I NVESTI GATI ON OF THE MAJOR CHARACTERI STI CS OF
SOVE VEGETABLE A LS USED IN NI GER AN FROM
LOCAL AND FOREI GN SOURCES

A thesis presented to the Ahnmadu Bell o University
Zaria in partial fulfillnent for the award of

MASTER OF SCl ENCE
I N ANALYTI CAL CHEM STRY

BY
ADEMOLA OYEWOLE AJALA
B.Sc. (HONS) CHEM STRY (| BADAN)

JANUARY, 1982



DECLARATION

- e s e e o e e e

This is to certify that this research project
is original, and that it hzs not been presented in
part or full anywhere for the purpose of the award

of a degree.

Olisnf Ja 15
Dr. MiA. Olatunji A. 0. Efala
(Supervisor) (Student)

L B B R I B I I

Dr. H. T. Pozimo
Ag. HMead of Department.



DEDICATION

This project is dedicated to the VMemory of
my father, late Chief JOSEPH OYAD1J1l AJAL., the
late Esa of Oyan, and to ALMIGHTY GOD, the
Giver of knowledge and wisdom who saw me through

the periocd of my tribulations.

- 1ii -



ACKNOWLEDGEMENT

1 hereby seize this opportunity to express my
appreciation to my superviscr Dr, M.,A, Olatunji, for
his selfless supervision of this project, and for his
timely, useful and encouraging advice throughout the
period ¢f this research project,

I am also expressing my gratitude to the Acting
Head of Chemistrv Department Dr, H.T. Boziwo for making
the facilities available for carrying out this research
work.

I owe my gratitude to the understanding of ny dear
mother Mrs, Oyinlade Ajala, my trother Oyeniyi Ajala and
Gboyepa Odedere wnc gave me and continue to give excep=
tional advice and courage in the pursuance of my acsdemics
and determinations.

I am also highly iudebted to Mr & Mrs, Titus Adeyemi
Obadiyimu, Mr, Oluwole Obadiimu, Mr, & Mrs, J./. Olawale,
Dr, Oluwole Alalade aand others whe® names [ cannot mention
for their valuable guidance and moral support during my

tryving periods,



ABSTRACT

Anal ysis was carried out on seventeen oil sanples
nanely, palmoils fromKano, Sanmaru, Funtua and Oyan,
Sunfl ower oil nade by Boul ogue Cedex from France, Corn
oil made by Lindenberg from Federal Republic of Gernany,
Salad oil, cookwell oil, Mlon Seed oil (extracted in
the |l aboratory) Goundnut oils from Samaru, Funtua and
Kano respectively,

The results show that, GCoconut oil and pal m kernel s
oils have the highest saponification values while the
refined oils or the seed oils have the | ower saponifi-
cation values. It is evident fromthe results that al
the refined oils, sunflower, salad, nelon, cookwell, corn,
coconut, and groundnut have high iodine nunbers while
coconut and pal m kernel oils have the |east iodine nunbers.

It is also evident fromthe result that acid val ue
and percentage free fatty acid are very low for oils |ike,
sunfl ower, salad, cotton, nelon corn, groundnut and pal m
oils have high acid and percentage free fatty acids.

Finally, the amount of trace elenents found in the
oils are lower in the refined oils than the oils which

are obtained |ocally.
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CHAFPTER 1

INTRODUCTION



CHAPTER 1

INTRODUCTTION

1.0 DEFINITIOM CF OIL

Fats and fatty oils are water insoluble substznces
of plants and animals nrigin1 witich consist mainliy of
glyceryl ecsters of long-chain fatty acids. As a matter
of fact, there is no scientific differentiation hetween
edible o0ils #¢nd fats and the two terms say be used inter-
changeably.

The common distinction between them is to consider
solid product as fats, and liguid ones as olls, this
difference is temperature Jdepemdent at high temperatures
all the edible o0ils and fats are liquid and at low temp=-
eratures they aprnear to be soclid. Even thi; latter state-
ment is only apparently true, as most natural fats, while
appearing snlid at ambient temperature are strictly a
blend of sclid and liguid cnmronwntsz. The products which
form this subject could eoually well be referred to either
as fatty cils or simply fats, irrespective of consistency
at ambient temperature,

1.7 CLASSIFICATION:

The term '011'2 has been applied in general usage to

describe certain physical characteristics of various
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substences rather than their chemical nature or composi-
tion, This cowmmon use has led to confusion over the
nature of c¢ils and it is essential from the on sct to
understand their true classification,

0il and fats can be divided into groups according
to bothi their origin and tleir chemical n: ture,

1.1a FIiZ{FD OILS ,\ND ~ATS:

Animal fats derived from the milk and body tissues of

animals including Marine animels,

1.1b VEGETABLE OILS ~ND FATS:
These are obtained froa the fruits and seeds of a
wide range of plants. These oils and fats are esters
of fatty acids (Specifically glycerides) aand are
nen=-volatile,

1.17c VMINER'L OILS:

These are distilled from petroleum and shale deposits,

This group of materials incluie pard?inl, ¢il, fuel
0il and wost lubricating oils.

1.14 VCLATILE OR ESSENTI)IL OILS:

0ils of lemmon, o0il or cloves, and cinnamon oil,

These are obtained mainly from n»nlant sources, although
some are derived from animals, Thece oils arc complex
mixtures of aladehsdes, ketongghvdrocaibons, alcohols,

acids and short chain esters. They are used for
flavours, perfumery and pharmaceutical purposes,



1.1e CRUDE FATS:

These are completely unlreazted, as isclated from the oile
bearing tissue. Crude oils are unpalatable and
hence inedible in this state,

1,1f NATURAL PFATS:

This may have been treated to remove the impurities
which make them unpalatable, but othervise have not

been altered,

1.1 MODIFIED Fi.TS:

These are fat or oil which has teen changed by
chemwical treatment or physical separation to produce
a fat w:ich ig different from the original material,

1.1h SYNTHUTIC FLTS:

hese are fats which have been chemically made from

various source materials. Some have been proauced

by cxidation of hydrocarbons to fatty acids which

are then esterified with glycerol. This process was

operated on a large sc=le in Germany (1939;&5)3;
however, not only was it costly, but the fats produced

contain unnatural fatty acids which Were reported, £o

pdve rise to texic effects,

Another process which is partly chemical, partly

biclo;ical consist of the synthesis of fatty acids

from carbcohydrates by micro organisms, and the



esteriication of the fatty acids with synthetic
L_:',J_}’r.‘..'j-l"‘,}l .

1.2 COMPOSITION:

Qils and fats are essentially e .‘,»:'-r's'l and, in the
great majority of commercial oils, the alcohol component
is glycercl, Tie ncn-ester porticn is usually less than
2% of the total ¢il and mey contain sterols, hydrocsrbons,
aliphatic alcohols, znd other organic compounds, A few
0ils contain one or more long chain alcohols in place of
glycerols cthers contain an ether components as part of
the glyceride molecule e¢.z. certain fish liver oils.
Triglycerides of a single fatty acid do occur in
natural oils c¢.g. glvcerol trioleate (triolzin), but by
far the greater proportion of oils consist of mixod
glycerides, Mixed glycerides contain either two or three

different fatty acids esterified to glycerol, e,g.
F {Cl CH=CH(CH,) 5 -
%1? OOL\,A:)7 H (”{CJ2,17 CHj OLEIC

CHy = (CH,),, ~ COOCH PLLMTIC
CH, - {}JC(CH?_).H.__CW’., STEARIC
The triglycerides are formed by the reaction sf the
trihydric alcohol glycerol and fotty acids, The predominant
acids in natural fats occur as straight chains containing
12 to 18 carbon atoms. [ few shorter chain acids acids

present in small proportions are characteristic of milk fats,
while longer chazins (20 and 22 carbon atoms) are found in




certain types of materials, especially in fish oils.

5

In

addition to the chain length of acids another impcrtant

variable characteristics of
of unsaturation.

which could occur is very large,

While

natural fats is limited,

listed below:

the fats, namely the deg

number of unsaturated ac

the number found in

The common fatty acids are

ree

ids

Table 4
Conmon Name |Chain [ De&ree o T Abrevated Stetural Melting
length | Unsatura- formula Point °cC
C-atom tion
Lauric acid 12 Saturated CHB(CH2)1OCOOH 44,2
Myristic " 14 Saturated CH3(CH)1ZCOGH 54.7
Palmitic " 16 Saturated CHB(CHQ)TaCOOH 62.9
Stearic " 18 Saturated CHE(CH2)16COOH 69.9
Palmitoleic . Monc=ine- B
acia 16 Saturated CH3(CH2)6CH—CH(CH2)7v00H =0.5
Oleic acid 18 Mono-Un _
Saturated CH5(0H2)7CH=CX((F,)7COOH 16
Linoleic 18 Di-Un
acid saturated Cﬂﬂ(CRE)QCH=CH(CH2)7COOH -5
The structure of the fatty acids is relatively simply
and follows that of the simplest organic compounds, the
normal parz2ffins. The molecule of a saturated acid consists
of a chain of carbon atoms, each with its requisite number
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of hydrogen atom attached, except for the terminal carben
which carries a2 carbonyl organic acid grouping. The follow-
ing example shows the structure of butyric acid,

CH, - CH2 ~ CH2 - COOH.

3
STRUCTURE

The Unsaturated acids have a deficiency of hydrogen
atoms so that the link between two unsatisfied carbon atoms
becomes a double bond, Unsaturated acids have a very low
melting point, so that at ambient temperature they are
liguid, : : . whereas
the saturated acids are solids with fairly high melting
points, The different acids have an influence on the
melting point of the corresponding triglycerides, thus
a triglyceride with three unsaturated acids will be liquid,
and one with three saturated, a hard solid. It follows
that when the unsaturated fatty acids are combined with
additional hydrogen, as in the process of hydrogenation
they are converted to saturatsd acids of a higher melting
point, hence the use of the alternative term 'hardening'B,

The mosi abundant fatty acid is OCleic acid 018:1 —— cis
Oleic. Cy;Hy5COOH. |



STRUCTURE
H H
CHa(CH2)7é = é(CH2)7COOH

It is present in all known fats in amounts ranging from
less than ten percent in coconut oil up to over eighty
percent in some oQlive oils. Among the saturated fatty
acids, Palmitic acids C16:O

CHE(CHE)thOOH

is the most common while stearic acid C18:O

is far less abundant that is generally realized, although
it is a major component of many animal fats. J

It is the combination of the different acids and
glycerol which gives the wide range of triglycerides,
and hence the physical characteristics of the various oils
which occur in nature are influenced,

As the fatty acid portion of the fat is about ninetye
five percent of the total weight of the molecule, the
chemical performance is principally dependant on the fatty
aclds present in the triglycerides.

The structure of triglycerides can be illugtrated

with the aid of a typical member of the group.



TRISTE,LRIN

HZ -~ OH HOOQC . 017H35 HQC—OOC C17H35
Glycerol Three molecules Tristearin

of stearic acid
Tristearin is a simply triglycerides with the sane

fatty acids attached to each carbon of the glycerol chain,
Although fats and oils are predominantly triglycerides,
there arg minor compenents present in crude and refined
0ils, The most important minor constituents are phospho-
lipids, sterols, vitamins, and other impurﬂies of various
sorts. Most of the unsaponifiable matters present in olls

are made up of thesge minor constituent52’3.

1.3 GENERAL PROPERTIES

Fats, oils are naturally occurring organic materials
called lipids and have general properties of esters of high
molecular weight., These in turn are greatly influenced by
the fatty acid componentz’s’a.

The general molecular formula is given below where

R1' RZ' R3' can represent alkyl groups.
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CH-O E'Rz'

éHz-o-g-R:,,'

Typical example is Glyceryl tripalmitate palmitin,
0

(1) CH, - 0 = C = (CH,)q,CHy

’ o
CH =0 - C - (CHy),,CHs
}

Mixed glycerides
0

n
(11) 1 CHp = 0 = C = (CHy)4,CHy

2 CH -0 «C = (CH2)16CH3

'

2 stearo, 1,3 - dipalmitin,

i
CH -0 - 8 - (CH2)16CH3

| Q
CH2 -0-C = (CH2)7CH=CH(CH2)7CH3

Glyceryl Palmito - Stearo Oleate
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The composition of a fat is usually expressed in
terms of the acids which may be obtained from it by
hydrolysis. Certain fats or oils give mainly one or two
acids for example olive oil gives (80% oléic acid, 6%
palmtic acid, 4% stearic acid and 7% linoleic acid)

Palm oil, (43% palmitic acid, 43% Oleic acid 10% lineo=-
leic acid and 4% stearic acid)h. The chemical properties
of fats and oils are based on this fatty scid composition,

Fats and oils are essentially neutral, relatively
inactive chemically and of very iow volatility. They have
relatively the same density. They are slightly less dense
than water and are almost completely insoluble in it,
although small amounts of water will dissolve fats. They
will dissolve about 0.1% in water at room temperature and
solubility increases with temperature and with the presence
of free fatty acids. Both the degree of unsaturation as
measured by lodine valueh, and the average molecular weight
as measured by the saponification value affect the density
slightly,

Fats when melted are considerably less dense than if
present in the sclid state,

The specific heat of ligquid fats increases slightly

with decrease in iodine value and varies almost linearly
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with the temperature, The heat of fusion of fats and oils
is a function of the compactness of the fat crystals,
being higher for fats of high molecular weight than for
those of low molecular weight. Heats of fusion of pure
trilaurin, trirysistrin, tripaimitin and tristearin are
46,2, 50.3, 53.1 and S4.5g~Cal/g respectivelyT.
| The vapour pressureg of fats and ¢ils are very low,
Reported values in mmHg include the following:
tristearin 0.001 at 253°C and 0.050 at 313°¢C, trilaurin
0.001 at 183°C and 0.050 at 244°¢c 417

Heat of combustion of fats and oils are calculated by
Bertrama. He found that the heat of combustion of fats and
oils is about 9500g - Cal/g in cotton sced o0il and lard,
It is also found to be as high in other oils,

Fats and oils are relatively poor cenductors of heat,
The thermal conductivity varies 1ittle for différent oils
and ranges from about 0,00040 cal/(Sec) (1 sq.cm) at 20°C to
0.00039 at 100°C,

Refractive index of fats and oils depends upcn its

average molecular weight and to a minor depgree upon its

glyceride structure as well ag its degree of unsaturation,
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Fats and o0ils are soluble in most non-aqueous
solvents, Their solubility is influenced by the chain
length of the component acids and as their degree of
unsaturation increased, chain length of the saturated
acid decreases solubility, increased unsaturation
increases it., Most of the common organic solvents such
as acetone diethyl ether chloroform, petroleum spirit,
tetra chloromethane will dissolve fats and oils in the
liquid state,

Since the alcohol moiety is glycerol in all common
oils and fats, the differences in chemical and physical
properties of the glycerides are dependent on the nature
of the fatty acid moiety. Fatty acids are classified
mainly by long chain length and degree of unsaturation.
Thus the common acids are short - chain about (Ch - CB)’
medium (C,4 = C,,), and long chain (C16 and above). The
melting point of acids and their glycery! esters rises
with the chain length, The boiling point of acids also
rises but solubility in water and in-organic solvent
decreases, Thus the short chain acids have appreciable
volatility and solubility in water whereas the long chain
acids are, for all practical purposes, non-volatile at
ordinary temperature and pressure and are ppactically

insoluble in -.ater.
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Fatty acids are classed as saturated (no double bond)
Mono-unsaturated (one double bond) and poly unsaturated -
(twe or more double bonds)z. The melting point of the
aclds and their glycerocl esters decreases Ilrom saturated
to poly unsaturated, sclubility increases, but volatility
and boiling point change only slightly.

When fat and oil is exposed to the cxygen of the
air, it absorb it at a rate dependent on the degree of
unsaturation., As oxygen absorption takes place, the rate
of oxidation increases, and the fat or ¢il reaches a
state of rancidity. The rate of oxidation is also in-
fluenced by temperature and light, As oxidation proceeds,
peroxides form and these then break down to form aldehydes,
ketones and other shorter chain compounds, which together
give the unpleasant smell and taste which we associate
with rancid fats.

The presence of trace metzls in fats and coils increcses
the rate of oxidation of fats and oils.

Highly unsaturated fats or cils, when heatgd in air,
undergo polymerizationB. The exact mechanism of this
process 1s not fully understood, but it is sufficient for
cur purposes to accept that cross-linking takes place
between adjacent molecules. IThe double honds of the fatty

acids are involved in this cross-linking, which is of
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great importance to the paint industry. In the edible
0il field it can give rise to the deterioration of frying
fats owing to polymerisation. Soyabean o0il, when used
as a frying fat, soon polymerises on the side of the
cooking vessel and huilds up a yellow 'varnish' of
polymerised meterial. Polymerization is accompanied' by

a rise in visomsi:y, a fall in iodine value and deterio~
ration of flavour,

Another property of fats and oils which leads to
deterioration is the susceptibility to hydrolysis. Since
fats are a combination of glycerol and fatty acids they
are chemically classed as esters, Like all esters, the
linkage between the alcohol and acid can be broken by
hydrolysis, giving the free alcohol and free acid. Since
in fats the alcohel is trihydric, each fatty acid can,
under suitable condition be separately removed, leaving
progressively, diglycerides, monoglycerides and finally
glycerol. This type of hydrolysis is mainly due to enzymes
called lipases which occur not only in the digestive Jjuices
of animals,butaealso secretcd by bacteria and moulds and are
present in many plant tissues.

Boiling oils and fats with aquecus alkali hydrolyses
it to glycerol and salt of fatty acids. The salt of long

chain fatty acids are soaps.
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i, - 000(032)14053 ' CH,0H
+ —
Na” OH
CH - 00C(CH,,),,CHsy 3ha > CHOH + 3CHs(CH,)4,CO0Na
: . eat
CH, - ooc(cuz),mcﬂ3 Hzah sodium
0il/Fat. glycerol Palmitate

Glycerides that have unsaturated écids can be
converted to saturated glyceride by catalytic hydro-
genation. This property is used industrially in the
process of hydrogenation,

This is illustrated by the conversion of Olein to
stearin, whcrein hydrogen adds to the carbon - carbon

double bonds.

iﬂ2ooc(c52)7cn = CH(CH,)-CH | ?Hgooc(cn2),‘6CH3
CHOUC(CH, ) »CH = CH(CH, ), CHy

. 6afa1¥st' '
CHZOOL(CH2)7CH= CH(CH2)70H3 ey LH2000(0H2)16CH3

5H :
2' CHOOC(CH2)16CH3

Olein stearin

The ester links in glycerides may be hydrogenolyzed
with a saturated glyceride, this leads to long chain
saturated aleohols which can be used to manufacture
certain synthefic detergents, Two moleculies of hydrogen
are used per ester linkage in presence of copper chromate

as catalyst,
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Q .
i - .
CH(CH, ) 4= C = OCH,  CH,OH
t 6H, , under ( ) :
- ' . 3CHx(CH,).,CH,OH + CHOH
CHB(CHE)ﬂé" C - CLH PressureaHsat -  ° 1472

‘ .
{ Copper Chromite

. atalyst '
CH3(CH,) 1,-C - OCH, catalys Cetylacohol CH,0H

.Palmitin glycereol

. long Chain unsaturated alcohols may be obtained by the
analogous hydrogencolysis of unsaturated glycerides, employ-
ing a catalyst such as zinc chromite which hydrogenolysés
o# the ester linkage without hydrogenation of the carbon-
carbon double bends.,

For example Olein vields oleyl alccohol.

CHB(CH CH = CH(CH2)7CH20H.

2)7
1.3 VEGETABLE OILS:

Vegetable olls are derived from the seedsof plants which
grow in many different parts of the world. Several hirndred
varieties of plants are known to have oil bearing seeds, but
in fact only about a dozen are commercially significant.
These are cottun seed, groundnut, sunflower, coconut, Palm
0il, Palm kcrnel, 'Melon seed is not very common as other oils,

Vegetable plants producing oils may be grouped according

to the botanical clagsification of the plants yielding the nils,

but this method of classification may be systemrtic, Another
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method of classification divides them into drying, semi=-
drying and non-drying oils. This method has its weaknesscs
and is more suited to classification of industrial use than
for edibility.

The alternative method of rvlassification is to group
them according to the dominant fatty acids present. On
the basis of this last classification, the oils are classi-
fied with the dominant fatty acids with which they are
associated,

Lauric acid oils:=- We have coconut and Palm Fernel,

High saturated acid oils:- These arc divided into two

(1) Vegetable butters - Shea nut

(2) Palm 0il - Palnm oil,

Oleic/Lincleic Qils:= Croundnut cil, Maize, Cotton seed

0il, Sesame, sunflower oil

Linoleic/linolenic acids - Soyabean, linseed

Erucic acid oils - Rape seed, Mustard seed oil.
1.3a LAURIC ACID OILS

There are only three commercially important oils in
this group in which Lauric acid content approaches
50% and the unsaturated acid content is low. Coconut

0il and Palm kernel cil are the most important,
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1.3b COCONUT OIL:

This is obtained from the nut of the coconut palm

(Cocos nudifare), The palm is of unknown origin,

It is thoughtto have spread across polynesia from

the Indian Ocean, Today, the palm is widely distri-
buted in tropical areas where it grows wild;
especially on the tronical coasts and on the islands
of the pacific., Malaysia, Indonesis, the philipines,
south sea islands and Ceylon are the principal

growing areas, In these areas large estates are
devoted to the cultivation of the coconut palm. It
does equally well inland in well drained, loamy soils
of the tropics.

Coconut palms are perennial. Best growth is obtained
in areas with rainfall well distributﬁd and amounting
to betwecen 50 - 90 inches (130 - 230)-annually, It
thrives well in a warm sunny climate in which there is
little temperature fluctuations, ideal condition being
85°F (29°C). It prows well in deep alluvial soils or
sandy loam. The kernel of coconut when dried is

known as copra, and from this coconut o0il is extracted.
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. After harvesting, the coconut is split and left to

dry. Copra yields about 63% oil, Local inhabitants use
- this oil for cooking and lighting and for a hair dressing.
Industrially, large quantities are required throughout the
world in the manufacture of Margarine and cooking oils and
fats, Coconut oil is not commonly used in the manufacture
of somap and lubricants as other cils., The residue left
after extraction of the 0il becomes a nutritious food for
animals., Another minor source of oil in coconut is the
paring, the green skin. The production of paring oil has
become gquite important in Ceylonq. This has not been in
practise in Nigeria., A certain amount of fresh kernel is
made into desiccated coconut for the confectionery trade.

The oil extracted consists predominantly of saturated
fatty acids with lauric acid accounting for about 55% of
the total oil by weight table 11,

It contains only small amounts of unsaturated acids
in the form of Qleic and linoleic acids, It is liquid
at normal tropical temperature with a low iodine value,

high saponification value and the percentage free fatty

acid very low.



Table 11

Fatty Acid Coconut o0il] Palm Kernel oil
composition % 9%
Caprytic  Cg:0 6 3
Capric Cy0%0 6 4
Lauric 01230 Lt 21
Myristic 01&:0 18 17
Palmitic C46:0 (s 8
Stearic C4g:0 6 2
Oleic C18:ﬂ 7 13
Linoleic Cqyg:2 2 2

1.3¢ PALM KERNEL OIL:

0il plam (Elacis quineesis) producesd a fruit which

provides tWo different oils. The pulp contains palm oik
which is highly coloured, is composed mainly of C16 and
C18 fatty acids and behaves like most other vegetable
oils apart from its higher meliing point.

Within the pulp is a kernel which prevides the source
material for palm kernel oil.

5

Records have shown that until recently Nigeria” leads

the world in pfoduction of palm kernels. The rivals are
West Malaysiq, and Indones’ia,

Palm kernels:- World production by Country (10000Mt).
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Table III
HARVEST (a) 78/790 | 77/78P| 76/77P\75/76|74/75 73/ 74
Nigeria(b) Oct-Sept - 220 320 320 265 276
Indonesia (c) 110 93 91| 83| 8| 69
West Malaysia 405 | 302 309 | 244 | 225 | 174
Other Countries - 495 505 448 458 461
WOrXdeisseani i 1170  |1110 1225 |1100 |1030 | 980

(a)

Bulk of harvesting time,

i.,e, first of the split years

in the case of (1) and second in the case of (2).

(b)
(c)

Commercial output

Estate production,

The statistics above shows that at the peak years 75/76

abd 76/77, MNigeria produced 320,000 M/T of palm kernels.

This

level declined sharply to 220,000 M/T Tones in 77/78 whilst

production by Malaysia depicts a planned growth from 1973,

Cilminating in a staggering production level of 405,000

M/TONS in 78/79°.

Although the production figure for Wigeria in 78/79

is not indicated above, %¥here is no doubt that Malaysia

retains its world leadership in palm kernel production,
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[

The loss of leadership by Nigeria is caused by the "OIL
BOCMY,

The kernels are separated from the pulp and fibre
and are usuzally shipped to DBurope in this state, very
small amount of the kernels is used locally. Palm Kernel:
0il industry is Just developing in Nigeria., The kernel
are then cracked to release the nut from the shell and
the nuts are either seclvent extracted or subjected to
pressure in order to win the oil from them. The local
inhabitants, roast the kernels for a long time to relecse
the oil, then separate the cake from oil and subject the
cake to grinding, this is then boiled for a long time to
release the remaining o¢il, The o0il is then filtered from
the remaining cakes,

This cil, though obtained from the same fruit as palm
oil, is a very different product. Its composition and
behavic pr are very similar to those of §oconut o0il, Ref,
Table I1, wh.ch for many uses is freely interchangeable
with it.

The oii is darker in colour than c¢oconut o0il and does
not have such a pleasant smell or taste, but after processing
it gives an almost white, pleasant flavoured nut oil which

can be used in place of coconut oil,
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1.3d PALM OIL:

Elacis guineensis6.

Palm 0il a major component of food in Nigeria and other
West and Central “frican Countries, Industrial utili-
zation of Palm oil in Nigeria, primarily for the manu-
facture of soap and Margarine is estimated at 35,000
tonnes per annum,

In 1960, Nigeria was the largest exporter of palm oil
in the world having exrorted 186,312 tonnes., This
figure dropped to 3395 tonnes in 1968, 7643 tonnes in
1970 and nothing was exported in 1973. At the same
pericd, Ivory Coast exported 405 tonnes in 1968,

12,542 tonnes in 1970, and an estimated quantity of
170,000 tonnes in 1979. Similarly, Maloysia made an
export of 286 tonnes in 1968, 402 tonnes in 1970

and about 1,830,000 tonnes in 1979. The sharp export
drop for Nigeria is due to the "CIL BOOM"S.

The 0il palm is a perenial plant indigenous to tropical
West /.frica, 0il palm requires hot humid conditions with
1.5 - 1.8 meters annual rainfall. The o0il is extracted
from the fibrous layer of pulp called the pericarp.

The composition of palm o0il is rather uniqgue when

comparad to that of the other major fats and cils,
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Most of the seed cils, such as soyabean, repesced and
sunflower seed oils are composed principally to unsaturated
fatty acids. While the palm nut oil, coconut and palm
kernel oil, contain predeminantly saturated fats, Pelm oil,
however is composed of approximately 50% saturated
fats primarily palmitic acid and 40 per cent unsaturated
fats principally lincleic and oleic acids,., Thus palm oil
will tend tc be semi licuid at ambient temperature, separat-
ing on standing into a deep red liquid fraction and a yellow
solid fraction of about equal vplumes.

The distinctive colour of the oil is due to fat soluble
carotenoids which is responsible for the high vitamin A
content of palm oil,

Composition of palm oil
fable 1V

 TEE—

Fatty acid composition Percentage

My?istic 1
Palmitic 48
Stearic 4
Oleic 38

Linoleic 9
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T.5e COTLON SEED:

The cotton plant is grown primarily to produce

cotton fibre., Cotion seed is therefore essentially

& by product. Nevertheless it has risen to be the
'Hfsecond largest producer of vegetable 0111’5’6. Although

several other o0il seed are more impeortant in world

trade., It was not until late in the last century that

serious c¢ommercial uses were found for cotton seed

after the cotton plant itself has been cultivated

for several thousand years,

When mature the plant produces round, fluffy
white gseed vessels known as 'bolls', to which the
fibres adhere before the cotton can be used, fibres
and seed must be separated in a gin., The seeds are
egg-shaped, about 3/8in. long and 3/16in., wide. Some
are practically bald, known commercially as black

seed, while others have a wolly lint on the cutside.

Cotton is produced in tropical, sub-tropical and cool
temperature climates. It czn survive with as little
rainfuall as 20 inches per annumn, there must be a

distinct wet and dry season.
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The main cotton seed producer in 196f was the Soviet
Union, followed by United State of lAmerica, China,
Argentina, Br@zil, Nigeria, CGuatemala, Egypt, Iran,
Mexico and Peru, us a. result of the amount of cotton
produced in Nigeria two cotton seed o0il milling are
established in Nigeria at Kano and Funtua,

The o0il content of cottorn seed varies between 15
and 25 per cent, The 0il is used in the manufacture of
Margarine cooking fats. The cake left when the oil has
been expressed is a useful source of Animal foedder, as
are the seeds themselves,

Table (V) below shows the fatty acid composition of

cotton seed oil.

T/BLE V
Fatty acid Composition Percentage
Myristic Q.5 = 1,5
Palmitic 20 = 25
Stearic i
Oleic 23 - 35
Linoleic 42 - 54
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1.38f GROUNDHNUT: '

Arachis hvpogaea6.

Its natural habitat is sub—troﬁical part of South
America and West Indies. It is now cultivated in
most tropical and sub-tropical countries.

There are two types of this low growing annual, one
characterized by a spreading or‘running growth, the other
are more bushy type. Both types will grow in tropical and
sub~tropical climatic conditions. It takes about four
months to reach maturity.

Requirements:~ CGroundnut cultivation requiresz 25-50 inches

of rainfall, concentrated in the six months of the growing
season, temperature reguirement is around 80°F (Z?OC) and
growth is favourcd by light loamy, sandy soil rich in lime,.

The biggest producer of groundnut are India, China,
ana Nigeria, Both India and China cultivate the groundnut
entirely for homeconsumption while Nigeria exports her
groundnut, Groundmnut have an ¢il content of forty«five
percent6.

The fatty acid composition is shown below in fig. VI.

Table V1
Fatty acid Composition Percoentage
Palmitic 016 : 0 6 -9
Stearic Cig + O - 3 -6
Oleic C.g * 1 ' 53 - 71
Linoleic ng = 2 13 - 27
Arachidic C,0 : G ' 2 - 4
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Table VI (CONTD')

Fatty acid Composition Percentage
Beharic Csp ¢ O 1T=3
Lignoceric C,, : O 1 -3

1.3z WATER MELON
Citrullus Unlgariss.

Water melon is cglled Egunsi in Yoruba, Ogili in

Igbo, and Agusi in Housa.

Melon seed oil is a clear, yellow cil used locally
as edible o0il with a value cqual or higher than groundnut
0il, It is widely cultivated in Nigeria, it is a creeping
annual which belongs to the gourd (Cucurbitacese) family,

In Nigeria, the fruit is cultivatedmainly for its
seed which form one of the most important sources of
protein in the diet. The o0il is sometimes extracted and
the residue is wrapped and beoiled in water giving rise to
Igbalo or it may be fried in groundnut c¢il to Irobo.,

Melon seeds contain a fair amount of phosporus, Magnesium,
potassium and a fair amount of carotene and Vitamin A,
In view of its high o0il content, it is a high calorific

food,
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1.3h MAIZE OR CORN:- JZe2 Mays linn

Maize is predominantly the cereal crop of the south,

the crog@y, however, is cultivated to some extent

practically throughout the country, It is a sun

loving crop, admirably suited to tropical conditions,

Maize ranks in importance with wheat, rice and oats

in the world production of cereal crop in the United

States of /merica.

In Nigeria Maize offers a fairly cheap source of
feeding stuff in the develecpment of livestock production,
It also offers a relatively cheap source of food for the
rapidly developing pigery industry in Nigeria, The 0il cont-
ent of Nigerian maize is compared to the grains of United
States of America, U.S.,A. 4.0% Nigeria 4,09%, WNigeria has
not grown enough maize as to establish corn oil industry.
Maize is richer in oil than any other cereals except oatsB.
Maize o0il is a dark golden yellow colour which on standing
and cooling, clouds owing to the crystallization of flakes
of waxy material derived from the seed coat. The refined
oil is a bland yellow product much in demand as a salad
oil, for Mayonnaise, and as a cooking oil, It is also used

to a limited extent as a raw material for Margarine,
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Table VII
- Fatty acid Compogition - Percentage
Palmitic o 8 - 12
Stearic - 2-5 £
e,
Oleic 19 - 49
Linoleic . - 34 - 62
Linolenic trace

1.31 SUNFLOWER SEED OIL:  (Helianthus Anpus).

It is indigenous to mexico, extensively cultivated

in Eastern Burope, Turkey, Argentina and South Africa,

It requires a hot summer and fertile scoil to produce

a food crop

0il is obtained from the seed either by pressing or
by solvent extraction. Refined sunflower seed oil is a
pale yellow colour with a pleasant flavour and with a
fairly good resistance to oxidation, It is used as salad

oil, for frying and as a component for Nargarine.
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Table VIII
Fatty acid coumpcsition Percentage
Palnitic 3 -6
Stearic 1«3
Oleic 14 = 43
Linoleic 4y - 75
Aarachidic 0.5 - 1,0

™. %3 COOXKWELL AND SALAD OILS

A

Both Cook=-well and salad oils are refined oils, They
are very pure and highly unsaturated. Salad o0il is obtained
from purification of oils like maize and sunflower oils.

It has a light yellow colour and has a very pleasant
flavour,

1.4a OIL MILLING:

The o0il in all plants is obtained from the microscopic
cells of their secds, In a single sced there are thousands
of cells, the complete seed itself being perhaps no bigger
than ‘a small greeng pea, The methods of removing the oil
are in principle very simple. It is either squeezed out

of the seeds by sheer physical pressure, much as the juice
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is squeezed out of a lemwon, or dissolved out by means

of » spirit, much as a grease stain can be removed from
one's cl9thes. But these simple principles are not easy
to apply, for the walls of the cells which contein the
0il are hard to penetrate, It requires the expensive
machinery and elaborate processes of an oil mi’] to
achieve this,

In an o0il mill the two basic methods of squeezing
cut the o0il or dissolving it with a spirit are after com-
bined. Locally, only physical squeezing is employed,
solvent extraction is never practised. The result of
sequeezing out the oil and digsolving it is that in the
case of groundnut, 46% of the seceds by wedght can be extrace
ted as 0il, and the remaining 54% contains less than 1%
of oil.
1.4b THE OIL MILL:

In Nigeria, cil mills are established where there
are large plartations, The commonest oil wnills to be
found in Nigeria are palm kernel c¢il mills, ¢ roundnut
0il mills and cotton seed o0il mills, these are situated
around the major producing centres in various part of the

country. In Britain the mills are constructed near water




because practically all the oil
abroad.
The gencral process of @bl

is as fcllows:=-

1.4c  CLEANING:

Milling cennot begin until
belt

As it passes on a conveyor

33

seeds are shipped from

milling (or extraction)

the sceds has been cleaned,

from the storage selBs to

the mill, the seed travels under electromagnet which 1lift

ang stray scraps and metal, such, as nuts and bolts from

the harvesting machinery or from the ship.

I'urther electro-

magnet are situated at variocus points throughout the plant

to remove any remaining Ferrous materials.

Then the seed

is put through stmfy sieves which allow the seed itself

to pass but stop anything bigger,

or scraps of straw,

The material

such as small stones

may then gc to a blow=-

ing chamber, wher> a current lifts the seed, while grit

being he=vier,

falls to the bottom of the chamber,

Locally, all the separation is done by hand nicking
aad less
and this waste a lot of time is achieved.
~
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1.44  BREAKING:

The groin is next broken up by rollers, This helps
the heat to penetrate during cooking, which takes place
at a later stage. Also, the o0il flows more readily out
of broken cells when they are put under pressure, Seed
may be rolled in one of the two ways., Large hard seeds
pass through fluted rolfers known as cracking rolls.
These are heavy steel cylinders whose outer surface is
covered with sharp edged grocoves running lengih ways.
Two cylinders rotate together, practically touching, one
moving slightly faster than the other, and any seed
dropped between them is torn to fragmentg by the edges
of the grooves, Falm kernels are one examples of a
tough seed which requires this very thorough rolling,

Qther seeds go through a series of heavy, plain
rollers which break them up by their weight alone, These
rellers usually five in number, 2re mcunted one on taop
cf the other on the principle: of a clothes wringer,
Groundnut seed, which has very little fibre in the walls
of its cells, cun be broken up by this method,
1.4e  COOKING:

To bursi the walls of the o0il cells the seed is now
cocked, It is led through a series of kettles, closed pans

piled on top of one another like the tiers of a wedding cake,
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Between each kettle, and scmetimes round the sides as
well, is 2 steam heated Jacket., Metal arms inside the
kettles stir the seed as the temperature rises to a
maximum of 160 = 230°C (298 - 400 °F) accorling to the
type of seed,

1.4f EXPELLING:

The seed then passes to the expeller where most of
the o0il is squeezed out, The principle is very similar
to that of a kitchen mincer, It has a large, powerful
screw which forces the contents of the machine forward
through a slotted barrel. The pressure which squeeze
the 0il out of the seed cells is obtained by three means:
The barrel becomes narrower at one pcint, the central
shaft bearing the screw becomes gradually thicker, reduc-
ing still further the space into which the moving column
of 0il seed is squeezed; the "pitch" of the screw (the
distance between each turn of the thread) becomes less.,
Round the barrel are a number of long slots varying in
width from 1/20 to 1/100 of an inch. Through these slots
the liquid oil can escape, but not the pulped seed.

The mass of squarshed seed is slowly pushed out to
the far end of the machine. The oil which has trickled
through the slots is pumped through screens and fitters

where all traces of vegetables fibre are removed, After
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filtering, the oil is automatically weighted and pumped
to storage tanks.

The expeller is the basic mechanism of a modern
0il mill., There are several kinds. A low pressure
expeller with a large capacity will handle three or four
tons of sccd an hour, expelling about two-thirds of the
0il from cooking seed. The c¢il produced by this method
is of very high quality, since oil alone is expelled,
To remove the remaining oil, the sced is next put through
a solvent extraction preocess. For solvent extraction
the seeds are ground in such a way as to produce flakes
rather than very fine particles. The flaked material is
then extracted in suitable equipment by mecns of a low=
boiling solvent, usually a petroleum fraction, The crude
0il from this process is allowed to settle and is then
filtered to remove colloidal matter, free fatty acids and
colored impurities., A number of processes are employed
for this purpose, including treeatment with alkali and
adsorbent materials, A further process, known as deodo=-
rization may be applied to edible oils, This process
consists of treatment with steam at a high temperature
and under low pressure to remcve volatile materials such

a residual sclvent certain free acids, and other substances
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which would give undesirable tastes or odours, A final
treatment of codible oils may consist of hydrogenation
and blending of the hydrogenated product with other oils

to obtain a product of the desired characteristics,

7.5 ECONOINIC IMPCRTANCE OF VEGETABLE OILS & FATS:

The chief importance of vcgetable oils is in their
food value1, Oils and fats are vital ingredicnts of
a balanced diet because they supply bodily warmth and
build physical energy, and in recent years vegetable
sources have accounted for about three-fifths of the
world's consumption, the rest coming from animal fats
and marine oils,

These edible oils are consumed in varicus ways, In
their natural liquid state they are used in warmer climates
for cooking., In the Western World they arc eaten chiefly
in spreadable form, and the main demand for them comes
from margarine industry, In essence, vegetable oils are
very vital in manufacture of margarine, Other food
industries which make use of vegetable oils include the
manufacture of cooking fats and salad dressings and
Ice cream.

In addition to their value as a source of oil, the
seeds of several of these plants have high protein content,
in particular groundnut, water melon and soyabean, For

this reason the residue after thc oil has been extracted
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in many cases provides animal fodder.

Outside the real of food manufacture, vegetable oils
feature in a wide vafety of industries ranging from soap
manufacture by far the most important tc the producticn of
- paints, varnishes, lubricants and plastics, protective

coatings.,



CHAPTER 2

SQURCES OF OILS AND METHODS
OF ANALYSIS
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2.0 SOURCES OF OILS AND METHOD OF /NALYSIS

0il samples used in this proJject were ceollected
from different lecations. 2All samples were obtaincd
from local sellers in various markets and imported oils
were obtained from supermarkets, Samples analysed in this
project included palm oils obtained from Oyan in Oyo State,
this is locally produced in that town, palm oil from
Samaru, Funtua and Kano,

The sources of palm oil in these three’towns mentioned
were from Anambra and Imo States, This is because Samaru,
Funtua and Kanc are non-producers of palm oil due to their
geographical locations.&roundnut oil, cotton sced oil were
bought from Samaru, Funtua and Kano markets respectively.
Palm kernel and coconut cils were obtained from Cyan in
Oyo State.

Melon secd was bought from Samaru market, This was
roasted for about 2 hours and then grounded, [ fter this,
the 0il was extracted from the crushed seed using petro-
leum ether as the solvent by soxhlet method of extraction,
Both corn, sunflower, salad were bought at Leventis
stores in Zaria, Cookwell o0il was bought 2t Kowa stores
Nigeria Limited, Samaru - Zaria.

All oil sampleswere kept in a closely covered conta=-

iner to avoid any contamination bcfore analysis,
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2,1 ANALYSIS:

Analysis of o0ils is required for an assessment of

2’3'&, as well as their identification, £~

their guality
number of physical and chemical constants have been
established for these purpcses. Many of them are
empirical, while others 2re guite specific measurement
of the characteristics bf the cils.

Each of the é%ﬁgﬁggigsthat will be discussed are
chosen in order to determine tne characteristics of the
glycerides or fatty acids contained in the oils, The
analysis involved oils, which are not soluble in agueous
medium, hence the various determinations were carried
out in non-aqueocus medium. Solvents used were, Toluenc,
alcohols (Isopropyl alcchol and ethyl aleohol), Carben
tetra~chloride chloroform and acetic acid. In most of
the determinations volumetric method of analysis were
used.

Standardization of acids and other reagents and
parameters were carried out using volumetric analysis
and or spectrophotometric methods.

Unless otherwise stated all reagents used were of

Analar grades,
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The physical and chemical constants determined are
as follows:

2,172 SAPONIFICATION V/LUE:

This is a mensure of mean weight of the oil, and it
denotes the number of wmiligrammes of potassium hydroxide
which is required to saponify 1 gramme of o0il, that is
to neutralize the free fatty acid and the fatty acids
combined as glycerides3'8.

PRINCIPLE:~

The saponification value was determined by completely

saponifying the oil with a known amount of potassium

hydroxide, the excess of which was determined by
titrationa.
REACENTS:

Hydrochloric acid: 0,50M agueous solution accurately

standardized., Potassium hydroxide: 0.50M solution in

isopropyl alcchol,

Phenolpthalein Indicator:- 1% solution in isopropyl

alcohoel,

APPAR/ATUS:
250ml1 conical flasks, condenser and round bottom

flasks, burette,
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PROCEDURE :
About 2g of 0il was weighed, 25ml1 of 0.5M alcoholic
potassium hydroxide was accurately measured to the
cold ¢il and was heated under reflux for one hour,
The flask was swirled from time to time, The rlask
was then allowed to cool a little and the condenser
was washed down with - little distilled water,
The excess potassium hydroxide was titrated with
0.50M hydrochloric acid, phenolpthalein was used
as indicator, Blank dectermination was carried out
under the same conditions with the o0il,

CALCULATION:

Sapenification value = 56.1M(V2 - V1)

where W = weight in grammes of the oil used
V, = volume (in ml) of hydrochloric acid
used in test,
V2 = volume (in ml) of hydrochloric acid
used in blank.
NOTE:
Alcoholic potassium hydroxide was prepared by boiling
1 litre of isopropyl alcohol under reflux with 8g.
pottassium hydroxide and S5g a2luminium gra2ins or

(foil) for 1 hour, it was then distilled. 35g of
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potassium hydroxide was dissolved in the distilled
alcohol, The solution was allowed to stand for some

days before use,

2.1b ACID VALUES:

Acid values denocte the number of miligrams of
potassium hydroxide needed to neutralize the free acids
in 1g of oil, It is a measure of the amount of free
fatty acid in o0il, Some of the deterioration that takes
place during storage of either raw material from which
the o0il is obté&ned or in the o0il itself after isolation,
results in ﬁydrolysis of triglycerides to yield free fatty
3,8

acids -

PRINCIPLE: -

The oil is dissolved in an appropriate solvent, after
which solution was titrated with potassium hydroxide.
The amount of potassium hydroxide solution consumed
was a measure of the acidity of an oil.

REAGENT :
Solvent:- Equal volumes of toluene and isopropyl
alcohol were mixed, It was neutralized with 0.1M
potassium hydroxide solution before used., Phenolp.

halein was used as indicator.
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Potassium hydroxide:~ 0.1M KOH prepared by boiling

6.0g of potassium hydroxide in 1 litre of water fer
1 hour 2,0g of barium hydroxide was added and
boiled for 5 minutes. It was cooled and was
allowed to stand for some hours. It was standard-
ized with potassium hydrogen pthalate,

Phenulpthalein Indicator:- 1% solution in alcohol.

APPARATUS : =

250ml conical flasks, burette
PROCEDURE:
5g of the oil was weighed and 30ml of the mixed
solvent already neutralized was added, The sample dis-
solved in the solvent and was titrated against potassium
hydroxide solution, The end point was pink,

CALCULATION:

Acid value = (56,1) A M
W

where A = volume of potassium hydroxide solution used
in ml.
M = Exact Molarity of the potassium hydroxide
solution,

W = Sample weight in g,
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2.17c % FREE FATTY ACID:

The free fatty acid was calculatzd as the percentage
b weight of fatty acié of specified mclecular weight,
Normally, Oleic acid with a molecular weight of 282 was
taken or the value obtained i§ divided by 1.99% for
Oleic acidz.

Procedure:- as for acid valuecs,

2.17d PEROXIDE VALUE:

The peroxide value is expressed in milli-equivalent
of peroxide oxygen per kg, o0il., The peroxide value is
usually used as an indicator of dctericration of oils.

As oxidation takes place, the double bounds in the unsatus
rated fatty acids are attacked. These breakdown to produce
secondary oxidation products which indic2te a condition
known as rancidity,

PRINCIPLE:

The peroxide value is determined by subjecting

potassium Iodide at room tempersture to the oxia tion

effect of peroxides. The Iodine thus liberated,

was titrated with standardized sodium thiosulphate.
REAGENTS :

2 volumes of glacial acctic acid and 1 volume of

chlorcform were mixed.
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2.1¢ IODINE VALUE:

The Iodine value of an o0il denotes the weight in
grammes of halogen, calculated as iodine capable of
being absorbed by 100g of sample under specified con-
ditions, It is an approximate measure of the number
of Olefinic and acetylenic bonds in the substance, It
measures precisely the amount of Unsaturation in the
fatty acid radical of the glycerides, N
PRINCIPLE:
The Product to he investigated was treated with
# Iodine monochloride solution., After the addition
of the halogen has taken place, the excess of Iodine
monochloride was determined by titration with sodium
thiosulphate solution.
REACENTS ¢
Carbon tetrachloride.

Potassium Iodide: 10% aqueous solution,

Sodium thiosulphate:~ 0,1M aqueous solution stand-

ardized with potassium dichromate (0.2g of potassium
dichromate was weighed dissolved in 50ml of water,

2g of potassium Iodide was added and 5ml concentrated
hydrochloric acid was added and standardized with

sodium thiosulphate).
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Starch Indicator:

Wijs Solution:~ This was prepared by dissolving about

9g of iodine trichloride in a mixture of 700ml glacial
acetic acid and 300ml carbon tetrachloride,

APPARLTUS :

250ml conical flask, burette,

PROCLLDURFE 2~

The amount of sample used depends on the Iodine

. . . 2,8
number of oils as indicated below™ ',

Todine Numbor Amount of Substance Used
20 - 60 0.34g
80 -~ 130 0.15
130 and above 0.10

The amount of o0il weighed was put into the conical
flask, 10ml of carbon tetrachloride was added to dissocolve
whep 0il. 25ml of the Wijs solution was added. The
confent was mixed thoroughly and it was allowed to stand
in the dark for one hour at 27°¢C,

After standing for 1 hour 15ml of potassium lodideé
solution and 100ml of water were added. This was titrated

with sodium thiosulphate solution with proper shaking.



49

starch soluticn was added when ye¢llow colour appeared
sodium thiosulphate was added to the blue colour in the
conical flask drop by drop until it disappeared completely.
Blank determination was carried out under the same
condition,
CALCUL.LTIONS:
Todine Value = 12,69 M(V2 - ?!i

W
where W = weight (in g) of sample used

V1 = volume {in ml) of sodium thisulphate

used in test

Volume '
VZ = Megapity of the sodium thiosulphate,
M= Molariy of Sedwm “hiesalphsite

2.1f UNSAPONIFIABLE M.TTER:

This is a measurement of the water insoluble components
produced after neating the fat with potassium hydroxide,
The amount of unsaponifiable matter found in edible oils
is usually very small and high values may indicate con-
tamination or adultcrationj.
PRINCIPLE:
The fatty matter was converted into soap by alcoholic
potassium hydroxide solution, the solution was diluted

with water and the unsaponifiable matter was extracted

with diethyl ether.
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APPARATUS:
Round bottom flask 250ml fitted with condenser,
Saparating funnels 500ml.

REAGENTS :
Alcoholic potassium hydroxide solution approximately
"M (Reference to note under saponification value for
preparation).

Diethyl ether

Potassium hydroxide solution 0,5M Acetone.

PROCEDURE :
2g of o0il, was accurately weighed into round bottom
flask, 25ml of alcoholic patassium hydroxide solution
was added and the mixture was heated under reflux
for one and half hours, When saponification was
completed the content of the flask was transferred
into a separating funnel and the round bottom flask
was washed with 50ml distilled water, the washing
was added to the separating funnel, The flask was
rinsed with 50ml of diethyl ether which was then
carefully poured imtc the separator. The separating
funnel was shaken and the mixture was allowed to
stand and the two layers scparated. 10mls of 1M
hydrochloric acid was added because of the emulsion

formed.
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“The agucous layer was drawn off when the layers

had separated, The ether layer was washed two

times with 20ml of water and was shaken vigorously.
20ml of 0.5M aqueous potassium hydroxide was added

to the ether laver, it was thoroughly shaken., 5mls
of 0,1MM hydrochleoric acid was added because of the
emulsion formed. The aqueocus layer was discarded

and 20ml of distilled water was added shaken and

the water layer was discarded, The same process

was repeated twice again with 20ml aguecus potassium,
hydroxide and 20ml water. The ether layer was washed
with 20ml distilled water until the wash water was

no longer alkaline to drops of 1% alcoholic phendl-
pthalein, ’ ﬁ
The ether solution was transferred to a 250ml conicél
flask and the ether was evaporated to a small volume.
The remaining solvent was transferred to a small |
conical flask which has been weighed., Few ml of
acetone was added when the solvent was almost
evaporated, The evaporation was continued until

all the solvent was evaporated. The residue was

heated to a constant weight at 80°C,
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CALCULATION:

Unsaponifiable Matter = Residue x 100
W

where W = welight of oil used,

2.17g HYDROXYL VALLUE:-

The hydroxyl value is the pumber of Mg. of potassium
hydroxide required to neutralize the amount of acetic
acid capable of combining by acctylation with 1g of
samplea'g.
The method of determination of hydroxyl content does
not differentiate between OH groups in the fatty acid
chains and those present in Mono or diglycerides.
PRINCIPLE:
The hydroxyl groups were acetylated with a known
amount of acetic anhydride and 2g of sodium acetate.
The excess acetic anhydride was decomposed with water
and the acetic acid formed was titrated with ethanolic
potassium hydroxide.
REACENTS : =
Sodium acetate
Acetylating agent - acetic anhydride, potassium
hydroxide in alcohol 0,5M.
Phenolpthalein Indicator:- 1% solution in 96%

ethancl v/v.
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APPARRTUS:-
Burette, Conical flasks, round bottom flask,
condenser,
PROCEDURE 1 ~

10cc. of il sample was measured and introduced
inte a round bottom flask, 10cc. of acetic gnhyde
ride was added and accurately weighed 2,0g sodiom
acetate was added, Condenser was attached in a
reflux position; the content was bolilcd.gently for
1 hour. The flask was allowed to cool for 15
minutes and 50cc. of distilled water was added
through the top of the condenser. The flask wasg
heated on a steam bath for 15 minutes with frequent

| shaking to destroy the excess acetic anhydride.
The contents were transferred into a separatory

- funnel and the flask was rinsed with 10cc. of water
twe times. These were added to the content in the
separatory funnel. This was thoroughly shaken 1o
make sure that the agueous layer was in contact
with the ©il layer., After this the aquecus layer
was rejected and the oil layer was washed with >0cc
of saturated sodium chloride. The washing wasg done

until the washing was neutral teo litmus., The oil



54

was dried with anhydrcgs sodium sulphate and was
filtered.

2g of acetylated o0il was weighed and introduced into
a round bottom flask. 25ml of 0,5M ethanolic pota-
ssium hyaroxide solution was introduced to the
acetylated oil, and was refluxed for thirty minutes,
Two drops of 1% phenclpthalein indicator was added
and this was titrated with O0.5M hydrochloric acid.
The blank determination was carried out

CALCULATION: -

Hydroxyl value = 56.1(M)(V, - V,) Acid Value
w

where W = weight (mg) of oil
V, = volume (in ml hydrochloric acid used in
test,
V, = volume (in ml) hydrochloric acid used
in blank,
M = Molarity of hydrochloric acid.
2.7h ASH CONTENT:

The ash caontent is described as the percentage of
Inorganic residue remaining after ignition of the cil.
APPARATUS :

Quartz dish,
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PROCEDURE : -
10g of 0il was weighed into the Quartz dish which
had been weighed, The dish was heated carefully
to the ignition point. When the burning has
finished the dish was heated in the furnace at
700°c, The dish was‘cooled and welighed again,

CALCULATION:

Ash % = 100 X WZ

Wy

where W, = weight (in g) of sample
W, = weight (in g) of ash
2.171 REFRACTIVE INDEX:

Refractive index of an 0il is the ratic of the sine
of the angle of incidence to the since of the angle
of refraction when a ray of light of wavelength
589.3 MN passed from air into the 0118.
APPARATUS
Instrument used i® ALbbe 60 refractometer,
PROCEDURE s =
The space between the prism were filled with oil. Ample
time was allowed for the oil and prism to attain steady

temperature, After this the prism was closed and properly

tightened, The Instrument was adJjusted sc that the

xRN
~ . ./»./ \%\_!’.
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2,1J SPECIFIC GRAVITY:-

Specific gravity denotes the weight ratic of oil

in air of weight of water in air,

APPARS.TUS ¢
Glass pycnomcter,

PROCEDURE ;: -
The measurements were carried out at room temperaturc.
The pycnomcter was weighted empty and the weight
recorded., Then it was filled with air free distilled
water, this was weighed again, The water was poured
away and the glass was cleaned properly with absolute
ethancl., It was then filled with 0il and weighed
again,

CALCULATION:

weight of o0il in adr
weipght of water in air

Specific gravity

2.1k TRACE ELEMENTS:

Phosphorus, Iren, Copper, and Magnesium.

Trace elements were obtained in aqueous solution
by dry ashing. This was a follow up from the
determination of the ash content of the oils.,

The ash obtained was treated with Smls of6MHCl to
wet it completely and it was carefully heated to

dryness at low temperature over hot plate,
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15mls of 3M hydrochloric acid was added and it was
hcated on hot plate until the solution just boiled.
The contents werc cooled and filtercd into 100ml
volumetric flask. The dish was washed for at least
three times with distillcd water. The flask was
filled up to the mark.

PHOSPHORUS :

This element was determined using colorimetry method
by applying Moclybdenum blue method,

PRINCIPLE: -
Orthophosphate and Molybdate ions condense in acidic
solution to give Molybdophosphoric acid whie¢h upon
selective reduction by hydrazinc sulphate produces
a blue colour, due to Moclybdenum blue of uncertain
composition.
The intensity of the blue colour is proportional
to the amount of phospahte initially incorporated
in the heteropoly acid.

REAGENTS &
12,5g of sodium Molybdate was dissolved in 10M -
sulphuric acid and was diluted to 500ml with the
acid, Hydrazine sulphate solution: 1,5g of hydrozine
sulphate dissclved in deiovnized water and diluted

to 1 litre,
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PREPARATION CF STANDARD:~

0.4391g of potassium biphosphate was welghed and
dissolved in distilled water and made up to 1000ml.

The solution cont~oined 1000ppm. of phosphorus. 10mlo}

W %amr’hv'f\ W P;Pé"f{"’% e (D 0ed
A volumetic flask and was made up to the mark. This

‘was the working standard steck solution. From this,
10ml of it was pipetted into another 100ml flask to
obtain 1Oppm. From this 0,1, 0.2, 0.3, 0.4 and 0,5mls
of the working solution was pipetted into a separate
100ml veolumetrie flasks respectively, This gave O.lppm,

0.2ppm, O.3ppm, O.4ppm and O0.5ppm respectively,

10mls of the solutions were pipetted into another

of 50mls volumetric flask. 5mls of Molybdate solu-
tion was added followed hiy addition of 2mls of
hydrazine sulphafe. After the addition, the solutlon
was diluted to the mark. This was warmed in a steam

bath until the blue colour devaeloped.

The cuvette of the spectrophotometer was filled with
blue sclution and the absorbance was measured at a
wavelength of 720mn, distilliced water was uscd as
blank, These absorbances were used to construct

the calibration curve.
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The same procedure was repeated for other samples
by taking 10mls of the sample scolution, and adding
5mls of Molybdate solution and 2ml of hydrazine sule-
phate solution, This was subsequently warmed to
develop the colour, The absorbance was doetermined
at the same wavelength,

APPARATUS t =
Perkin spectrophotometer 1700,

CALCULATION: -
Read the P values (mg/100ml) of the sample from

the calibration curve,

Phosphorus content of solution mgp/100m1 = a (ppm)
Wt of the sample used = W
Dilution Factor = F

total phosphorus content as % = %EEEEW

Bocth Iron, Copper and Magnesium were determined by
Atomic Absorption spectroscopy.

PREPARATION OF STAND..DS:
2.53g of Mognesium nitrate, 0,981g of copper sulphate

and 1,20g of Ferric chloride were weighed respectively
and dissolved in distilled water and the sclution
were made up to 250ml. The solution contained 1000ppm.

10ml from each of copper, Iron and Magnesium stock



60

solutions respectivcly were plpetted into separate
100ml volumetric flzsks and were diluted to the
mark with distilled water, These served as the
working stock soclutions, Final dilutions were
made by pipeting out 2,4,6,8, 10mls of the
working stock solution respectively into a series
of 100ml volumetric flasks. These provided

2ppm, 4ppm, Eppm, 8ppm, 10ppm,.

These solutions were taken to the Atomic Absorption
Spectrophotometer for absorbance measurement, The
wavelength of the absorption for thase elements
were Mg A 285.2 CUA 324.8 and Fe A 248,3. The
same procedure was repeated for the sample solution
PRINCIPLE: -
Atomic absorption spectrophotometer was used to
measure trace amounts of clements present in oil
samples by aspirating solution into the atomiier.
The solvent was evaporated and the sample compounds
were thermally decomposed and converted into the
gaseous stage of the atoms. The atoms of the

elements became excited and light is emitted.



61

The ncutral atoms absorb light from the hollow
cathode tube source that cmitted the same
characteristic wavelength of the single element
to the determined, The selected spectra line
were isolated from the emerging bezm by a

monochromator and its intensity was measured,
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DISCUSSION AND RESULTS

0ils arc natural products and are therefore subject
to some variations imcampositionand certain specific
constants, suc that these constants fail within a range.
From time to time when oils arc available, %heir constants
could fall outside the norm2l range. These variations
in composition and constants are dependent on a number
of factors among which are differences in botanical
species, climatic conditions, soil composition rainfall
and temperature,

The quality of the o0il which in most cascs is the
more important economically, is determined by the frece
fatty acid content. The Higher the value of the acid
content the lower the qualify of the oils., The purcose
of quality control is to ensure that oils are produced
within a particular specification. The main quality
criteria for good oils are low free fatty acid, this
could be as low as 0.0.%, the peroxide value which is
usually used as an indicatcr for the deterioration of
fats and extent of oxidation whiéh shculd be as low as

2 to 10%5 -
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T/RBLE 1

N AME ITODINE NUMBER
Coconut oil 7 =10
Cotton oil 99 = 115
Groundnut oil B84 - g9
Corn oil 10% -~ 128
Palm oil 46 - 60
Palnkernel oil 14 = 23
Sunflower cil 122 ~ 136

Other data are determined on the oils in order to
assess the gquality of the oils. |

These include unsaponifiable matter, saponification
value, refractive index, specific gravity and the trace
elements, A1l these parameters are used to give an
adequate measure of the quality of the oils.

_ Unsaponifiable matter is a measurement of the

water ingoluble components produced after heating the
01l with potassium hydroxide, The amount of unsaponifi-
able matter in edible oils is usually small, high figures
may indicate contamination or adulterstion. It is alsc

used to check the prescence of fuel oil or lubircating

B
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0il in the 01133. In most refined oils the content of
unsaponifiable matter largely sterols is 0.5 = 1.0%3’8.

The saponification valuc is used to characterise
and identify oils, It is also used to indicate thz mean
molecular weight of oils,

The refractive index is a physical attribute of
triglycerides, measured by the angle through which a
beam of light is bent when passing through a thin film
of oils, It is used to characterise cils in checking
purity of o0il or searching for componcnt of a mixture,
It is also used to measure the unsaturation in oils,

The density is widely used for laﬂ}atory control
of the purity of oil, It is used to check adulteration
g;dcontamination. It is ugwlly less then 7.

The maintazinance of a correct osmotic equilibrium
and fluid pH in the body is esscntial for the correct
transfer of nutrients and metabolites across cell
membranes and around the body, and hence essentiat for
life, The most important electrolyte that are present
in the body fluids and served to maintain the correct
osmotic equilibrium and body building are copper, iron,
magnesium, sodium, potassium, chloride, bicarbonate and
phosphate ions, In this project only traces of copper,

iron, magnesium and phospate ions were determined,
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Phosphorus is associated with calcium in bones and
teeth and general metabolism, The sources of phosphorus
is rather widespread. For the chances of dictary
deficiency to be remote both phosphorus and magnesium
should be present in sufficient amount in nearly all
foods hence they are found in trace amounts in oils.

Iron is necessary for the carrying and exchange of
oxygen in the blood of Mammals, and for many systems
involving oxidation and reduction in the body, The
amount of Iron which is required to supplement vitamins
and tolerzted by human beings per day is about 12ppm.11’17.

Copper is an excellent catalyst for oxidation reduc-
tion systems in the body. The permissible consumption
of copper in the body is very low about 2ppm.

In most cases all these trace elements are present
in the vegetable, but grecter amount of these eclements
arc removed as a result of subjecting the oils to high
temperature and chemical treatment, For example average
level of phosporus ip crude palm oil of about 15 = 20ppm
is significnnt15. Degumming methods certainly reduce the
level to less than 4ppm and less tha® 2ppm at times,

Fully refined palm oil have no detectable metallic ionss.
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Table 11 shows a representetive analysis of sonme

vegetable oils by L.Ve Cocks and Van Rede (1966)8. It

is a comparison of the various oils,

Each of the constants used in this project in

examining each of the oils was chosen to measure the

characteristics of the glycerides and fatty acids.

Table 111

shows

determinations carried cut in this project,

CHARACTERISTICS OF THE MQRE COMMON OILS

VEGET/ BLE OILS

TABLE 11

the results obtained for the

- o ) . I

OIL OR FAT ginSIEY Refracture ?igggion Icdine| Unsaponi-
20°C Index value Value | fiable

Al matter %

Coconut 0.907 1.448 263 7=10 0.5=-1.0
Cotton Seced 0.916 1.477 158 115 1.5
AV LLo—-

Corn 0.917 1.472 1893 128 2.0
" Palm oil 0.890 1,453 205 46-60 | 1.0
Palm Kernel 0.305 1,451 252 235 1.0
Sunflower 0.916 1,473 194: 136 1.5

* L.V, Cocks and Van Rede (1966)
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TABLE 111 (CONTD.)

PFf;xiﬁe Iodine}] %FFA as} % Ash Acid EUHS?pO
valuae value Olic Content] valuelnifia-
ble
Matter
Palm oil (Oyan) 7 .20 67.77 6.99 99.95 113.85] 0.36
Groundnut cil(Samaru)] 4.80 81.73 0.34 99,97 0,68 0.44
Groundnut oil 2.40 10,83 1,05 99,96 2.1} 1.48
Cotton seed oil(Samaru)4,80 101,97 Q.12 99.82 Q.231 0,56
Sunflower o0il L .80 155.35 0.08 99.96 0.18} 0.68
Corn oil 4,80 155,58 0,30 99.95 0.581 1.29
Salad oil 4 .80 172,76 Q,05 99,99 0.11t 0.90
Cook well oil 4,80 118.50 0.11 99,85 0.21 1 0.35
Palm Kernel oil 4,80 18,67 4,63 99,92 9,221 0.88
Melon seed o0il 4,80 h32.58 1.99 99.88 | 3.90 ] 1.60
Cotton (Kano) 4,80 h20.32 0.11 99,89 0.21 | C.44
Groundnut o0il(Kano) 4,80 14,53 0.Mm 99,97 0.21 | 0.70
Cotton (Funtua) 6.00 N21.35 0.32 59,565 0.64 | 0.48
Groundnut oil(Funtua) | 7.20 111.74 0.264 99.95 0.48 10,43
Palm oil (Samaru) 7.20 76.27 12 .64 99,96 P5.06 {0.45
Palm oil (Funtua) 6.00 5%.95 |31.99 99,90 63,66 {0,40
|
}
Palm o0il (Kano) 7:20 59.12 118,66 99.93 37.03 (0.45
) i |




TABLE 111(CONTD, )
Phosphorus { Iron Magnesiumg ..
content % Content| content 2JPpﬁr.
£ content
ppm pon :
ppm

Palm oil (Oyan) 0,045 8.6 0.7 3.00
Groundnut oil (Samaru) 0.067 2.0 0,32 1.90
Coconut cil 0.051 2.5 1.24 3.20
Cotton seed oil {Samaru) 0.105 142 0,24 1.00
Sunflower cil 0.035% 0.8 0.04 1.10
Corn o0il 0,033 1.2 0,00 1,20
Salad oil 0,033 2 0.13 1.10
Cook well oil 0,083 0.4 0.06 1.10
Palm kern2l oil 0.065 54+8 0.26 5.50
Melon secd c¢il 0.316 0.6 1,46 1.40
Cotton (Kanc) 0.105 0.65 0.2 1.20
Groundnut o0il (Xano) 0.067 0.2 0.30 1,20
Cotton (Funtua) 0,105 0.45 0,22 1.10
Froundnut oil (Funtua) 0,067 0.4 0,32 1.80
Palm oil (Sz=maru) 0.048 5.1 0,32 3,20
Palm 0il (Kano) 0.05¢ 2.6 0.14 5,20




The results obtained are discussed below as felows:-

3,10 SPECIFIC GRAVITY AT 27°C

TABLE TV
NAME DENSITY
Palm 0il (Oyan) 0.9042
Groundnut oil 0.9127
Coconut oil 0.9208
Cotton oil 00,9161
Sunflower oil 00,9188
Corn oil 0.9187
Salad oil 0,9190
Cook well o0il 0.9094
Palm Kernel oil 0,9206
Melon seed oil 0,9158
Cotton o0il (Kano) 0.9138
Groundnut o0il (Kano) 0,9142
Cotton 0il (Funtua) 0.9176
Groundnut 0il (Funtua) 0.9141
Palm oil iSamaru; 069177
Palm 0il (Funtua 00,9010
—Palm 0il (Kano) 00,9291

From the above table, the result shows that the density
of the oils are almost identical. It shows that the density
of all the oils investigated in the project is less than 1.
However, thcre are some in significant differences in their
values. Both locally produced oils like palm kernel oil,
palm ¢il have identical density with the more refined oils

like sunflower, cookwell o0il and others. Since specific
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gravity is associated with the purity of the ¢il it
could be concluded that all the vegetable olils used in

this work are reasonably pure,

3.1 REFIACTIVE INDEX AT 27°¢

NAME REFRACTIVE INDEX
Coconut oil 1,451
Groundnut oil{Samaru) 1.472
Cotton oil(Samaru) 1.471
Palm o0il (Oyan) 1465
Palm kernel oil 1.456
Cookwell oil 1,463
Salad oil 1.470
Sunflow oil 1.470
Corn oil 1.470
Melon oil 1.465
Groundnut oil(¥ano) 1,472
Groundnut oil{Ffuntua) 1,472
Palm il (Kano) 1,465
Palm il (Funtua) 1,465
Palm o0il {Samaru) 1465
Cotton o0il (Kanc) 1.471
Cotton o©il {(Funtua) 1.471




72

The results show that the refractive index of all
the oils investigated in the project are alnmost identical,
The differences in the figures obtained are insignificant,
The Figurecs vary from 1.451 {coconut) to 1.472 (groundnut
oil). | '

Tdentical velues obtained for all the olils also
conflrms the ecarlicr conclusion reached from specific
gravity mecsurewents that ali the oils used can be gaid
to be pure,

3,72 PEROXIDE VALUL:

TLBLE VI

NAME PEROXIDE VALUE
Palm oil (Funtua) 6.00
Cround nut oil {(Funtua) 7.20
Cotton oil (Funtua) 6,00
Palm oil {(Samaru) 7.20
Groundnut oil {Samaru) I, 80
Cotton oil (Samaru) 4,80
Palm oil (Xano) 7420
Groundnut oil (Kanc) 4.8)
Cotton oil (Kano) 4,80
Palm oil {Qyan) 7 .20
Coconut oll . 2.47
Sunflower oil 4,80
Salad oil 4.6
Palm kernel oil 4,80
Cookwell oil 4,80
Corn oil _ : 4.80
Melon ©il , L, 20
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From the above results, Groundnut (Funtua) 7,20,

Palm oil (Samaru 1.20), Palm oil (Kano 7.20) Palm oil (Oyan
7.20) have the highest peroxide values others have 4,80,
Only coconut o0il has the least peroxide value (2,40)

Palm oil (Funtua) and Cotton (Funtua) have (6.00) ar

their peroxide values,

The results show that oils having high peroxide
value of (7.20) can easily oxidised than those with
lower values, as a result these oils can go rancid very
easily than cils with lower peroxide values,

The results Indicate that all refined oils and some
locally produced o0il like groundnut Kano (4.80) and others
have the same stability towards being oxidized. The o0il
having the lcast peroxide value is the one which can be
very stable and can not easily go rancid or deteriorate,

A1l the o0ils under investigation in this project
show a very low peroxid=z values ranging from 2.00 - 7,20,

The could therefore be regarded as very good oils,



3.13 HYDROXYL V.LLUE

TAELE VII

NAME HYDROXYL V.LUE
Coconut oil 47.57
Cock well oil 39.05
Salad oil 38,22
Sunflower oil 42,68
Corn cil 41,25
Cotton o0il (Samaru) 19.91
Groundnut (Samaru) 17,52
Palm oil (Funtua) _ 27.33
Palm o0il (Samaru) 42,73
Groundnut o0il (Funtua) 18,45
Cotton oil (Funtua) 11.71
Palm o0il (Kano) 51.97
Cotton o0il (Kano) 12,87
Groundnut oil (XKano) 20,87
Palm oil (Oyan) 15.30
Melon oil 68,72
Palm kernel oil 25,85

The above result shows the same pattern with the
percentage free alcohol, Melon seed cil hag the highest
value of hydroxyl value (68.72). This is closely
followed by palm o0il (Kano) (51.97). Others having
very closely relatcd figures are coconut oil 47,57, sun-
flower oil 42,68, corn oil 41,25, pé&lm oil Samaru 42,73

respectively,
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The lowest value is cotton (Funtua) 11,71. This
is an indication that not all the alcohols present in the

0ils arc released during the reaction.

3,14 PERCENTAGE FREE ALCOHCL:

‘ TABLE VIII
NAME %
Coconut o0il .09
Cook well oil £ .60
Salad nil €.45
Sunflower oil ' 723
Corn oil 6,98
Cotton o0il (Samaru) 3.32
Groundnut oil (Samaru) , 2,91
Palm 0il (Samaru) 724
Palm oil {(Funtua) 4,58
Groundnut 0il {(Funtua) 3,07
Cotten o0il (Funtua) 2,00
Palm o0il (Kano) 8,87
Cotton o0il (Xano) 2.13
Groundnut oil (Kano) 3.48
Melon sced oil : 11.88
Palm kernel oil ' 4,32
Palm oil (Oyan) 5.54h

The teble above shows that the percentage free elcchol
present in each of the olls varied from one o0il to the

*f-other.
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The resﬁlt Indicates that molon seced oil extracted
in the laboratory has the highest percentage free alcohol
{11.88), Coconut (8.09) both sunflower oil and palm oil
Samaru have (7.23 and 7,24) respectively. Palm oil Kano
(8.87). Three oils have very close percentage frec
alcohol namcly Cook well oil (6.60), Salad oil (6,45)
and Corn o0il (6.98). The least percentage free alcoheol
is cotton (Funtua) it has 2,00, The differences in the
percentage free alcohols might be due to difference in
composition of the triglycerides. It can be concluded
that the percentage free alcochols in most of the oils are
low,.

3.5 SAPONIFICLTION V.1UE:

TABLE IX

NAME SAPONIFICATION VALUE
Coconut oil 276,15
Cotton (Bamaru) 221.39
Groundnut {Samaru) 226,01
Palm 0il (Bamaru) 226,24 "
Palm oil (Oyan) 227.56
Palm 0il (Funtua) _ 265,41
Cotton cil (Funtua 227 .84
Croundnut ¢il {Funtua) 230.23
Palm oil (Kano) : 245,42
Cotton il (Kanu) . 226,42




SAPONIFICATION Vi..LUE (CONTD.)

TABLE IX (CONTD.)

NAME SAPONIFICATION VALUE
Groundnut o0il (Kano) 223,04
Palm kernel oil 286,95
Corn cil 177:39
Sunflower 195,99
Melon c¢il 161,69
Salad oil 195.27
Cookwell oil 195,27

The abeve result show that coconut o0il and palm
kernel oils have the highest saponification value, The
values are (276,15) and (286.,95) respectively. Cotton
(samaru), Groundnut Samaru, Palm oil Samaru, Palm oil
(Oyan), Cotton o0il (Funtua), Groundnut oil Funtua, Cotton
0il (Kaneo) and Groundnut cil (Kano) have almost identical
values, The values are (221.39), {(226.01), (226,24)
(227.56), (227.84), (230.23), (226,24) and (223.04)
respectively.,

The values for palm oil Funtua (265.41) palm c¢il (Kanco)
(245,42) are higher than that of palm oil (Oyan) (227.56)
and that of Samaru palm o0il (226.24). The differences in

values could be attributed to the fact that all th:se ocils




are not produced in the same locality, The moede of
preparation could affect the result,

0ils obtained from Funtua (265.41) and Kano (245.,42)
could be very cconomici:l for the manufacture of soap due
to their high saponification values. Other oils under
investigation have lower saponification values than the
one considered above, The values ranges from 177,39 =

195,97 for sunflower, salad, melon sald respectively,

3.16 IODINE V.LLUES:

TABLE X
NAME IODINE VALUES
Salad oil 172,76
Sunflower oil 155.35
Corn oil 155,58
Melon oil 132,58
Coconut oil 10,83
Palm kernel oil 18,67
Groundnut oil (Samaru) 91.73
Cotton cil (Samaru) 101.67
Palm o0il (Samaru) 76.27
Palm oil (Funtua) 53.95
Cotton oil (funtua) 121,:35
CGroundnut oil (Funtua) 111.74
Palm 0il (Oyan) &7.77
Palm o0il (Kano) 59.12
Cotton o0il (Kano) 120,32
Groundnut oil {Kanc) 114,53
Cook well oil 118,50
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Iodine number indicates the degree of unsaturation
in oils. The above results Bhow the degree of unsatu-

ration in the eils. Investigated in the project.

The result show that salad oil (172.76) has the
highest Iodine number, This is closcly followed by
sunflower oil (155.35) Corn o0il (155.58) others in the
same category include Cookwell oil (118.00) melon sced
0il (132.98) Cotton (Funtua) (121.35) Cotton (Kano)
(120,32),

All the palm cils fall into the same category
despite the fact that they were obtained from different
sources and by implication perhaps different methods
of preparation, Their values ranges from (53.95) palm
0il (Funtua) to (76.27) palm oil (Samaru) Coconut oil
has the lowest value of Iodine number 10,83,

The result indicates that all the oil sceds
groundnut, sunflower, etc, have very high degree of
unsaturation due to a larger percentage of unsaturated
fatty acids present in the oil. Coconut has the least
valuc of unsaturated fatty acid followed closely by

palm kernel oil,



53.717 ACID VALUES:

80

.

I;Lfa. FE

ACID VALUES

Palim ¢ll (Oyan)
Palm oil {Samaru)
Palm cil (Funtua)
Palm ¢il (Kano)
Groundnut (Funtua)
Groundnut (Xano)
Groundnut (Samaru)
Cotton (Funtua)
Cotton (Xano)
Cotton (Samaru)
Pnlm kernel oil
Coconut ¢cil
Cookwell oil
Sunflcwer oil
Salad oil

Corn oil

Melon oil

13.85
25,06
63,65
37.03
0.48
G.27%
0.68
0.64
0,21
0.23%
9,22
2,10
0.21
0.18
0.1
0.58
5.90

The roesults above could be classified into two

categories, Those refined and those that are not

refined.
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The results showed that the acid values for palm oils
werc very high, Palm 0il (Funtua) has the highest acid
vazlues (63.66), Palm oil (Kano) (37.,03), Palm oil
(Samaru (25.06) and Palm oil (Oy2n) (13.85), Palm
kernel o0il which was produced locally also has (9.22) as
its acid values, The refined oils have their acid values
ranging from (0.,11) (Salad o0il) to (0.68) Groundnut oil
Samaru and othecrs. The wide differences in the acid
value of the o0ils showed varied gualities of the oil,
since acid values is one of the determinants of the
quality of an o0il. Those produced locally did not
undergo any chemical treatment or refining, The oil
is Just cxtracted frem the sced and it is sold whereas
the imported oils such as sunflower, cookwell and salad
to mention a few of them undergo chemical trecatment
during refining process. This leads to their reduction
in acid vzliues., For example the acid value for Palm oil
used as raw materials in level brothers Nigeria Limited
is about 5% but when it undergoes refining it is reduced
to about C,05%. These processes lszads to wide differences

in the zcid values obtained,



3.18 PERCENT/GE [REE FATTY ACID AS % OLEIC:

TADLE XIT

£2

Palm il (Owan)
Palm o0il (Samaru)
Palw oil (Funtua)
Palm cil (Keno)
Groundnut {(Funtua)
Groundnut {Samaru)
Groundnut (¥Kano)
Cotton (Samaru)
Cotton (Kano)
Cotton (Funtua)
Coconut oil

Palm kernel oil
Cook well o0il
Sunflower oil
Salad oil

Corn cil

Melon Seed oil

6.99

51,99
18,66
0,24
0,34
0.11
Q.12
0.11
0.32
1.05
4.63
0.1
0,08
0.05
0.80
1.99
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The results above showed the same trepd as for the
acid values, The free fatty acid is obtained as percen=-
tage Oleic acid and it is cobtained by diviiding the acid
values by a factor of 1,99% Oleic, The lower the per-
centage free fatty acid in our oil the greater and
better the quality-cf the oil. Most of the values that
are very low are thosc for the Imported oils and unsatu-
rated oils, The highest percentage free fatty acid is
palm oil (Funtua) (31.99%). The lowest being that of
salad oil (0,05%). This showed that all unsaturat ed oils
have lower acid values and havce better quality. Also if
palm oil and others having slightly high:r values chemically
treated their free fatty acid valucs could have been
reduced considerably, Hgwever, palm produced locally are
very economical for the production of soaps because of
their high free fatty acid value. Though this could be
suspected to lower the quality compared to the imported
0ils yet they are comparable in scme aspects,

3.19 % UNSAPONIFIABLE MATTER:
TABLE XIII

NAME P
Groundnut (Funtua) 0.43
Groundnut (Kanc) 0.70
Groundnut (Samaru) O.44



TABLE XIII (CONTD.)

NAME %
Palm cil (Kano) C.45
Palm 0il (Funtua) 0.40
Palm oil {(Samaru) 0.45
Ccok well oil 0.35
Corn oil 1.25
Salad oil 0.90
Melon oil 1.60
Palm oil (Oyvan) 0.36
Palm kernel oil 0.88
Sunflowcr oil 0.68
‘Cotton secd oil (Samary) 0.56
Coconut oil 1,48
Cotton (Funtua) 0.48
Cotton (Kano) 044

From the results above the percentage unsaponifiable
matter are nct very high as expected from the literature
values, Palm oil from Kano, Samaru and Funtua showed almost
the same porcentage unsaponifiable matter of (0.45%),
(0.44%) and (0.40%) respectively, The valucs for corn.
coconut o0il and melon oil (1.25 1.48 and 1.60 respectively)
appear to be very high compared to the other oils but it
falls within the range of the literature value. This show
that all the cils used in this project has not been

contamination or adulterated.
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3.20 ASH CONTENT:

TARLE X1V

¥
'

Cocomut oil 99,96
Cook well oil 9G.85
Groundnut oil (Kano) 99.97
Cotton (Kano) 99.89
Palm o0il (Xano) 93.93
Groundnut oil (Funtua) 09,65
Cotton (Funtua) 99.95
Palm ¢il (Funtua) 99, 90
Palm oil (Samaru) 99,96
Corn oil 99.95
Groundnut oil (Samaru) 99.97
Palon kernel oil 99.92
Palm oil {Oyan) 99.95
Sunflower oil 99.96
Salad oil 99,99
Cotton (Samaru) 99.82
Melon Seed oil 99.88

The result show that all the oil samplcs have very

similar values for their ash centent,



£@

3.21 PERCENT/.GE PHOSPHORUS CONTENT :

TABLE XV

% PHOSFHORUS
Palm o1l (Oyan) 0.0L5
Cotton (Samaru) | 0.705
Palm kernel oil 0.065
Sunflower oil 0.032
Corn 0.038
Cookwell 0.0433
Salad 0.033
Mclon 0.316
Groundnut {(Samaru) 0.0%7
Coconut 0.051
Groundnut (Funtua) ¢.067
Groundnut (Kano) 0.067
Palm o0il (Samaru) 0.048
Palm o0il (Funtu:«) 0.050
Palm o0il (Kano) 0.052
Cotton o0il (funtua) 05105
Cotton (Kano) 0,105

The result show that the amount of phosphorus present

in each of the oils differ, Mclon has the highest percen-

tage of phosphoru 0.3106%.
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All the imported oils sunflower, Corn and 5alad have
almest identical percentage of phosporus content (0,033),
0,038 and 0,033 respectively. The lower values of these
0ils could be attributed to the fact that most of these

trace elcments are removed during refining processes,

3.22 AMOUNT OF IRON PRESENT IN PPM:

TABLE XVI

OIL PPM
Salad 2ppm
Melon 0.6ppm
Corn 1.2ppm
Cookwell O.4ppm
Palm oil (Kano) 12,60ppm
Palm oil (Funtua) 7 .8ppn
Cotton (Kano) . 0.65ppm
Palm 0il (Samaru) €&.1ppm
Groundnut (Kano) 0.2ppm
Palm kernel oil 5.8ppm
Cotton (Funtua) O.&Sppm
Groundnut (Funtua) 0.40ppm
Sunflower 0.80ppm
Cotton (Samaru) 1.2ppm
Palm oil (Oyan) 8.6ppm
Groundnut (Samaru) 2,0ppm
Coconut 2.5ppm

The result above show the amount of iron present in
the samples under investigation. Sunflower, Groundnut,

(Funtua), (Kano), Cookwell, Melon have comparatively low

level of Iron. The values ranges from 0,2ppm to 0,8ppm,
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Palm oils generally have very high valuesz, The
value rapges from 5,8 to 12.00ppm. Others have lower
values ranging from 1.20ppm to Z2ppm. The differences in
values for palm olil could be attributed to the fact that
they are produced from differcnt locations whose s0il
mineral contents and texture are different. The lower
values ohtained are due to freduction to very small
amount during processing stages, All values obtained

are within the literature value of human consumptioan.

2
3.23 AMOUNT OF MAGNESTUM ION Mg +in PPM:

THABLE XVII

0il PFm
Salad 0.18
Sunflower . 0.04
Palm oil (Xano) 0.14
Melon 1.46
Corn . 0.0
Coukwell 0.06
Palm oil (Funtua) 1.36
Palm kernel 0.26
Palm 0il (Oyan) 0.70
Cotton (Samaru) ' 0.24
Coconut 1.24 diluted 10 times
Groundnut (Samaru) | 0.32 diluted 10 times
Groundnut (Funtua) 0.32 diluted 10 times
Groundnut (Kano) 0,30 diluted 10 times
Palm oil {(Samaru) 0.32 N
Cotton (Funtua) 0.22
Cotton {Kano 0.20
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The result showed that groundnut oils have very
high values of Magnhesium, hecause the result above showed
the values when the samples scolution was dilufed ten
times. Coconut ©il also have very high values inspite of
its dilution ten times.,
Corn wil has zuro readings for the Magnesium cothers
have low values ¢.g. sunflower o0il, Cookwell o0il 0.Q4 to

0.06 respectively.

The result for palm ¢ils are net consistent due to
reasons already given for the differences in amount of

trace elements present in oils.

3,24 AMOUNT OF COPPER ION (CUS*) TN PPm A 324, 8am
: TABLE XVIII

OIL PPm
Groundnut (Kano) 1.20
Palm o0il (Samaru) 3.20
Palm kernel oil 5.50
Palm 0il (Xano) 5.70
Palm oil (Funtua) 5.60
Coconut 3,20
Corn 1.20
Melon 1.40
Cookwell 1.10
Groundnut (Samary) 1.90
Palm o0il (Oyan) 3.80
Groundnut {(Funtua) | . 1.80
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3,24 AMOUNT OF COPPER ION (CU°*) v ppM A 324.nm

TABLE  XVITT

0TL ' ' PPM
Cotton (Kano) 1.20
Cotton (Samaru) ‘ 1.00
Sunflower ' ' 1,10
Salad _ 1.10
Cotton (Funtua) 1.10

The result showed that palm oils, palm kernels and
coconut have comparatively high values,'ranging‘from 3.20
to 5.70 ppm. The values for others are very low,., The
reasons for lower values are due to sources of different
oils and differences in climatic conditions, Also
different metheds of refining could be attributed to their
lower values,

The trend of high values of trace elements in locally
produced oll samples in followed for all thoe elements

considered,
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3.25 CONCLUSTION:

From the analytical results obtaihed from the work
done on these oil samples, it can be concluded that all
samples used are goocd quality oils because wost of the
characteristics of o0ils which make oils cdible fall =7
within a reasonable range. For example the density of
all the oils are less than one as rovealed by literature
and expcrimental values the percentage unsaponifiable v
values which can indicate adulteration and contamination
fall within a good range, this indicates that oil samples
used were of good quality. The result also showed that
the peroxide values of all the oils are very low indicate
ing that the shelve life, the rate at which the oils go
rancid is very low if the o0il is properly kept,

The result also showed that all imported or refined
oils have very low acid values hence law free fotty acids
as a result of the chemical processes that might have
taken place, this in part makes one to conclude that the
locally produced oils with their high free fatty acids
are lower in quality than the refined oils, With their
high values of free fatty acids they are of good guality
and are still guite good for consumption, though there
is no official standards for tho amount of acids te be

present in oils,
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It can also be gaid that all refined oils and some
other oils like groundnut olils, cotton oils have very
low amount of trnce metals hence are not easily subjected
to oxidation or reducticn, Polm coils can be said to
be ecasily oxidized due to the presence of relatively high
values of copper and Iron even though their presence in
the oils investigated can be said to be within tolerable
limit (12 ppm),

On the whole, this piece of work seems to be one of
the first few attempts to determine the gquality of vege-
teble ¢ils being consumed in Nigeria, The results cghtained
are likely to be useful to the generality of the people
and especially the Njgerian standard organizations who
are charged with the formulation of standards for the
food and drinks consumed in Nigeria. It would appear that no
such standard exist at present for these vegetable oils
as confirmed by the Nigerian Institute of food Science

and Technology. -



08

o
<

o
o

ABSORBANCE

o
(S

o
~

o
w

03

01

PHOSPHORUS

Q_’
PO,

720nm

2
AMOUNT

*3

b

IN PPM




| O
Z
<
v

-

AL

—
~N

&

___,_
o







'BANCE

A
- h'




1.

2.

11,

12,

13.

93

REFERENCES

Vegetable oils and fats., Unilever educational
booklet. Revised ordinary scries No. 2 Pg. 1-12.

C.Y. Hopkins, Encylopedia of Industrial chemical
Analysis Vol. 12. Intersiédence Publisher New York
1973 Pg. 472 ; 482, _

Material and Technology veol., 8 2hd Edition Systematic
encylopaedia of Technology vol. 8 Longman Group, 1973
page 1 & 148

J. £, Norris, "Fats and fatty oils." 1In a Stnﬂgard
ed. Encylopedia.of Chemical Technology vol, 8 2 Ed.
Interscience Publishers, a division of John Wiley &
sons, Inc. New York 1965, pp. 776 - 811,

Nigerian Institute of food science and Technology,
May 1979. Pgn 1 - 30.

V.A, Oyenuga, Nigeria's foods and feeding stuffs,
2nd edition, Heineman Publishers 1974 Pg, 23 - 27,

Harold Hart, Robert D. Schwtz, Organic Chemistry &4th
Edition. London Pg. 436 - 490.

1.V, Cocks and C, Van Rede, Laboratory Handbook for
oié6and fat analysis. fcademic press Ltd. London,
1966,

Ernest Guenther, the essential oils, vol 1.

Harwood, J.L. "Chemistry and Industry No, 18 16th
September, 1978 pg. 697 -~ 708,

Simpson, B.W. and Osborne, W. J. Laboratory practise
vel, 27, No., B8 1978, pg. 642 - 643,

Williams, oil, fats and fatty foods 4th Edition,
J, and 4 Churchill, London, 1966,

Markley, Fatty acids, their chemistry properties
and uses 2nd Ed, Part 1 Interscience Publicghers, a
division of John Wiley and Sons Inc. New York 1960
pg. 648 - 650,



.

15.

16

17.

18.

19.

20,

21.

22,

23.

24,

25.
26,

Holman, progress in the chemistry of fats and
other lipids Vol. 1 (1952).

Berger, Kurt G. Uses of palm oil in the food
industry, Chemistry and Industry 1st November 1975
Page 910 - 913,

Henry .. S8chroeder, Trace Elements and Nutrition,
1st edition 1959 Pg. 147 - 152,

D.R, Osborne and P.Voogt, the .nalysis of nutricnts
in food 2nd edition 1960. Pg. 242 - 260,

Vogel, A,I, /i tcxt Book of Quantitative Inorgenic
Analysis, 4th edition Longman, London 1978
Pgo 732 e 733.

British standards Institution - Methods of Analysis
of oils and fats. 684 London (1950)

Lnalyst 58, 203 (1933)

Muthyl, R./.K. et al, Iodine number determination
of milk fat and vegetable fats by refracticncry.
J.h,0,C,S, Vol. 55, 557 - 580 (1976)

Banigo, E.0.I. Palm kernel oil Manufacture using
the traditional coconut o0il processing system, O0il
Chemists Scciety Vol. 54 No. 12 page 593-594,

Essential oils Vol, I D, Van Nostrand Company Inc.
Princeton, New Jersey. 1965 pg. 271 - 272.

James W, “"Chemistry and Industry" 1st November
(1971) page 892 - 898

Analyst 87, 940 - 943 (1962).

Lewkowitsch, Chemical Technology and analysis of
oils, fats and waxes 6th Ed. 1, 312 (1921).



