operation and if the 2-phase is allowed to reﬁ”nain in contact for a sufficient time,
: they will reach an equilib‘rium condition where there is no further net transfer 6f components
"be'tween phases. In this case, sepatation is éaid to have been completed‘ and this is what is
observed. The lipid is separated from the sample which is the fish using thé Soxhlet appé‘ratus
or the same continuouSsleeﬁt extractor. In Soxhlet metilod, a sample is oven dried, grind into
small ﬁarticies and placed in ba porous thimble. The thimble is placed in an extraction chamber
which is suspended above a flask containing the solvent and below a condenser.

The flask is heatéd and the solvent evaporates and moves up inio thecon&ense'r where it is
converted into a liquid that trickles into the extraction chamber containing the samples.

- Eventually, the solvent build up in the extraction chamber and completely surrounds the
sample. The extraction chambier is designed sﬁch that when the solvent surrounding the

sample exceeds a certain level it overflow and trickles back down into the boiling flask.




s the sol§‘ent passes througil the sample, it extends the lipids and carries them back into the
ask. The lipids then remain in the flask because of this low volatility, .at the end of extraction
rocess which typically lasts for an hour, the flask containing the soivent and the lipid is
emoved, the solvent is evaporaied and the mass of the lipid remaining is measured. The
oxhlet method of extraction is batch operation method of eﬁtrac’tion because a bitch operation
Imost the entire cyﬁle is a start-up transient and a shutdown transient.
! ‘

6 Fish Oil Coimposition (Lipids)

Fish oil is very similar to one ahét’her in their physical nature. A whole fish consists of
rotein, faf, Ash and water irresﬁectiize of the species however, those composition are greatly

nfluenced by seasonal changes due to the nature cycle, maturity stage, geographical location,

eeding habit etc. because the more a fish éats the éreater the oil and cher chemical
 composition. Most fish ol in general is more complex than land animal oils or vegetable oils
fue to the long chain unsaturated fatty acids. Tt is generally believed that fish oil odor is due to
the unsaturated fatty acids, since hydrogenation causes the oil to lose their color but fish
éi\ught in colder water have a higher degree of instauration than that caught in warm wéter,

The. lipicis is the edible part of fish and is important to the food scientist in two respects firstly
any oil deposits noticeably influence the sensation of the cooked flesh and Secondiy has some
fnedical, apblica'tions. Fish oil deteriorates very rapidly due to the natural lipase and bacterial in
thé fat. Both of these hydrolyze fat to free fatty acids. The condition of the fish at the time of
processing affects the oil. physically, chemically, and nutritior’lal'ly. Fish of poor quality yields
rrialodérou’s oil with high contents of free fatty acidé and sulphur. These undesirable properties.

affect the economic values and the application of the oil.

2.6.1 Processillg and packaging.

The processing and packaging of the ‘ﬁsh oil are crucial in detérmining its quality. Low
quality oils may be quite unstable and contain signiﬁcém amounts of mercury, pesticides ‘ahd
undesirable oxidation products. High quality oils are stabilized with adequate amounts of
Vitamin E and are packaged in iﬁdustx{ial( foil pouches or other packaging resistive to light and




t at the University of Minnesota find that

oxygen. Some very recent tesearches carried ou

emulsified fish oil is much better absorbed than the straight oil in gelatin capsules.

2.6.2 ~ Solvent Extraction as the Extraction Method Employed

Solvent extraction, which is also referred to as leaching is a process where by soluble

d is removed from a sold or from a liquid by the

constituents present either as a solid or liqui
 use of solvents (Richard and Coulson 1993).

1 fact, solvent extraction technique is one of :the most commonly used method of

separating the lipid components in food sample from water soluble components such as

protein, carbohydrate and mineral. For a successful extraction of oil, the sample needs to

undergo specific preparation prior to solvent extraction.

Drying Samples: Sainples are expected to be dried so as to enhance easy penetration of the

“solvent for effective separation.
be finely divided

Sample Size Reduction: In addition to drying the sample, it is expected to

by grinding for high rate of extraction.

2.6.3 Solvent selection
Another ifportant factor to be considered is the solvent selection. T he ideal solvent for

lipid selection would completely extract all the lipid components from oil bearing food

samples, while leaving all the other compounds behind.

Generally, the solvent should be inexpensive and readily available with a relatively low

boiling point so that it can be recovered or removed by, evaporation. It should also be non-

toxic to the oil produced and non-flammable (fo'r safety reasons).

The extraction process involves contacting and extraction, solvent recovery and waste

disposal.

2.6.4 Factors to be cons‘idered in solvent selectioni

In making any choice of solvent for extraction, the following factors are to be

‘considered:
(i) . Density: There should be a wide difference in the density of the solvent and oil to be

extracted for proper continuous extraction process.




i) Hig-h purity: The solvent selected should be highly pure so as not to contaminate the

=

il produced, also it should be non-toxic.
ii). Chemical reactivity: There should be stable chemical reaction between the solveit
1id the oil extrz;cted and non reactive neither with the containing vessel ‘no‘r with the extraction
stem. |
iiv) Inﬂalﬁmaﬁle: Must be inflammable during handling. Flammability is the measure of
e edse ;Ni'th which a solvent catches fire. Generally, all liquid with fldsh point belbw 32.2°C
applicable.

2v)  Colour: Solvent colour should not affect the oil produced and should be different from

i) Recoverability: There should be a high recovery of the solvent used for reéy’cli'ng if
bossible and evapbration‘

vii)  Viscosity: Viscosity is defined as the resistarice of flow as it decreases with

Lvaporation and vapor pressure solvent chosen should have sufficiently low viscosity and low

freezing point as order to circulate freely.

70 REFINING OF FISH oIL

| Refining may defined as the removal of free fatty acids fr‘om oil by the action of high
emperatufe? high vacuum and live steam. This can also be called steam refining. |

Refining oils involved generally the fv’ol‘l’owing processes degumming, neutralization and
decolorization. All crude oils and fats which are used for edible purposes contain non-
‘rigiycefide suBstances. These substances detract from the acceptability of the oils or fat as
food stuff, because of the flavor or colour which they gi§e to the oil or because they reduce its
tability or shelf life. The pierosé of refining is to remove the undesirable componeﬁfs 0 as to
achieve a rational speciﬁcation whilst retaining the desirable features.l Fish oils contain
Isignificant qualities of polyunsaturated faﬁy acids having three or more doublg bonds in the
atty acid’c—hainl These fatty acids are mainly combined with glycerol forming the triglyceride
? of the natural oil. The polyqnsaturated fatty acids are high susceptible to oxidation giving rise

o the rapid production of compoﬁn’d, resp’oﬁsible for fresh smell and taste of the oil.

10




Fish oil refining is achieved through the following steps: degumming, neutralization,

bleaching and decolorizing. iPhosphohplds are removed by degumming, free fatty acids (FFA)

Lre precipitated as soaps and removed during the neutralization process. Bleaching clay

Rbsorbs pigments from oil and oxidized compoimds can be removed by . decolorization.
ISFOS) (School of Fisheries and Ocean Sciences). Refined oils are clear, odorless and less

armful than unrefined onls and are more suitable for high temperature cooking. All

igerator or the freezer.

bolyunsaturated oils should be stored in the refii

71 Hydrogenation of fish oil
y stable for the production of salad oils,

To produce fish oil which are satisfactoril

nargarines and shottenings its necessary to hydrogenate the oil.

Hytirogenation involves the addition of double bonds of unsaturated acids in the molecules of -

the otl The addition of this hydrogen changes the properties of the fatty acids and also the

broperties and physical behavror of the oil. The chemical reaction is carried out be reacting the

oil with gaseous hydrogen at elevated temp and pressure in the presence of a catalyst usually

hickel. This process is also known as hardening
1.8.0 Oil Constituerits

Polyunsaturated fats contains large amounts of polyunsaturated fatty acids (PUFAs)

; polyu‘nsat'u‘rated fatty acids are so named because, due to the presence of two or more dou”ble.

Mbonds, there are:places along the, carbon chain where the fatty acids is not “saturated” w1th

uids at room temperature and polyunsaturated are

hydrogen. Polyunsaturated fats are liq
grouped into Omega-3 fats and the Omega-6 fats.

2.8.1 Alpha-linolenic acid (ALA)

ALA is a member of the omega-3 family of fatty acids. It is called an essential fatty

acid because the body can not manufacture it. Essential fatty acid must be consumed in the

diet. Dietary sources of ALA include flaxed seed, soy bean and pumpkm seed oil. People who

diet on ALA rich sources have higher blood levels of omega-3 fatty acid than those consuming

{ower amount; this may confer some protection against atherosclerosis. ALA has 18 carbon

atoms in its backbone and can be converted to EPA in the body (in the liver) by the addition

of two carbon atoms.

11




2.8.2 | Eicosapentaeiiois acid (EPA): EPA is a member‘ of the omega-3 family of fatty acid,
the oil derived from cold-water fish (salmon , tuna, sardines and cod) are concentrated sources
of BPA. To a lirﬁited extent , human body can make EPA from ALA.
3.8.3 Docbsahexaenoic Acid (DHA): DHA is a member of the omega-3 family of fatty |
acids. Thié fatty acid is found in cold water fish and in some types of algae.
2.8.4 Linoleic /Acid: Linoleic acid is a member of the omega-6 family of fatty acid. lt'is
another essential fatty acid. Dietary source of linoleic acid include vsu"n ﬂowér seed and cofn
oil.
i.8.5 The Differences Between COD liver Oil and Fish Oil
Cod liver oil and fish oil are not the same. Cod liver oil is extracted from Cod liver and
is an excellént source of Vitamins A and D. Fish oils are exfracted from the tissues (flesh) of
fatty fish like salmon Jherry and Trunk and are good sources of EPA and DHA. -
* Fish oil contains very little vitamin A and D, but Cod liver oil contain EPA and DHA.
2.9  Health Benefits of Fish Oil |
There is éohsiderablc evidence that fish oils are beneficial to thg human health all
become of ﬁle nutritional and medicinal values of the oil.

The fish oil is said to have “active’ components which includes ecoSapeﬁtaeﬂoic acid (EPA) a
polyunsaturated fatty acid with 20 carbon atom on its back bone and docbsahesaenoic acid
v (DHA), a polyunsaturated fatty acid with 22 carbon atom.

Both are meinbers of the omega-3 group of essential fatty acid. The best fats or oils are tho'Se
that cot;tain the essential fatty acids. Essential fatty acids have 2 families, the omega 3 and 6.
EFAs. The main sources-of omega 6 fatty acids are vegetable oils such as co oil, soy oil that
contain high proportion of linoliec écid. Omega-3 acids are found in flaxseed oil walnut oil
and marine plankton and fatty fish. Recognizing the unique benefit of EPA and DHA and the
serious consequences of a deficiency the US Na‘tionall institute of Health tecently
recommenaed dailky intake of fatty acid. They recommend a total intake of 650mg of EPA and
DHA. 2.22g/day of alpha linoleic acid and 4.44g/day ;)f linoleic acid. Saturated fat intake
should not exéeed 8% total calories intake of about 18g/day. Alpha- linoleic acid can be

converted to EPA &DHA in the body, but the conversion is quite inefficient in older people.

12




It is estimated thait1 85% or‘,more people in the.western world are deficient in omega 3
fatty acids and most get far too much of the omega -6 fatty acids because vegetarian diets
which they mostly consume is very high in Omegal-6. |

2.9.1  Good for the Brain

‘The human brain is one of the largest “consumers” of DHA.' A normal adults human

brain contains more thanv 20grams of DHA. Low DHA level have been linked to low brain
serotonin levels whiqh again are connected tendency to depression, suicide and violence.

A high intake of fish has been linked to a significant decrease in age—related memory loss and
cognitive formation impairment and a lower risk of developing Alzheimeir’s disease. -

A recent study formed that Alzheimeir patient given an omega 3-rich supplement experienced
a significant improve‘meﬁt iﬁ their quality of life. |

2.9.2 Importarnt during pregnancy and lactation.

kAn adequat'e intake of DHA and EPA is particularly important (i‘urih’g pregnancy and
lactation. During. this tiﬁie the mqther must supply all the baby’s need for DHA and EPA
because it is uﬂabie to sj’nthesize these essential fatty acidvi_t'self. DHA makes up fo 15t020%
of the cerebral cortex and 30 to 60% of the retina so it is absolutely ﬁecessary for normal
development of the fetus and the mother.

There is some evidence that are insufficient intake of omega-B fatty acids may increase
the tisk of premature birth\andb an abnormally low birth weight. There is also an emerging
»e\"idencbe that_ low levels of oméga-?a acids are associated with hyperactivity in childrén. The
content drain on a mother’s DHA resources can easily lead to a deficiency and some
» rgséarchcrs believed that (Pregnancy-related high blood pressure) and post partum depression
chld be linked to a DHA deficiency. Experts recommended that women get at least 500-
600mg of DHA evety day during pregnancy and lactation. The easiest way to ensure this
intake is to take a‘ good fish oil supplement daily. |
2.9.3 Benefits for Childrgn |

Researchers at the University éf Sydney haxgi found that Children who regularly eat

fresh, oil fish have a four times lower risk of developing asthma that do children who rarely‘




eat such fish. They speéulaté that EPA present in the fish may prevent the Vdevelop’ment of
- asthma Of reduc'e its severity by reducing airway -inﬂammatiori and responsiveness.
2.9.4 The heart’s best friend

An eﬁormdus amount of medical literature testifies to the fact that fish oils prevent and
may help to ameliorate or feverse atherosclerosis, heart attack, congestive heart‘failure’, stroke
and p‘eriphétai vasculér diéease. Fish oil help maintain the elasticity of artery walls, prevent
blood clothing, ‘réduce blood preséure and stabilize heart rhythm.
Aﬁ a&equate daily intake (about 1 gram) of EPA and DHA is essential to maintain a healthy
heaﬁ. Fish oils are esbecially important for diabetics who have an incréas‘ed risk of heart
disease.
2.9.5 Reduces pain and help prevent cancer

Fish oils are ﬁarticularly‘effective in reducing the inflammation and can be of great
benefit to people suffering from rheumatoid arthritis or ulcerativé colitis. Daily
supplementation with as little as 2.7g of EPA and 178g DHA can markedly reduce the number
of tender joints and increase the time before fafigue sets in. Patient with ulcerative colitis have
abnormally low blood level of EPA. |

Clinical trials have shown that supplementation with fish ‘oil‘(r2.7g of EPA and 1.8g of |
DHA daily) can redﬁce the severity of the condition by more than 50% and enable many
patient to discontinué anti-inflammatory medication and steroids |
There is now also considerable evidence that fish oil consumption éan delay or reduce tumor
development in breast cancér. Studies have shown that a high level or omega -3 fatty acids

'c‘ombined with a low level of omega-6 acids reduces the risk of developing breast cancer.




210 PROPERTIES OF FISH OIL.
2401 i’hysicéii properties of fish oil.
This comprises of melting point, the réfractive index and the specific gravity.
The melting point is the measure of the temperature at which the oil melts after undergoing a
 solidification pfoce_ss._
The slip point‘m'eth'od was employed when determining the melting point where the solidified
sample in a capillary tube was heated in 'a beaker containing paraffin and a thermometer. As’
the paraffin is being hez_ited, the solidified ore begins to melt until it finally stops melting, at
this point, the thermometer is being read and temperatﬁre recorded which becomes melting
: poih’c.
2.10.1.1 . Refra’ct“iVe index
- This measures the angle through which a beam of light is bent when passing through thiﬁ film
of melted fat. The indgx of each fat falls within a narrow range and can be used to determine
thé purity of the oil. It is also temperature dependant and is usually measured at 104° F (40°C) .
a temperature at which most fats afe liquid.
21012 - Specific giravity:
The specific gravity of oil is the ratio of mass of a given volume of material at 25°C to that of
' an equal volume of water at 25°C. It is a usefiil factor when cénverting volume to mass and
mass to volume. ‘ ; -
2.10.2 Chemical Properties of fats and oil
, These include iodine value, saponification value, and acid value
21021  Acid value
This is ra measure of the amount of free fatty acid present in the fish oil. It is defined as the
number of potassium hydroxide (KOH) required neutralizing the few fatty acids i 1g of the
sample. Hence, acid value gives an ind’ica'tion‘ of the age and quality of the fats (Plummer,
1978), though it is still the most accurate parameter for oil quality and yield asseSsment; |
2.10.2.2 Todine Value
fodine value is the mimber of gramis or iodine taken up by 100g of fats or oil. Todine value is

the measure of the proportion of unsaturated fatty acids present in the oil, by an indication of
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he amount of iodine which can be absorbed by the unsaturated acid. Also iodine value
ndicates the degree of reactivity of the oil which influences the stability of the oil as high
Lontent of unsaturated fatty acid makes the oil very sensitive to oxidation.
0.10.2.3 Sapomﬁcatnon Value
| hls is the numbet of mllhgrams of potassium hydrox1de (KOH) required to saponify the fatty
icid resultmg from the complete hydrolysis of 1g of oil. Saponification value is also a measure
bf the mean molecular weight of the free fatty acid present in the fat.
0.10.3 Advantages of Solvent Extraction |
solvent extraction is one of the most efficient method of extraction from all
‘ bearing materia'ls.v
The solvent used can be easily recovered and reused so here it safe money.
reduces the residual oil in the oil bearing substarice to a véry negligible péint. |
104 Disadvaiitages of Solvent Extraction
: Solvent extract present high degree of fire explosiveness due to it easy flammability,
xcépt in a case where a ﬂon-ﬂamrriable solvent is employed.

W

. The equipment and solvent need for solvent extraction are relatively very

" Choice of a good solvent also prove a problem because the choice of a wrong solvent
ill yield many disadvantages such as contaminating the odor of the fish oil produced and

ven poisoning it.
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CHAPTER THREE
30 EXPERIMENTAL WORKS
_"?;.1 Expeg-imcﬁtai‘apparatus and reagents
:"’;.iv.i Apparitus - | . | :

The following eqiiipments/apparatus were for the research.

1. Soxhlet extractor

2. Eleciric wei‘ghing balatice |
3. | measiring cylindér ”

4 Thimble ' | | o
5. Gailenkamp electric oven
6.  Thetmomieter ]
7. Bp‘re’tté (5k0m1) | o | 4
8. Pipette (25ml) |
9. Rotitid béttom flask
10.  Pestle aiid mortal | = |
1. Flectric Blender |

12.  Petri dish

13.  Boiling water bath

14. ~ Reflux cotidenser
15. | Coriical ﬂa‘sk 250ml
16. heélti‘ng mantle
17. - Sample bottles
18.  Abbey Refractometer
19:  Test tubes
'20. - Cotton wool
21.. Refrigerator
3.1.2 Experimental Reagents used
- 1. n-Hexane

2. . Starch indicator
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3. Sodium thiosulphate
4. Phenolphthalein
5. Potassiumi iodide

6. Distilled water

7. Potassium hydroxide
8. Todine
9. Potassium Hydroxide

10.  Caibon tetrachloride
11.  Hydrogen Chloride

12 Fat Samples

32  Methodology
"The principle employed involve, pretreatment of sample extiaction of the oil from the fishes,
characterization of the extracted oil and subsequent éomparison of the oil extracted for the |
different species used for the experiment.
3.2.1 Raw nidterials
- The rai;v inaterials used are the 5 species of fishes earliel; named. They include Mormirops |
deliciosus (Trunk fish) Bagrus docmac (Silver cat fish), Tilapia, Clariés (Catfish or mud fish )

and Titus (shawa).

322 Pre-treatiment of raw material

In order to enharnce a successful extraction of the oil, the fish undergo some treatment prior to
the extractiots. These ificlude:

Refrigeration: The fish whén bought was freezed in order to preserve it since the extraction
did not commence imrhediately.

Washing: the fish-was thoroughly washed in order to remove dirt that might stuck to the body
aftér undergoing a de-freezing process.

Sizé reductioi: the fishes were then cut into sizes in order to enhance a speedy oven drying

I

because of their size while removing the gills and intestine which were unwanted.
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Drying: The moisture content of the fishes wé’re reduced by oven drying sirice water is

iminiscible in oil.

Further size reduction: ‘After tindergoing the moisture content elimination in the oven, the
samples wete further reduced in size by pounding in a mortar and later blended into a finer
fottii. |
Wéigiii: The weight of the sample were taken accordingly noting the difference in weight due

to weight lost through evaporation

3.3 The fish oil Extraction process

The fish oil was extracted using soxhlet extraction apparatus anid n-Hexdiie as the
solvent. The'sélid substance or sample was placed in a porous thimble covered with cotton
wool and the weight of the sample taken, before it was placed in the inner tube of the
apparatus and then fitted to a round bottom flash of apptopriate size that cotitain the solvent
(Hexane) were heating commence at 60° C for 1 hout.

As the heating continued, the solvent in the flask started boiling just within 5 minute of -
heating and the water begins té drop fromi the top to the sample in the thimivle.
' Thé water droplet was 4 function of the temperature of the heater and the ‘raie of boiling
because the high the temperature, the faster the droplets. |
‘Wheﬁ the éolvent reaches the top of the tube, it siphons over into the flask and thus remove the
poﬁion of the oil which has been extracted in the process of reﬂuxiﬁg. It was noticed that
18minutes latet, after boiling has started, there was reflixing and it continued like that every 2
minuté until the lipid reduced and the r¢ﬂUXing time reaches siiice the higher the lipids content
the slower tﬁe refluxing. |

The solvent used was later recovered by applying heat and collected above the round

bottom flask into the soxhlet apparatus while the oil extracted was potired into the beaker, the

golveiit collected.




34 Co’iiipﬁrisoli‘of Solvent extraction meihod with other lﬁethbds of oil extraction
Soxhlet extraction ié one of the most cbmmoﬁly used methods for determination of

total iipi(is i dried satnples. This is mainly because it is fairly simple to use and is the

officially recognized method for a wide range of fat content determination. The main

disadvantages is that a relatively dry sample is needed to allow the easily extraction how ever,

it is time consuming and destructive for high moisture content food samples, it is often better

to USe"non-s’ol’vent technicjues or batch solvent techniques. Consequently, many instrument
methods are simple to 'operate rapid require simple preparation and are not destructive.
Nonetheless they ate often expensive to purchase and can only be ﬁsed on certain types of
food samples (Mc Clements, 2003) Extraction technique tend to be more accurate and
generally applicable and are therefore the standard methods for official analysis of many food
materials. Instrumetital methods are more useful in quality assurance laboratories of food
factories wheré many samples must be measured rapidly. |
Solvent extraction however oxidizes the product and produces a reddish color and a reduction
in ivitamin A potency, dnd this is worsened at high temperatures or with prolonged heating

time. (Hall 1992)




3.5  Extraction process of fish oil.

Process flow diagram for the extraction of fish oil using samples of fishes,

Fish samiples

A

. Size teduction

Drying of samples
Oven Drying

Grinding of samples

y

Extraction process

y

Solvent recovery

y
Extract collection

y

Fish oil




3.6  Eviliiation of fish oil
Tie e;;iuatioh of the oil involves the analysis and testing needed for the assessment of

bthe quality and purity as well as the identification of fhe oil. A number of physical and
chemical “constants” have been established for these purposes. Each of the constituents tised
in exaniining the oils and fat is chosen to easiire one V;)f the characteristics of the glycerol or
fatty acids present in the oil. An assessment of all these are then related to the composition and
therefore the identity 6f the fats bei'ng examined (ihekoronye and Ngodciy, 1985)

3.6.1 Determination of moisture coritent of the fish

The ‘method specified by International standard- organization (ISO) 1988 was used. The
pl;inéiple_: wis that a test portion was heated at 105°C until i‘rioistufe and volatile substances dre
completely eliminated; and the loss ifi mass determined.

Procediiref An empty Pefri dish was weighed (w;) the wet sample of the fish was then put
into the Petri dish. The weight of the fish and Petri dish was takeri (wy), this was then
transferred into the Gallenkamp oven which was set for 105°C this allowed the complete
¢vaporation of the moisture content from the sample.

At the end of the drying, the dried sample in the Petri dish was removed and aliowed to cool
for a while afier which the wéight was. taken (ws) and the difference calculated. The

percentage inoistiire temoved represents the percentzge loss in mass of the sample.

Jalculation: Moistute content removed (%) = [ (Wy—wi ) — (w3 —wi )] x 100
| | (wa—w1)

3.62 Determination of Refractive ndex
Refractive index is the‘ tatio of the épced of light at a definite wave length in a vacuum to its
speed in the medium and this varies with the wave length of the light énd témperature.
Procedute: |

Abbey refractometer was used in determining the refractive index of the oil. The
‘measurihg prism surface wﬁs cleaned with solvent and distilled water, and then wiped with a
clean towel aftet whi?:h the mode selector was regulated to the desited mode position.
A drop of oil was d‘roppbedv on the prism surface using a giass dropper and covered. The
illumination arm was fhen positioned so that the exposed face of the upper prism will be fully

illuminated. The refractometer was used through the eyepiece, the dark position viewed was
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édjuSied fo be in line with the cross line. At no parallax etror, the pointet to the scale pointed
| in the féfreicﬁv‘e index, the reading was then taken. This measurement represents the refractive

index of the oil samiple. | |

3.63 Deternifnation of Acid vilue

The acid value is the number of milligrams of KOH required to neutralize the free fatty acid

present in 1g of fat. Heﬁce acid value gives an indication of the age and 'q'u‘alilv}‘/‘ of the fat.

Procediite:

At account weight of 1g of fat sample was taken and dissolved in carbon ietrachioride and the

solution was titrated with 0.05m Alkali; using phenolphthalein as indicator with constant

Shgking until 4 dark color was ’observed and the value noted.

3.64 D;eiérminaﬁmi of Sépoﬁiﬂcétioﬁ valiie

The sa"poniﬁcatioﬁ value is the nimber of milligram of KOH required to neutralize the fatty
~acids present as a result of the complete hydrolysis of 1g fat (Plummer, 1978) |

Procedure:

‘].OOg of the samples were weighed into 2.5cii® of alcohol 10cm?® of 0.5m alcqhoiic KOH
| solution. Thls was then attached to’:a feﬂtix condenser; the mixtire was allowed to boil for -
30mins with constant shaking. Similarly 2.5cm’ of alcohiol and 10cm® alcohol 0.5M KOH was
1 treated while adding few drops of phenolphthalein to the warm solution and then titrated
agaitist 0.5 HCI until the pink bolor of the indicator just disappear. Same procedute was used
for the oth'ef samples and thé blank solution.

1 3.6.5 Deterrination of lodine valie.

| The amount of iodinebconsumed is. determined by titrating the iodine released (after adding
Kl) with a standard Thiosﬁlphate. | |

{ Procedure:

’O.3g of fats was wéighed into a small weighing dish and placed in a 250cm’ conical flask
10cm® of carbor tetrachloride was added to the samples.

To all the flask an equal q‘uantity of wigits reagents was added about 25cm’ using a burette,

this was mixed well and kept in the dark for an hour, after that it was titrated with standard

’
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0.1M sodium thiosulphate solution while adding 15cm® of 10% potassium iodide solution and

100 cm?® of distilied water using starch as an indicator.




CHAPTER FOUR

4.0 o Experiniental Result

Moisture content: Initially the samples were oven dried in the electric oven before been
blended into the finer form. It was at this form that the moisture content was determined by

oven drying the samiple for another 24hrs at temp 105°C

" Table 4.1 Moistiire content percentage determination

Saple Miss of Mass after Percentige
_ Sample drying (g) moistuie
before drying content % )
® - _
A 50 38.58 22.84 |
B 50 47.58 484
C 50 4523 9.54
D | 50 T 4754 X |
E | 50 37.25 2550 , | o

Table 4.2 Content of oil present in dried fish sariple

Sample | Mass beforc | Mass after | Percentage o
-~ 7| extraction (g) | Extraction (g) | Extracted % :
A 27.49 1918 30.22
B | 4391 4391 672
Ko - 3':"6.‘39' T 3110 1452
D 327 30.57 1793

E 3302 75.0 3402




Table 4.3 Analysis of oil samples
Sample R. index Acid value | Todine value | Saponification Melting
mg) (® (mig) point
| °C
A | 16642 8.40 17441 | 549.78 100
B 1.6769 7.84 182.88 | 367.46 92
C 1.6240 6.72 182.88 347.82 88
D 1.5990 5.04 187.11 | 31848 91
E T 1.5850 6.44 17865 | 39831 98
{| Standard | 1473-1400 | 0.40438 “135-190 . | 176-195 i
vilue mig/KOH 1,/100 of
‘ ‘ sample




A4 ~ DISCUSSION OF RESULT

‘Experimental analysis was conducted on the oil extracted from each of the sampies of fishes
anid the results in table 4.1 shows that the petcentage moisture content of species A, B, C, D ,E
were 22.84, 4.84, 9.54, 4.92 & 25.05%:i‘espec‘tively. This signifies that species A & E will
reqﬁire higher drying time than species B, C, D when subjected to the same dryiqg condition.
Howevet, speéie B has the leasf moisture p011tent.

‘Table 4.2 show that A, B, C, D & E has 3022, 6.72, 14.52, 17.93, 24.02% oil cotitents
respectively signifying that specie A has a highet amount of oil while B has the least amoimt
of oil extracted. E

Comﬁarihg table 4.1 & 4.2, it can be deduce that moisture content of the fish is a
reflection of its oilvt:ontent, because all the species with higher ‘moisﬁi“re content yield high
atiiount of oil when extracted. | |

The result of the characterization carried out of the sample of the fishes presented in
‘table 4.3 shows that samples AB,C,D&E has a’lrefractiife index of 1.664, 1.677, 1.624,
1.599 &1.585 respectively which are oﬁfsidg the range of standard value of 1.4 — 1.473 for
fishes. The significant of the result is that, the oil obtained from the species is denser that
water. However, we could not account for the disparity between the réfractive index and the

stanidard value.

The meltihg point of samples A B C D l& E were 100, 92, 88, 91 & 98 °C
respectiveiy. The inelting point bobserved seem with the rang range of th¢ boilipg point for
specie A & E while B-D were far from the melting point of water. -

From the same table, sﬁecie A, B, C, D & E has saponification Valhe of 549.78,
367.46, 347.52; 318.48 & 398.31 respectively. These values were far above the standard range

of 176 — 195. This higher value could be of industtial imporiance when employed in soap

making though imay be very expensive.




PRECAUTIONS TAKEN DURING THE EXPERIMENT WORK
The following precautions were obsetved duting the experimental processes.
1 During the sample handling, adequate care was taken to avoid loss 1n weight when
sealing up the thimble with a cotton wool.
2. All error due to parallax were avoided when taking the weight of the sample with
“electric balatice. | |

3.  The appatatus used for the experiment are thoroughly washed to avoid dirt and handled
carefully due to the fragility of some of the apparatﬁs |
4. - Water continuously flow through the condenser and into the soxhlet appa‘rat\is to avéid |
cracking of the condenser in order woids there was continuous inlet and outlet of water during
the experiment

5. All flow channels Were kept at airtight to avoid atmospheric preséure .from interfering

with the vapor pressure.
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CHAPTER FIVE

50 CONCLUSION AND RECOMMENDATION
51 CONCLUSION
The production and characterization of oil from different samples of fishes was performed and
‘the tesults showed that fish oil has a very high percentage of iodine value, hence can be
tecommended for patient suffering from goiter. Also, the moisture content of fish is a
‘reﬁ‘e“ction_of its oil content. From the analysis of the content of the different species it can be
concluded that sample A (mormyrups deiicioﬁsﬁs) and sample E (titus) has the highest content
among the five species analyzed.

5.2 RECOMMENDATION

As 4 result of the humerous health benefit of fish consumption. Easting fish .

especially [fatty fish] is recommended at least two times a week. It’ is also good for

those who have any heart infection

Popiilation ' ] Recominendation

Patients without  documented coronary | Eat a variety of [preferably fatty fish] atieast twice a
heat diéeéseé [CHD] | | week .iﬁdiudihg oils and food rich in alpha- linoleic
acid [flaxseed, walnuts ,soy beans oils]. ﬂ
Patients with documented coronary heart | Consiitne about 1g of EDA. DHA per day preferably
diseases (CHD) o from fatty fish. | |

EPA + DHA supplemments could con‘sidéfed in
cOnsultation with the physiciah

Patients who needs to lower triglycerides |2 to 4 grams of EPA + DHA per day brovided as

capsule under a physician care.

Patients taking more than 3 grams of omega 3 fatty acids from supplements should do so
i}ndét a physician care.

| Patients taking more than 3grames of omega-3 fatty acids from suppleinents should do so

under a physical care.
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APPENDIX

Percentige Moisture Calculation:
Percentage moistiite = mass of wet sample -- mass of dry sample X 100
Mass of wet sample

50— 3858 X100 =2284%

50 ‘

4.84%

50— 47.58 X100
50

C. 50— 4523 X100 =9.54%
TS0

4.92%

50— 47.54 X100
50

E. 50— 3725 X100 =2550%

50

of oil Extracted

gition yield x 100 o |
hver weight Extracted yields initial — final mass

27.49 —19.18 x 100 = 30.22%
27.49

B. 43.91 —40.96 x 100 = 6.72%
43.91

3639-31.10x 100 = 14.54%
36.39

D. . 37.27-30.57x100 = 14.54% '
. 37.27 |

E. 33.02 -25.09 x 100 = 24.02%
33.02




