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ABSTRACT 

Extraction of oil was can-ied out on the three varieties i.e Sam nut - 10 (RMP-12), Tivi and Kuta 

Local of groundnuts selected for the purpose of the present study. Oils extracted were refined ' t6 

obtain puritied samples. Some physical and chemical propertie$ analysis of retined samples were 

carried out . Physical properties values such as relative density (0.91), refractive index (1.466) and 

boiling point (200"C) and, chemical properties e.g acid value (0.6), iodine value (98), 

saponitication value (188) and peroxide value (0 . 11 mmol kg-I) tend to fall within specitied limits, 

of standard industlial oil i.e Standard Organisation of Nigeria and internati-onal Codex standards. 

Similarly, the low level of impurities (moisture and volatile matter, insoluble impurities, soap 

content, soluble mineral malter, ash content,. unsaponifiable matter, lead) determined for . the 

varieties used indicated high quality materials. For instance, the results for soap content (0.9 X 

10-7%",/".), insoluble impurities (0.02%111/",), Unsaponifiable niatter (0.06%111/",), lead not detected, 

unsaponitiable mailer (0 .7%11\/111)' etC' w.ere relatively low. However, comparison of the various' 

. results of the varietie~ used for this study show that variety RMP-12 has more oil content, while 

variety RMP- 12 appeared better than the other two Tivi and Kuta Local variety if the physical' and 

chemical properties detelmined are conclusive enough . In general all the varieties employed were 

found to be or sati sHlctory standard in terms of quality and quantity of oil contents. It is therefore 

pertinent to stat e that the materials can be recommended for both industrial and local 

consumption 

. , 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 CENERALSURVEY 

Grolllldnut (Arachis hypogeae: ) is one of the most valuable leglllne crops 

of tropical and sub-tropical cOlmtries [1]. It originates from the Latin America. 

TIle Portuguese were responsible for its introduction into West Africa frOIP 

Brazil in 16th Century. 

As a source of vegetable oil it is second in importance to Soybeans [9]. I t is 

used as edible oil and important raw materials for'industry. Tl;is accounts for its 

considerable increase in the annual acrea.ge plantation and production. , For 

instance 18.9 mt of unshelled nuts was produced in. 1980 [2]. 

Vegetable oils composed of lipids, protein and carbohydrates m ratio 

normally of 5:2: I respectively. Fats and oils are the simple lipids which have 

important physical and chemical properties such as melting point, iodine value 

etc. It also contains certain .impurities such as lead, volatile matters, etc. which 

may have undesirable effects to consulners if their concentrations and 

percentages exceed certain limits [3]. 

The groundnut oil can be extracted, refined and its properties, 

contaminants investigated and compared with standards values. 
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TilE T[I~MS VEGETABLE OIL 

Vegetable oils are water-insoluble substance of plant origin which ~onsist mainly oflong­

chain tatty acids esters de~ived from the single alcohol (glycerol) and are known as, triglycerides. 

Groundnut oil is theretore water insoluble substance from ground nut consisting mainly oflong- . 

chain tatty acids esters derived from the glycerol. Oil triglycerides are liquid at room temperature 

and fats are semi-solids at the same conditions. This difference in their physical state arises from 

their chemical composition . The oils being composed of low .. melting fatty acids that are highly 

unsaturated, while fats are found from high melting ,tatty acids that are mostly saturated [4]. 

1.3 BOTANY OF GROllNDNUT (A.·achis hypogeae) 

Arachis hypogeae grows to a maximum height of 60cm and is strictly an annual legume. 

There is a wide variation in the type and strains cultivated in particular localities, but in genera] 

the two main types grown commercially are distinct in appearance. One is upright with an erect 

and vertical branches, the other recumbent with numerous creeping laterals. The first is more 

commonly grown for mechanized production, the second under peasant farming systems [5]. 

Erect types orten h9-ve lower individual nut yields per plant than recumbent types under similar 

conditions, but because of mechanical cultivation 
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and harvesting problems with the latter, final in-stor~ yields tends to be lower. 

However, erect types tend to ha,ve slightly higher seed-oil and seed protein 

content than recumbent varieties, and on a yield per hectare basis there is often 

little difference [5]. 

The yellow flowers of the Anlchis hypogeae usually appear 4-6 wee~s 

after planting and soon after fertilization, the fertilized ovary generates a pointed 

stalk-like structure, known as the peg, with the ovary at its top, This peg grows 

downwards and penetrates the soil to a depth of 2.5-6cm. Fruit enlargement 

begins at the tip of the peg once it has penetrated below the soil surface. The 

fruit is a /l.lOre or less elongated, pod and contains 1-6 seeds which are surrounded 

by thick fibrous shell. The time period from sowing to' maturity depends on 

temperature and variety [2]. 

1.4 VARIETIES OF Arachis' hypogeae 

To increase productivity, a munber of nigh yielding, varieties of groundnut 

have been developed. Institute for Agricultural Research (IAR) Samaru, 

Ahmadu Bello University, Zaria has d.eveloped for production six grollndnut 

varieties, namely SAMNUT-IO, SAMNUT-II , SAMNUT-14, SAMNUT-16, 

SAMNUT-17 and SAMNUT-18. The average yield, oil content and peri'od of 

maturity of these varieties are sltbstantially relatively . high. The yield ranged 
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irom 1.6-3.8 tonneslha, oil content bet~een 50-60% and maturity period from ' 

95-141 days depending on the variety. 

] Among the improved varieties which can be profitably established on 

small to large scale fanns as raw materials for the vegetable oil and cake 

industries, three are early maturing .lines, Resistant Red Bulk, (RRB) 

(SAMNUT-18), 48-115B (SAMNUT-17) and 55-437 (SAMNUT-14). These 

three have exhibited good · agronomic characteristics and high adaptability to 

drought conditions [1] . 

1.5 USES OF GROUNDNUT (Arachis hypogeae) 

The groundnut is a major cash crop in the West Africa Savanna Region, 

being an important source of oil ; which constitute up to 500/0 of the kernel. 

Groundnut oil can be used for a variety of products - margarine, glycerol 
. . 

drugs, salad oil and cooking oil. The crop is also an important component of the 

local diet and can be eaten raw, roasted or in stews. Groundnut cake, a by-

product of oil crushing, and grOlmdnut haulms are useful animal feeds [2]. 

1.6 CHEMICAL CONSTITUENTS OF VEGETABLE OILS 

1.6.1 MAJOR CHEMICALS 

Fats and oils, also called trig1 ycerides, are esters of, the trihydric alcohol .. ' 

glycerol and various fatty acids. Most naturally occurring fatty acids are straight 

chains with a tenninal carboxyl group ·and 4-24 carbon atoms in even numbers. 
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A lew acids have an odd munber of carbons and some have a cyclic group or 

branched chai n, but all of these are relatively rare [6]. 

The generic formula of a triglyceride is shown below: 

CHr OOC-R 

I 1 
CH-OOC-R 

I n · 
'CHr OOC-R ' 

11 
where RCOJf, R'C02H and R C02H represent molecules of either the same or . 

different fatty acids [7]. 

The fillty acids may be s,,,turated e.g. palmitic acid, and stearic acids., 

while others may be unsaturated e,g. oleic and linoleic acids. ' 

III a saturated acid, such as palmitic acid, all bonds between c'arbon atoms 

are single. bonds, with hydrogen atoms attached to all the carbon atoms, except 

that of the carboxyl radical. In an unsaturated acid, each of two adjacent carbons . 
lacks one hydrogen, so that the carbon bonds li~k together to form a double 

bond. Oleic acid with one double bond is monOlLl1saturated linoleic and linolenic 

acids are poIYlLl1saturated, having two and three double bonds respectively. 

Unsaturated acids can be converted to saturated acids by the addition of 

hydrogen [8]. Fatty acids can be cleaved from a gl ycerides by hydrolysis, or the 

addition of an 0H ' group to the glycerol back bone and some sort of positive ions 

to the fatty acid. Alkalis or "bases", are often used to effect this separation [9]. 

• 
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1.6.2.1 STEROLS 

These are colourless, odourlessand gen~rally inert substances found iil' 

oils . They are a hrroup of complex, high melting point crystalline alcohol. . One 
to 

of the sterols found in oil is stigmasterol; having structural fonnula as shown 

below : 

Stigmastl.!l'ol 

Sterols play an important role in biocheniical activity being the basic 

structures from which·animals manufacture bile acids and honnones. 

1.6.2.2 PIIOSPHOLIPIDS OR PHOSPHATEDES 

They may be considered as triglycerides in which one of the fatty acid 

gro up has been replaced by a' phosphoric acid derivatives. Example are 

cephalin and leci thin . 

Hf-OCOR 

\ 
CH-OCOR 
I OIl 

Cl-~O-P /( )CI 121 IC2NI 11 

11"-

fhe phosphlipids are ampllipathic and hence surface' active like soaps. 
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1.6.2.3 · PIGMENTS 

The characteristics yellow-red colour ~f most vegetable oils is due to the 

presence of pigments such as gossopol, carotenoids etc. 

Gossopol is a bitter pigment produ~ed in glands located throughout the 

cotyledons [9J ; which is represented below: 

uo 

ao 

Gossopol 

1.6.2.4 VITAMINS 

One of the vitamins present in small quantities in vegetable oils is vitamin 

E which owes its activity to its tocopherol content. Vitamin A is produced by 

the action of water on the carotene (the precursors of Vitamin A) which occur in 

wlbleached paJm oil and in traces in other oils. It is lo~t in the refined cooking 

oil due to bleaching [4]. 

. . 
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'1 Vitamin A. 

1.7 PROCESSING OF VEGETABLE OILS [4] 

1.71. STORAGE OF RAW MATERIALS 

For cel1ain oil bearing seeds such as soybean, groundnut,melon, com, etc., 

it is possible to spread out their processing for oil over the whole year since they 

can be stored for long periods tmder cool and dry conditions to prevent 

germination and possible decay. Some others are not suitable for storage e.g. 

rubber seed, oil bean seed etc. due to spoilage. 

1.7.2 PRETREATMENT OF OIL BEARING SEEDS 

· . 

Prior to oil extraction, oil bearing seeds are first cleaned to remove dirt 

consisting mainly of empty and diseased seeds, weeds, sands, small stones, iron 

particles, etc . The cleaning stages include: sieving to separate the particles 

according to size and removal of straw, twigs, etc ., winnowing to remove chaff, 

empty grains, etc. in ' a stream of air, magnetic' treatment to remove particles of 

iron and peeling to remove the husk to minimise losses of oil in the residues 

during pressing and/or solvent extraction. 
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The cleansed seeds are then crushed by roller mills to produce thin flakes. 

The grinding serves to break down the cell walls of the seeds to enable the oil 

which occurs as small droplets ' In the cytoplasm to flow out ' easily during 

pressll1g. 

1.7.3 OIL EXTRACTION 
. . 

Two main methods are used: pressing and solvent extraction .. The later 

allows lor a 1l111~h more complete recovelY or oil. A combination of pressing and 

solvent extraction is often practiced in the industry . The seed is first pressed . to 

an oil content of 10-15% and then solvent extracted to leave a residue to less than 

I (~) of oil. 

In pressing, pre-heating of the meal is done to bring about the coagulation 

of the protein matter which is responsible for the extremely fine state of division 

of the oil within the cells. Heating thus enables the very small oil droplets to 

~oales~e , while the low viscosity facilitates the flow hom the materials to the 

press. A b'Tadual application of pressure on the meal helps to keep the openings 

and the pores in the press-cake open for the transport of the oil as long as 

possihk and so keep production at a high level. Ilydraulic or continllous pi'csses 

are used . 
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In solvent extraction, a low boiling petroleum fraction IS usually used ." 

The boiling point must not be too low (to minimize solvent loss) or so high that it 

is not possible to remove the solvent quickly and completely from the oil without 

employing unduly high temperatures . Extrac.tion can be effected batch wise or 

continuously . 

The oil extract is usually tiltered before distilling of the solvent to remove 

particles which tind their way into the solution during the extraction. Distillation 

is used to recover the oil. The last traces of soivent are remove4with the aid of 

steam . 

Table 1.2 shows the major vegetable oil industries in the country and the 

extraction methods employed by each . 

I.S REFINING OF VEGETABLE OIL 141 

Crude rats and oils contain variable amount of non-giycerin impurities . 

Some, s llch as sterols, are relatively inel1, others like tocopherol are generally 

desirahle ; but some, like free fatty acid~ phosphatides, mucilaginous materials or 

I()ots , and certain pigments, are objectionable, tending to make the fat or oil dark 

coloured , sLl sceptible to foaming and smoking on heating and lia~le to 

precIpitatIOn of solid materials when' the oil is heat~d during processing 

operations. 
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A few acids have an odd number of carbons and some have a cyclic group or 

branched chain, but all of these are relatively rare [6]. 

T The generic fonnula of a triglyceride is shown below: 

CHrOOC-R 

I 1 
CH-OOC-R 

I ll ' 
CHrOOC-R ' 

II 
where RC02H, R'C02H and R C02H represent molecules of either the same or . 

different fatty acids [7]. 

The f~ltty acids may be s,~turated e.g. palmitic acid, and stearic acids" 

while others may be unsaturated e.g. oleic and linoleic acids. J 

In a saturated acid, such as palmitic acid, all bonds between c'arbon atoms 

are single bonds, with hydrogen atoms attached to all the carbon atoms, except 

that of the carboxyl radical. In an lllsaturated aeid, each of two adjacent carbons 
, 

lacks one hydrogen , so that the carbon bonds li~k together to form a double 

bond . Oleic acid with one double bond is monounsaturated linoleic and linolenic 

acids are polYlUlsaturated, having two and three double bonds respectively. 

Unsaturated acids can be converted to saturated acids by the addition of 

hydrogen [8]. Fatty acids can be clea~d from a gl ycerides by hydrolysis, or the 

addition of an 0H ' group to the glycerol back bone and some sort of positive ions ' 

to the fatty acid. Alkalis or "bases", are often used to effect this separation [9]. 

. ' 
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TABLE 1 2 Major Vegetable Oil Industries In Nigeria [4] 

Name of Industry Lo'cation Processes Undertaken 

AVOP Nachi (Exis) Refining 

Golden Oil Onitsha Pressing 

Atlantic Farms Ontisha Pressing 

Tip Top Ind . Ltd . Lagos Pressing and Refining 

Food Oils Ltd . Ibadan Ditto 

Gusau Oil Mills Gusau Ditto 

Life Nnewi Ditto 

Grand Cereal Jos Ditto 

AFCOTT Yola Ditto · . 
Nigerian Oil Mills Kano Ditto L,,"-

AS AN Oil Ind . Kano Ditto 
, .. 

Taraku Taraku (Benue) Pressing solvent extraction 
& refining 

New Agro Ind . Umunza (ANS) Ditto 

General Agro Port Harcourt Ditto 

Ri voc Port Harcourt Ditto 

Na lin Ind . Port Harcourt . Pressing arid refining. 

Note that the list above shows the major Vegetabie Oil Indt;stries in Nigera as at 1992. 

There may be more of such industries as at now (1998). 
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The Object of refining is to remove the objectionable impurities with a 

1lllllllllUm damage to the neutral oil (gl~ceyides) and tocopherol and minimull1 

loss of oil. 

There are various det,rrees and methods of refining and the one chosen is 

dictated by the end uses . Solid contaminants of oils are removed simply by 

filtration or decantation . The main refining operations are degumming, 

deacidification , decolorisation, deodorisation and acid washing. 

1.8.1 DEGUMMINC (OR DE-MUNIFICATION) 

SOllie of the vegetable oils contain a quantity of natural glfms and 

phosphat ides which are good emulsifying agents and if left in the oil would give 

ri se t o substantial losses of oil during alkali refining. Degumming is done by 

bl owing steam into the oil at about IOOOllC 

1.8.2 DEACIDIFICTION (OR ALKALI-REFININC) 

The presence of large alllounts of free fatty acids m crude oil s is 

1IIH.lesirllhk. because of their smell., flavour and corrosive action .. 

Alkali refining (neutralization) can be carried out with either dilute or 

concentrated solution . Dilute alkali has advantage of . causing very little 

Sapollilic<ltioll or oil. Iloweyer, tlwre is easy formation of stubborn ellluisions 

which generally limits its use with unde:.gummed oils. Concentrated alkali gives 

ri se to a concentrated soap solution (soap stock), which is more easily separated . 

,. 
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from the oiL Concentrated solution of caustic soda has a powerful demunitica~ion action and 

causes greater sap.onitication of the glycerides. 

Alkali rdining also removes some colouring matter from the oil which makes the alkali-

rdined oi l lighter in colour than the raw oiL 

1.8.3 DECOLORISATION (OR BLEACHING) 

The process is aime.d at removing coloured constituent from tl1e oil. 

Dccolorisalion involves adsorplion of the colouring matters qn bleaching earth e.g fullers 

earth and active carbons . Active carbons, for instance absorb colouring matters on its surface 

thereby rendering oil sample colourless. Some locally available clays have been found effective. 

Bleaching earth are mostly used, although in many cases the bleaching effect obtained with the 
, 

carbons is greater; also the latter adsorb, various other substances that have objectionable taste or 

odour [I I]. 

Certain colouring matters such as carotenoids and various quinoid colouring matters can 

be almost completely removed from the oil by adsorptive bleaching, and a number of oils e,g 

palm, melon and oil bean are completely decolourised in this way. Some colouring matters resist 
, . 

the treatment and remain coloured after bleaching e.g linseed, soybean and rape oils. 

Adsorptive bleaching is carried out by heating and stiring the oil and the ble(lching agent 

under vacuum at a temperature of 70-80°C for sometime (20-45 mins) after which the oil is 

filtered in presses. Vacuum is employed to prevent oxidation of the soil as much as possible 

during the treatment rill 
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1.8.4 DEODORISATION 

Oils and fats contain odiferous substances and substances having peculiar 

tastes, which must be removed in most cases. These substances may be derived 

from degradation and oxidation reactions on the fatty acid glycerides and also on 

certain products occurring in the raw oil (Mucins, Proteins etc.). Deodorisation 

is effected by means of steam . 

Deodorisation is a must for raw materials for edible fat industry~ also for 

technical fats· and oils e.g. for soap manufacture. 

1.9 PROPERTIES OF VEGETABLE OILS 

The properties of oils and fats are needed for an assessment of quality and 

purity as well as for their identification. A munber of physical and cherrucal 

propel1ies (constants) are necessary [10 ,. 11 , 12]. 

1.9.1 PHYSICAL PROPERTIES OF VEGETABLE OILS 

1.9.1.1 COLOllR 

The coloUJ: of oils and fats is essential in assessing quality and detennining 

the degree of bleaching. The darker th~olour, the poorer the quality. There are 
I 

methods for detennining colour, most of which were , developed for a specific 

product or groups of products. 

. . 



16 

1.9.1.2 REFRACTIVE INDEX 

This is a physical attribute of triglycerides, measured by th~ angle through .~ 

a, thin film of melting fats . The index of each fat and oil falls within a narrow 

range and can be used as a characteristics of the fat in checking purity or 

searching for components of a mixture. It. is temperature dependent and is 

o 
usually measured at 40C , a temperature coefficient of the refractive index for 

, , 

fatty oils is on the average 0.00036 peroC . 

1.9.1.3 MELTING POINT 

This is the temperature at which a solid of a pure substance changes to a 

liquid. Since oils are mixed t~igl)'cerides, they melt over a range of temperatlrre 

because of the combined effects of the variations in the degree of unsatlrration. ' 

In general , tTiglycerides reflect the melting points of their constituent fatty 

acids . A low de1:,rree of unsaturation, a high molecular mass and the presence of 

trans rather than Cis isomers of unsaturated acids, all contribute 'to a . relatively 

high melting point. 

1.9.1.4 SPECIFIC GRAVITY 

Specific gTavity is a ratio of the mass of a giv~n volume of material at 

o 0 

25(' to that of an equal volume of water at 25C . For most fats and oils this lies 
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b 
0 . 

etween 0 90 and 0 94 at ?Oe . . I . . . . 
. ' . - , m genera, It Increases WIth mcrease in degree of 

ul1saturation and decrease in the mean molecular mass of the fa~ acids. It is 

thus expressed on the following empirical equation: 

Specific gravity = 0.8475+0.003 x (sap value) +0.00014 x (I. Value) 

where Sap = S'.tponification and I = iodine. 

1. 9.1.5 VISCOSITY 

This is resistance that fats and oils offers to flow when subjected to a shear 

stress. The viscosity increases slightly with increase in the average molecular 

mass and in the de1:,'Tee of unsatlLfation of the fatty acids; the actual differences 

however, are very small. Castor oil alone has a viscosity which is much greater . .' 
than that of the most other fatty oils, hence its use as a lubricant. 

1.9.1.6 SOLUBILITY 

1 his is ability of a substance to' fOim a solution with another substance. 

The solubility of fats and oils plays a part in detennining the immiscibility ClLfves 

of an oil or fat in various solvents. These curves may be ~se.d for checking . 
plllity. Most fats and oils are miscible with such solvents as petroleum ether, 

benzene, ether, acetone, etc. The solubility of solid fats and fatty acids is much 

less, especially that of more saturated products. 

. . 
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1.9.2 CHEMICAL PROPERTIES OF VEGETABLE OILS 

1 1.9.2.1 ACID VALUE (NUMBER) 

The acid value is a measure of the amount of free fatty acids present in an 

oil or f~lt ; it is given by the number of rriilli1:,Tfams of caustic potash necessary to 

neutrali se the free fatty acids in one gram of the oil. The acid value is especially 

important fo r judging quality of raw oils and for determining the quality of alkali 

requi red for alkali refining of an oil at minimal 41,aponification. 

1.9.2.2 IODINE VALUE 

Iodine value is a measure of the def:,Tfee of unsaturation of the oil, and is 

defined as the number of milli1:,Tfams of iodine absorbed per gram of oil sample. 

The greater the total . unsaturation, the higher, .is the iodine value. Iodine valu~ 

determination is important because depending on its value, oils can be classified 

into dry ing, semi-drying and non-dry. 

1.9.2.3 SAPONIFICATION VALlIE 

This is the number of milligrams of potassium hydroxide necessary for 

saponitying one gram of the oil. Saponification value increases with decrease . . ' 
in the average molecular mass of the oil. 
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1.9.2.4 HYDROXYL VALUE · 

This is the milligrams of .potassium hydroxide equivalent to the hydroxyl 

content of one gram of oil sample. The hydroxyl value is a measure of the 

hydroxyl groups in a given substance. The· presence of hydroxyl groups in 

natural fats is due largely to the presence of substances such as glycerol, mono 

and diglycerides and sterols. 

1.9.2.5 . REICHERT, POLENSKE AND KIRSCHNER VALVES 

These measure the amount of steam-volatile fatty acids which can · be : 

recovered from oils under standard conditions. The acids concerned are Lauric 

(C 12), Capric (C IO), Caprylic (Cg) , Caproic (C6) , and . butyric acid (C4) . The 

Reichert value measures the water soluble acids, the polenske value measures 

water insoluble acid and the kirschner value butYric acid by separation from 

caproic acid precipitating the later as a silver salt. 

1.9.2.6 PEROXIDE VALUE (NUMBERS) 

111is is a measure of millimoles of peroxide or mil1i equivalents of oxygen . 

taken up by 1000 grams of fats or oil; it is used to measure rancidity. 

Table 1.3 Comparison of Some properties of Groundnut oil with Similar 

nuts 113) 

Oil Refractive Illdex( 40C ) Iodine Value Saponification Value 

groundnul 1. 460 - 1. 46() 80-106 187-196 
,... 

Coconut 1.4530 151 ··1.4560 7.5 - 10.5 250-264 

Cashewnut 1.4623-1.4633 79-85 187-196 

(Kernel) 
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1.10 CONTAMINANTS IN VEGETABLE OILS 114, 15] 

Contaminants (impurities), are usually associated with vegetable oils. The 

concentrations and percentages of the contaminants should be determined in 

edible oils to ensure that they do not exceed allowable limits. However, if their 

presence exceed tolerable limits, may have detrimental effects on the conswners. 

1.10.1 INSOLUBLE IMPURITIES 

. Insoluble impurities represent a variety of extraneous matter including 

nitrogenolls material of animal or vegetable ori!:,rin, earth, carbohydrate material 

such as vegetable tiber and other substances. 

1.10.2 UNSAPON I FIABLE MATTER 

The Urisaponifiable content of fats is usually defined as those substances 

which are soluble in the ordinary fat solvents, but which are not saponified by 

caustic alkalis. In nonnal fresh fats and oils these substances consist primarily of 

higher aliphat ic a1cohol, sterols, pigments and hydrocarbons. 

1.10.3 SOAP CONTENT 

Sodium soaps may be present in oil which have been treated with sodium 

hydrox ide or sodium carbonate as in the alkali refining process, Traces of soaps 

, . 

" 
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are difficult to remove In processmg and they are not easy to detennine 

analytically . 

1.10.4 MOISTURE AND VOLATILE MATTER 

Water is onJy slightly soluble in fats ; and is nonnally present III small 

quantity. However, when water is present in any quantity abo:ve the limit of 

solubility it is usuaI1y fOlmd as a separate phase which is settled at the bottom of 

the container. 

Fats contain vanous substances which are some~hat volatile under the 

conditions prescribed by some of the methods for detennination of moisture. 

The amount of volatile matter obtained 'on a given sample is usually detenruned 

by the temperature and time of drying. . In low grade inedible fats volatile 

materials may be in greater quantities. 

1.10.5 ASH CONTENT 0 

This IS incombustible matter remammg after a substance has been 

incinerated. 

1.10.6 SOLUBLE MINERAL MATTER 

Soluble mineral matter represents mineral soaps, principally of lime but 

possibly of iron, lead , copper, arsenic etc . 

'0 
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Table 1.4 Effects and maximum level of contaminants in Vegetable Oi ls 

+ 
Contaminants Effects Maximum Level 

Vo latile Matter at 10S(," - 0 .2%111/111 
I-

O.OS%I11/I1\· In so lu ble impuriti es -

Soap Content - 0.00S%JIl/1I 1 

Iro n (Fe) Colour and taste l. SM g/K g 

I,oad (Ph ) Tox ic O. IM,g/Kg 

('o pper ((' lI) taste 0. 1 Mg/Kg 

Arseni c (As) toxic 0. 1 Mg/Kg 

l Jnsaponi li able Ma tter - 10 g/kg 

1.11 OB.tECTIVES OF TIlE' RESEARCH 

Vegetabl e . oil s have continued to play essential roles III our va ri OUS 

CO llllllllllltl es . They have ga ined reco!,rniti on because of their impol1ance as food 

supplements for both man and animal; and also, as a raw materials for vari ous oil 

based industri al products. 

. 
The sudden ri se in private sectors in vestment III sourclllg for local raw 

materials for the manufac turing industries .has brought about establi shment of 

lI1 any smCl l1 and meclium sca le plants for process ing of gToundnut. Thi s is to 

provi de the highly dcmanded coo.king oil , animal feed and abovc all raw 

materi als for oil based inclustries . 

. . 
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CHAPTER TWO 

. 2.0 LITERATURE REVIEW 

2.1 THE ORIGIN OF GROUNDNUT 

Weiss E. A. 1983 'established the source oLgroundnuf; Arachis 

hypogaea L, which is also commonly known as peanut or earthnut. This 

species is a family member of papilionacea which is the largest and mqst 

important of the three diyision of leguminosae originating from warmer 

regions [5]. Leppik 1971 gave description of less than a score, but it is 

probably that there may be nearer.} 00 varieties in Central South America 

[16]. Arachishypogaea is similar to Arachis Itmticola and can only be 

identi fl ed under cultivation. The Arachil;monticola, is regarded as a truly 

wild con specific of the cultivated groundnut. In contrast to Arachis 

monticola, Arachis hypogaea has stronger pods and Carpophores. Smarth 

et.- al 1978 suggested that on a basis of g~ome donation that Arachis 

hypogaea originated from a hybrid between Arachis Cardenasi and ArachiS 

batizocoi , both putative parents occurs in reasonable proximity in Bolivia 

[ 17]. 

Weiss E. A. 1983, also reported that, the oldest indications of 

grollndnllt cultivation were from the pre-Columbian native societies of Peru, 
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2000-3000 BC, well to the Northwest, from which it can reasonably have had a 

much longer histOlY of domestication . Jt was originally ,domesticated in the 

distance past by predecessors of the Arawak-speaklng peoples who now live in its 

homeland . By the time ' of Columbus, bJToundnuts were widely distributed in 

South and Central America and the Caribbean. It was brought to West Africa 

from Brazil in 16th Century and thence to the African East Coast and so to India 

151· 

Simpson, B. B. et. al 1986 gave some valuable infonnation on lIses of 

groundnut , methods of its extraction and retining and general processes involved 

at local and industrial levels. 

2.2 lJSES OF GROUNDNUT OIL 

Groundnut on the basis of origin and dispersal is a major world crop. This 

is evidenced enough from the rise to its modem economic position . Less well 

known was the beginning of its use as an oil seed crop. Groundnuts wei'e not 

used for their oil until about 125 years when a French firm began to crush 

groundnuts imported -I-l'om Africa in a factOlY in Marseilles , After this huinble 

beginning, oil extraction spread to other a'r,eas of the world. In the United States 

today , olle /(),urth of the groundnuts goes into oil product.ion and the majority of 

the groundnut world wide is used for oil [9]. Raw material research and 

development COllncil , Nigeria (1993) has reported that groundnllt oil can be 

used 

, . 
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for manufacture of margarine; soaps, glycerol drugs, salad oil and as a cooking 

oil [I]. 

2.3 GROUNDNUT OIL EXTRACTION AND REFINING 

Man in his usual endeavours had devised various methods of removing 

oils from gTollndnllts. Among the earliest methods of extraction was grinding 

with stones to crush the tissues and release the oil by the Ttmisian Workers. 

Sometimes the seeds were heated to facilitate the flow of the oil from crushed 

debris. Both a motar and pestle often with a deep, inverted cone and a revolving 

pestle and a press with a wedge that was manually pounded~ have been used for 

groundnut oil expression since early times. In many undeveloped cOlmtries, 

various types of manual or animal-driven presses are still employed. Almost all 

the oil extracted by these kinds of methods is consumed locally [9]. 

The first mechanised oil extraction presses, produ~ed in the seven~enth 

century, were st~am driven and operated on the same principle as the manual 

press . In 1795, the hydraulic press w~s developed in England and, in 1900, the 

first screw presses were used for groundnut oil extraction. Today, this screw 

pressing mean little because the process of extracting with a screw press 

generates heat from 65°C to 72°C [9]. 

Screw press was readily adopted in · industrial c~)tmtries because it made 

J 

large scale oil production economicaJly feasible .. Because screw pressing leaves 
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a residue that still contains 2 to 4 percent oil, a further refinement using orgariic 

solvents usually hexane was developed. Solvent extraction, which leaves a scant 

0.5 to I percent in the cake, has now been adopted in most large scale operations. 

, . 
The solution containing the oils is separated from the residue and then the solvent 

itself is driven from the mixture by distillation. Hexane boils Qff at temperatures 

between 63 and 65°C leaving the crude oil behind [9]. 

Oil refining is most often accompli~hed by mixing the oil with caustic sodll 

(neutralization). In addition to 'being refined, oil can be degummed (mixing with 

hot water) and centrifuged .. Bleaching can be achieved by adding charcoal or 

fullers ' earth and filtered. Similarly, deodorisation is carried out by heating with 

steam bath at 140°C [9] . 

2.4 GENERAL ANALYSIS FOR GROUNDNUT OIL 

Numerous methods were used in the past for oil analysis. , Many of these 

numerous methods have been reviewed by Mehlencher (1960) and detailed 

described by Williams K. A. (1966). This lead to tabulation of the Chemical 

properties of bTfOundnut and related oils; which are especially lIseful in data 

interpretation [18]. 

Oil routine analysis, determination of the iodine value, Saponification 

value, and peroxide value of grOlmdnut oil have been ,reporte.d by Pearson D. 

1976 L19j. 
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Whalley, (1955, 1956) o.utlined micro-analytical procedures for the 

detennination of various chemical and physical CoITstants (Specific gravity, 

refractive index, oil content and boiling point) and reported by Pearson D. (1976) 

[ 19]. 

Chemical constitution i.e. fatty acids of groundnut oil has been discussed 

by Hilditch . and Williams K. A. (1964) and also reported by Standard 

Organisation of Nigeria (1992). It was stated that groundnut oil contains about 

8.3% Palmitic acid, 3.10/0 Stearic, 2.4% Arachidic, 56%, Oleic, 260/0 Linoleic 

3. ] % Behenic and 1.1 % Caprylic acid [3]. 

Williams K. A. (L964, 1966) and Blachly F. Pet a1.(1973) highlighted the · 

impurities of grOlmdnut oil such as soap content, moisture and volatile matter, 

insoluble impurities, lead etc. [20]. The maximwn tolerable limit of impurities of 

groundnut oil have been identified and reported by Standard Organisation of 

Nigeria (1992). For instance, the maxirpum level of lead and soap content are 

given as 0.1 Mg/Kg (ppm) and·0 .0050/0m
/ m respectively above these values it may 

be hannful to consumers [3]. 

From the foregoing, it is pertinent to state that physical and chemical 

characteristics of !:,Yfolmdnut oils reported by VariOllS authors has lead to more 

understanding of their producti~n, processes, llses and ,application and above all 

their economical values. 

,. 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 CROP MATERIALS 

TIle seeds (Kernels) of three varieties of Arachis hypogeae were bought in 

Central Market, Minna. These seeds were indivi'dually identified at the school of 

Agriculture, Federal University ofTeclmology, Minna [21]. 

Each variety was treated in the same way by first sorting out the impurities 

and bad species, then washed wi~h water and dried in the oven at 100°C to a 

constant weight. The kenlels were allowed to cool and the chaffs removed to 

obtain pure kernel, which were later crushed or grounded. 

3.2 OIL EXTRACTION 

Crushed seeds (40g) was introduced into the thimble of a soxhlet extractor 

and extraction carried out llsing hexane as solvent at 500e for 4 hours. The 

procedure was repeated several times in order to obtain reasonable quantity of 

the extracts required for analysis [9]. 

Each extract was distilled to remove the hexane and the oil obtained we're 

labe lled as follows: 

Samnut-IO (RMP-12) as EMX20 ' 

TTYI Variety as EMX 21 
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Kuta Local Variety 

3.3 OIL REFINING 

30 

as EMX22 

The extracted oil obtained from each variety of grOlmdnut was refined 

using degumming, neutralisation and bleaching procedures as stated individually 

by Ozemoyah P. O. [22] and Ogwala P. [23]. 

3.3.1 DEGUMMING 

A mixture of oil extract and boiled water was properly stirred and allowed 

to stand i'n a separatory funnel until the oil and water layers were distinctly . 

formed with gums clearly precipitated out in the aqueous layer. This procedure 

was repeated many folds lUltil no f11l1her precipitate was obtained. 

3.3.2 NI!:UTRALIZATION (ALKALINE REFINING) 

Neutralization was effected by adding NaOH (0.5 M, 2cm3
) to the oil 

(87 .32g) and stirring the mixture before carrymg out thennal bleaching of the 

product. 

3.3.3 BLEACHING 

Two stages process of bleaching was used, that is thermal bleaching and 

adsorptive bleaching respectively, 
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3.3.3.1 TIIERMAL BLEACHING (DEODORISATION) 

The degulllmed - neutralised oil (87.32g) was bleached by heating in an 

oil bath at 140"(' for 10 minutes. The product obtained was used for adsorptive 

bleaching. 

3.3.3.2 ADSORPTIVE BLEACI-UNG (DECOLORISATION) 

To each of the thennal bleached oil (87.32g) activated charcoal (1.Sg) 

was added and the content heated in an oil bath to 120"C with constant stirring 

for 30 minutes . The resultant product was then centrifuged for I hour. and the 

puri fied-decolorised oil decanted . 

3.4 DETEI~MINATIONS 

The oil obtained fron; the above experiments were lIsed to detennine the 
.... 

phys ical , chemical properties and impurities as outlined below: 

3.4.1 PHYSICAL PROPERTIES 

Physical properties such as refractive index, boiling point, specific 

. . . 
gravity , and oil content are special characteristics of a particular oil depending 

on its variety and SOllrce . The various methods used for respective features are 

di scussed below as given by Durst H. D. et. al [24]. 

3.4.1.1 OIL CONTENT 

Oils Ii'om crushed samples were extracted according' to the method 

hi ghlighted in section 3.2 



32 

The oil content was calculated from the weights of the sample, and that of the 

actual oil extract and expressed in percentage as : 

3.4.1.2 

Oil content = Wo x 100 = x% 
Ws 

where Wo = Weight of oil 

W s = Weight of sample 

x = % extract. 

SPECIFIC GRAVITY 

A clean, dry volumetric flask (I Ocm3
) was accurately \\;'eighed (W). The 

flask was filled to the mark with oil sample and reweighed (Ws). Similarly, the 

clean, dry tlask was filled to the mark with distilled water and weighed again 

(WW). Using the weights obtained; the specific gravity of each oil sample was 

calculated according to the equation: 

Specific gravity = Ws-W 
Ww-W 

3.4.1.3 BOILING POINT (MICRO REFL~X METHOD) 

Sampleofoil (ICm3
) was introduced into a test tube (13 x 100mm size) 

and a thennometer whose bulb was suspended about 2cm above the top of the 

oil level was assembled. The bottom of the test tube was then heated with a free 
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flame until the vapours bathe the bulb of the thermometer. The temperature 

was noted and this observation was made for each oil spacimen prepared. 

3.4.1.4 REFRACTIVE INDEX 

The prism surface of Abbess refractometer was checked for residue from 

previous determination and surface cleaned with ethanol (95%). The surface 

was left to dry by complete evaporation of ethanol. A dropper was used to 

place the oil sample on a lower prism ensuring that the entire width of the prism 

plate was covered. The upper prism was brought into contact with the lower 

prism so that an unbroken layer of oil was formed between the two. The 

Refractometer Controls were adjusted to bring the light and dark fields into · 

focus with the cross hairs . . The reading on the 'scale was made directly and this 

was repeated for each of the oil samples. 

3.4.1.5 REFINING YIELD 

Oils from extracted samples were refmed based on the method given in 

section 3.3. The oil yield was calculated from the weights of crude sample and 

that of actual refined oil and expressed in percentage; 

I.e . refining yield = Wr x 100 = y% 
Wc 

Where Wc = Weight of crude oil 
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Wr = Weight of refined oil 

ydlo % rdining'yield. 

3.4.2 CHEMICAL PROPERTIES 

Chemical Properties such as " acid value, saponification value, iodine 

value, and peroxide value are special properties of oil. The nuinerous methods 

used for these characteristics are described below as ~ven by Pearson D. [25] 

and William H. [26] respectively. 

3.4.2.1 ACID VALUE 

NaOH (O.IH) used for determination of acid value was prepared by 

dissolving NaOH Pallets (l .Og) in a" volumetric flask (250cm3
) containing 

distilled water (20cm3
) and the " mixture shaken until the whole NaoH was 

dissolved. The solution was then made to the mark with distilled water. 

The resultant NaOH was used to neutrilise the mixture of diethyl ether 

(25cm3
) , ethanol (25cm3

) and phenolphthalein solution (lcm3
, 1010). Oil sample 

(l.Og) was then dissolved in the neutral solution and titrated with NaoH (O.1M) 

by shaking constantly until a pink colour which persisted for about 15 seconds 

was obtained. This procedure was carried out for each oil .sarp.ple. The acid 

value was then calculated according to the equation stated below: 
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Acid Value = Vt x 5.61 
. Ws 

where Vt = Volume of titrant used and 

Ws = Weight of Sample. 

3.4.2.2 SAPONIFICATION VALlIE 

The saponification value was detennined using alcoholic solution of 

KOH and standard solution of He I prepared in the laboratory as stated below: 

(l ) Alcoholic solution of KOH was prepared by diss.olving KOH 

pellets (8.75g) in volumetric flask (250cm3
) c01;l.taining distilled 

water (5cm3
) and diluted to the mark with ethanol (95%). The 

mixture was allowed to· stanq over night and clear liquid decanted 

off. 

( ii) Standard solution of Hel (O .Sm) was also prepared by introducing 
, 

Hel (11 cm) into volumetric flask (250cm3
) containing distilled 

water (20cm3
) . The mixture was diluted to the mark with distilled 

water. 

(iii) DETERMINATION PROCESS 

The oil (l.Og) was added to the alcoholic KOH solution (12.5cm3
) 

and refluxed, wi th shaking frequently . for 30 minutes. 

Phenolphthalein indicator solution (2 to 3 drops, 1%) was added 
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and the hot solution titrated with Hel (.O .S M) until it changes from pink to 

colourless. Similarly, the blank KOH solution (without oil) detennination was 

carried out. The values obtained in both standard and test samples were used to 

calculate the amount of saponifiable materials as expressed in the equation given 

below: 

Saponification Value (b-s) x 28 .0S 
Ws 

Shere S - Volume of titrant used for the sample 

b Volume or titrant used for blank 

Ws Weight of sample. 

3.4.2.3 IODINE VALUE (WIJS' METHOD) 

The iodine value was detennined using Wijs ' solution and standard 

solution or sodium thiosulphate (Na2 S2 O.~5 H20) prepared as described below: 

( I ) Wij's Solution: The solution was prepared by, dissolving iodine 

( I J.Og) in a volullietric flask (100 0 cm"') containing glacial acetic acid (SOCIl1I) 

and made to the mark with the acid. Th~ solution (2ScmJ) was removed and chy ' 

chlorine gas (prepared from KMn04, HeL H20 and H2SO.j [27] was passed into 

th~ r~lllaining sollil ion until th~ d~~p r~al colour chang~d 
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to orange . Original solution (25cm3
) was then added to remove excess chlorine 

l28 J. 

(ii) Sodiumthiosulphate Standard Solution (0.1 M): 

The solution was prepared by dissolving N<l2 S201, 51-120 (6.2g) · in a 

volumetric tl ask (250 cm·
1

) containing distilled water 30pnJ
) and the mixture 

made up to the mark with distilled water. 

(iii) Determination Pnu.'l'sS 

The oil (O.2g) was introduced into a dlY gl<lsS stoppered bottle (250cl11\ 

Carbontetra chloride (I Ocm3
) was added to the oil to dis~olve it. Wijs' solution 

(200cm ~ ) was added to the resultant product and Kl solution moistened stopped 

inserted . The product was then allowed to stand in a dark for 30 minutes . KI 

so lution ( I?cm.l, 10%) and distilled water (100 cmJ
) were mixed with the pr0c\lIct 

and so lution then titrated with Na2 S2 OJ 51-120 (0.1 M) using star'cl1 indicator (I 

to 2 drops , I 'Xl) just before the end point (yellow to colourless) (S). 

Silllilarly , the blank Wijs' solution (without oil) determination was carried 

o ut (b). The values obtained in both standard and test samples were used to' 

calc ulate the amount of iodine as stated by the equation below : 

Iodine Val ue = b-S x 1.269] 

Ws 
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Where Ws = Weight of Sample 

The procedure was repeated for each oil sample. 

3.4.2.4 PEROXIDE VALUE (AOCS METHOD) 

The oil (I . Og) was introduced into a conical flask and acetic acid-

chloroform solution (6cm3, 3:2 Y/y) was added. The flask was then swirled unt~l 

the oil dissolved and saturated KI (1 to 2 drop) was added. The solution' was 

allowed to stand with occasional shaking for 1 minute after which distilled 

water (6cm3
) was added. The mixture was titrated with Na2 S2 0 3, 5H20 

(0.1 M), adding it gradually with constant and vigorous shaking until the yellow 

colour almost disappeared. Then starch solution (I to 2 drops, 1 %) was added 

and titration continut}fwith vigorously shakiIig near the end point to ensure that 

the iodine was completely liberated from the chloroform layer. Na2 S2 0 3, 

5 H20 solution was then added dropwise lmtil the blue colour disappeared. The 

process was repeated' for all the test samples. The equation given below was 

used to obtain the amOlmt of peroxide present in each specimeh. 

Peroxide Value 

Where Vt = 

Ws = 

V t x 100 
Ws(Mg) 

Volume of titrant used 

Weight of sample 

. . 
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3.4.3 IMl>HRITIES 

Impurities such as moisture and volatile matter, insoluble '~pLUities, 

soap content, soluble matter, ash content and unsaponifiable matter are usually 

found in the oil in trace amount. . The various methods used for each of the 

listed substance are discussed below as separately outlined by Williams K. A . 

[18] and Standard Organisation of Nigeria [3]. 

3.4.3.1 MOISTURE AND VOLATILE MATTER (HOT PLATE 

METHOD) 

The hot plate method is most common in routine analysis and was used 

because it is most convenient. 

The well-mixed sample (1.0261 g) was introduced into a weighed beaker 

(15cmJ
) . The beaker was placed on a hot plate (125 to 130°C) and rotated 

gently to avoid spattering. The approach of end point was judged by the 

cessation of rising bubbles of steam as ·well as the· absence of foam. Where as 

the exact end point was judged at the point of incipient smoking of the oil. The 

beaker was allowed to cool and weighed again. The percentage moisture and . 

volatile matter was then calculated applying the equation below: 

% Moisture and Volatile Matter = Wl x 10Q 

Ws 
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Where Wl . Weight lost in milligram (mg) 

Ws = Weight of sample in milligram (mg). 

3.4.3.2 INSOLUULE IMPlJRlTIES 

The oil sample (1.0200g) was introduced into a conical flask (100cm3
). 

Petroleum ether (I Ocm3
) was added, the flask was then corked, shaken 

vigorously and allowed to stand for 30 minutes at room temperature. The 

mixture was filtered with weighed whatman filter paper (W 1). The filter paper 

containing the' insoluble components was carefully washed with small amount 

of solvent until the filtrate was free from oil. The filter paper was then dried in 

the oven (lOOlle) to constant weight (W 2). This procedure was repeated for 

each sampk. The percentage insoluble impurities was calculated using equation 

below: 

0/0 insoluble impurities Wi (mg) x 100 
Ws (mg) 

Where Wi = Weight increase of filter paper. 

W s = Weight of sample. 

3.4.3.3 SOAP CONTENT (TITRIMETRIC METHOD) 

This method was used because it is simpler than ashing method. 
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Soap content was detennined by usmg neutralised acetone solution 

prepared by introducing distilled water (2cm3
) into. beaker (100 cm3) and 

acetone (98 cm3
) was added. The resultant mixture mixed with bromophenol 

blue indicator soultion (0.5 cm3
, 0.1%) in etlianol (95%). Hel (0.01 M) was then 

added to the first appearance of a permanent yellow colour. 

The oil (2.0g) was introduced into a beaker (100cm3
) and distilled water 

(I drop)was added. The mixture . was warmed and then shaken vigorously. 

Neutralised acetone (2 .5 cm3
) was added to the soap solution (mixture). The 

resultant solution was again warmed and shaken, and the solution allowed to 

stand until it separated into two layers. The presence of soap was indicated by a 

!,rreen-blue colour in the ~pper layer. The entire solution was titrated with Hel 

(0 .01 K ) to the appearance of the yellow colour. Warming, shaking and titration 

continued lmtil the yellow colour of the upper layer remained permanent. The 

procedure was repeated for each sample. Percentage soap contents was then 

calculated according to the equation given below: 

% S?ap content 

Where 0.0 I M· 

Vt 

Ws 

= 

.= 

Vt x 0.0 1M acid x 0.608 
Ws 

Molarity of He!. 

Volume of titrant 

Weight of sample in milligram. 
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3.4.3.4 SOLUBLE MATTER 

The oil (2 .0200g) was intr:oduced into a conical flask (100 ,cm3
). 

. 3 . 
Petroleum ether (20Cm-) was added, the flask corked and shaken vIgorously 

and then allowed to stand for 30 minutes at room temperature. The mixture 

was filtl.:rcd using Whatman filter paper. The filter paper containing the 

in soluble components was carefully washed with small amount of solvent until 

the filtrate was free from oil. The filtrate and washings 'was placed 111 a 

evaporating dish . A cone of a folded filter paper was placed in a dish 

containing the filtrate with the apex up and was lighted from the apex where 
" 

Ilpon the filtratc (petroleum ether) ignited and bumt quietly. The residuc was 

ash to constant weight in a muffle fumace' (600 DC). Th~ residue was then 

cookd to room temperature and weighed. The procedure was repeated for each ' 

sample, and percentage soluble matter obtained according to the equation 

below: 

JA.J.S 

% Soillble Matter -= Wr x 100 

Ws 

Where WI' Weight of residue in milligram 

Ws Weight of sample in mjlli1:,rram 

ASII CONTENT 

Oil sample (2 .0372g) was introduced into porcelain crucible (15 cm3
) . 

Free tlame was applied to heat gently until the oil was ibTflited by application of 

, . 
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a small flame to the surface. The heating continued just enough to keep the 

sample bunung. When sufficient oil was consumed to allow the addition of 

more, the heat source was removed and oil allowed to cooltmtil burning ceased. 

Another portion of the oil (1. 0314g) was added and heating continued as 

before. The heating continued in the same manner until the residue became a 

black charred mass and then heated in a muffle furnace (600°C) t6 constant 

weight. This procedure was carried out for each sample. The percentage ash 

content was calculated as stated by equation below: 

% ash content Wr x 100 . -------..:... 
Ws 

Where Wr Weight of residue in milligram 

Ws Weight of sample in milligram. 

3.4.3.6 lfNSAPPONIFIABLE MATTER (PETROLEUM ETHER 

EXTRA,.CTION METHOD) , 

This method was chosen because it is easier than ethylether method. The 

oil (2 .5g) and ethanol (15 C~3, 950/0) 'Yere added to aqueous potassium 

hydroxjde (2 .5 em], 50% w/w) and refluxed for 30, minutes or until the oil was 

completely saponified. The soap solution was transferred into separatory 

funnel and the total volume of reflux washed with ethanol (20 cm3
, 950/0). The 

transfer was completed with warni and cold distilled water (20cm3
, 20ctit). 

" 
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The flask of reflux was rinsed with a little petroleum ether and added to the 

separatory flmnel. The separatul y fWillel was allowed to cool to room 

temperature and petroleum ether (25cm3
) added. 

The mixtllre in the separatory funnel was shaken for at least 1 minute and 

allowed to be separated and clarified. Care was taken to separate the upper 

layer from the lower layer without inclusion. The petrolewn ether layer was 

collected in another separatory funnel (250cm3
)" The extractio~ was repeated 

six more times with. portions of petroleum ether (25cm3
), shaking vigorously 

with each extraction. The combined extracts washed in a, separatory funnel 

three times with portions of etha~ol (12.5cm3 
, 10%), shaking vigorously and 

drawing off the ethanol layer after each wash. 

Petroleum ether extract was then transferred into .a beaker and 

evaporated to dryness on a water bath. The residue dried in an oven (80°C) to a 

constant weight. Finally the residue was then cooled in a desiccator and 

weighed. The wann ethanol (25cm3
, 50°C, 95%) containing phenolphthalein 

indicator (0.5 cm) previous neutralised to a faint pink colour with NaOH 

(0.02 M) was added to the residue in a beaker. The mixture was then titrated 

with NaOH (0 .02M) to the same colour. The process outlined ~as repeated for 

each sample. the percentage tmsaponifiable matter was calculated based on the 

two equations given below: 
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Weight of fatty acids in the extract in gram = 

Where 

VI x 0.02M NaOH x 0.0056 

% Unsaponifiable Matter = (Wr - Wf) x 100 
Ws 

Wf = Weight of fatty acids 

Wr = Weight of residue 

W s = Weight of sample 

LI!~AD 

Oil sample (5 g) was ashed. The ash was dissolved in hydrochloric acid 

(5cm3) and the solution neutralised with ammonia. Citric acid (2g) wa~ then 

added to the solution and allowed to dissolve. Ammonia solution (15cm3
), and 

Ke N (O. lg) were added respectively to the resultant solution. The solution was 

fin ally made up to IOOcm3
. 

N iquot (I Ocm3) was introduced into separatery funnel (250cm3
) . 

Solution (10 cm'~) of dithizone - chloroform (5g, 100 cm3
) was then added, 

closed and shaken for 30 seconds. ,The lower layer was drawn into a second 

separato ry funn el, containing K.eN -NH3 solution (25cm3) [18]. ' 

The funllel was shaken violently and the content allowed to separate. 

The lower layer was drawn off to a third separatory funnel ~ontaining the same 
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CHAPTER FOtJR 

4.0 RESlJLT AND DISCIJSSION 

4.1 SI)l\1l\1ARY OF RESULTS 

Some physical properties, chemical properties and impurities 

(Contaminants) determination of each oil samples EMX20, 21 and 22 carried 

out and results obtained are provided in table 4.1,4.2 and 4.3 respectively. 

4.1.1 PHYSICAL PROPERTIES . . 

The following physical properties were determined, namely: percentage 

oil content, specific gravity, boiling point, refractive index and percentage 

rdining yield by using standard methods and expressions outlined in section 

3.4.1. 

'( he results obtained are given in table 4.1 below: 

Table 4.1: Results of SQrne Physical Properties Determination 

' SAMPLES 

Propel1ies Emx20 Emx21 Emx22 

Percentage oil content 34 30 25 

Specific gravity 0.90 0.91 0.90 

Boiling point "C 195 230 200 

Refractive index 40" 1.466 1.466 1.465 

Percentage Refining yield 87 87 87 
I 
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".1.1.1 DISCUSSION OF PHYSICAL PROPERTIES RESULTS 

The extraction of oil can'ied out for the three varieties of grollndnllt 

indicated that Sammnut-I 0 (RMP-12), Emx20 contain more oi! (34%), followed 

by Tivi variety , Emx21 (30%) and then Kuta local variety" Emx22 having about " 

25 % of oil. Various species of groundnuts contains different amount of oil. 

However, the quantity extracted depend, on the solvent and method used . 

The efficiency of refining was tested ~isually and showed transparent, 

clear, colourless appearance, indicating that refining produced high quality oil , 
, 

which tend to ahrrees with most literature (the darker the colour, the poorer the 

quality) [4]. 

The specific gravity for Emx 21 agrees with the range given by Standard 

Organisation of Nigeria (SON), but v~riety Emx 20 and Emx 22 seems to be 

slightly different. Though the differences were not so significant they could have ' 

arose fi 'om the source and method of cultivation in which these varieties 

experienced and hence the various percentage composition of fatty acids and 

<.kgree or unsaturation. It was observed that the results obtained lie within the 

range oflll()st rieratme of f~,ts and oils (0 .90-0.92) . 13]. 

The three oil s gave the range of boiling Jbints with the variety Emx 21 

having the highest boiling point of 230"(' followed by Emx 22 and El11x 20 . 
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having 200"C and 195°C respectively. The high boiling point exhibited by Ernx 

2 1 may be attributed to its constituents fatty acids of high molecular mass and 

hence the presence of transisomers of unsaturated acids. Refractive index of 

the oils tend to lie within the range of Codex Standard (1.460-1.466) {!S1. The 

values obtained (1.466, 1.465) indicated the high purity of the o.its: On the 

other hand, the percentage refining yield (87%) for the three varieties of oils in 

question show that the refining method employed is viable and economically 

reliable. 

4.1.2 CH EM ICAL PROPERTIES 

Table 4.2 shows the list of chemical constants of each. oil samples 

detennined , namely: acid value, saponification value, iodine value and peroxide 

value respectively, by llsing expressions in section 3.4.2. 

Table 4 .. 2: Results of Chemical Constants of Oil 

SAMPLES , . 
Properties Emx20 Emx21 Emx22 

Acid Value 0.6 0.6 0.6 

Saponification Value 188 188 188 

Iodine Value (WIJS) 99 9& 98 

Peroxide Value (M l1101kg-l) '0. II 0.12 0.11 
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4.1.2.1 DISCUSSION OF CHEMICAL PROPERTIES RESULTS 

The acid, and sAponification values for all the oil samples detennined 

tend to a!:,rree and fall within the lilnits specified by previous workers [3) 9]. It 

can be seen from the table that the iodine values for the three varieties confonn 

with the theoretical values of 80-106. 

The Emx 21 and Emx 22 varieties have less iodine value while that of 

Emx 20 is higher. This implies that Emx 21 and Ernx 22 varieties are less 

unsaturated than Emx 20. 

It is also evidence enough from the table that the peroxide values for the 

three oils is about 0.12 M~ Kg-I maximwn compared with literature value of 

) 0 MfI\j. Kg-I Maximum. These values are considered relatively low with the 

. . 
Emx 2 I variety being higher in comparison to Emx 20 and Ernx. 21 species 

which apparently have identical lower values. It is pertinent .from the values 

obtained to state that all the oils samples used were not liable to rancidity and 

thus considered safe. 

..' 
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4.1.3 IMPlJRITIES 

Various fonns of impuritie&, namely: moisture and volatile matter, 

inSoluble impurities, soap contents, soluble mineral matter, ash content, 

unsaponifiable matter were detennined by using equations in section 3.4.3 and 

results got are presented in table 4.3 below: 

Table 4.3 Results of Impurities in Oil 

SAMPLES 

Impurities % M/ M Emx20 Ernx21 Emx22 

Moisture and Volatile Matters 0.2 0.3 0.2 

Insoluble impurities 0.02 0.04 0.07 

Soap Content O.6xl0-6 0.9x 10-7 0.9xI0-7 

Soluble mineral matter 0.08 - -
Ash Content 0.04 - -

Unsaponifiable matter 0.6 0.9 0.7 

I,ead (ppm) - - -
I 

KEY 

Not detected. 

4.1.3.1 DISCUSSION OF IMPURITIES RESULTS 

The moisture and volatile matter content detennined in each of the . oil 

sample showed that both Emx · 20 and Emx 22 have values very dose to the 



" 52 

literature value of 0.2% maximum. However for Emx 21 variety,. the value , 

gotten is above the range of 0'. I %. It can be deduced from the data recorded 

that the insoluble impurities of the Emx 20 and Emx 21 varieties are below 

maximum limits of 0.05% while the Emx 22 gave a value slight1y higher than 

the maximum level. The slightly higher level of impurities exhibited by Emx 22 

can be attributed to its historical experiences such as the geographical location 

in which it was grown and amount of fiber . and nitrogenous substances it 

contains. 

The amount of soap contained'in the groundnut species analysed is lower 

than the upper limit level of 0.005% in each case. The vah~es represented in 

table 4.3 show that Emx 20 has' the least amount in comparison to Emx 21 and 

Emx 22 samples. 

On the other hand, soluble mineral matter and ash content of Emx 20 are 

relatively low or infinitesimally small suggesting therefore that sample of 

grOlmdnut species tmder investigation can be considered safe enough within 

limits of experimental errors for local consumption and industrial application. 

Also shown in table 4.3 is the unsaponifiable matter, which values obtain 

lie below the maximum level of 10% M/M which implies. that the three oil 

contained very little percentage of unsaponifiable matter. . The Emx 21 has 
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smallest amount of unsaponi,fiable matter, followed by Emx 22 and Emx 20 

respectively . 

Lead content determination method used gave no reading indicating the 

absence of lead in all samples in comparison with literature value of O.lppm 

maximulll . Even though the sensitivity of the method employed may be low, it 

is evidence enough that the amOlmt of lead content in all the v.arieties tmder 

study is relatively low . Then it can be stated that adverse effect of lead when 

consumed is within 'the acceptable limit. 
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CHAPTER FIVE 

s.o CONCLUSION· AND RECOMMENDATION 

-S.l CONCLlJSION 

CJl'Oulldllut oil is one of the most important industrial raw materials, that is, 

III the manufacture of . margarine and is highly demanded for human 

conSllnptl.m. It is therefore necessary to have good understanding or processes 

and analys is involve~ in order to obtain quantitative and qualitative proqucts. 

Physical appearances of the three crude oil extracts used appeared to be 

qllite different indicating their types and level of impurities they contained. 

Though the presence of impurities is inevitable in any given oil , valucs obtaincd 

in ollr study predict some reasonable quality of the oils in question . 

Ilowcvcr, allcr the distillation process, the three refined'oil appeared clear . .' 
and similar. It is evident from the results obtained (table 4~ I) to suggest that the 

amount of oil contained by a particular species of groundnut is ' a factor ot its 

sources and variety. In the present study variety Emx 20 seems to have higher . 

amount or oil followed by Emx 21 and the least of all is var,iety Emx 22 . 

It is also pcrtinent to notc that there is a. lot of similarities in chemical 

behaviour of groundnut oil and cashew-nut oil. These similarities are widely 

dcmonstrated by the saponiJication and iodine values shown in table (4.2) . If the 
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iodine values for the varieties used are meaningful and anything to rely on, it 

can be stated that the ma!:,'Tlitude of the values obtained, suggest that there are 

more unsaturated fatty acids than saturated ones present in the 3 varieties. This 

is con finned by the fact that the extracted oils behaved mostly like liquid at 

room temperature. The data of physical and chemical analysis of samples used 

tend to agree with theoretical values. The slight differences observed in some 

cases can be flttributed to differen.ces in the species backgrOlUld ' and to some 

ex tent human and experimental factors . 

I n the course of the present study, there were limitations such as lack of 

adequate or essential chemicals, and equipment for instance, determination of 

palmitic · acid, oleic acid, fatty acids composition us,ing gas liquid 

chromato!:,Tfaphy could not be carried out. Similarly,. Iron, Copper' and Arsenic 

determination were not done · because of la,?k of chemicals e.g. thioglycollic 

acid, sodium diethyl ditijpcarbamate, hydrazine sulphate or silver diethyl 

dithiocarbamate. 

5.2 RECOMMENDATIONS · 

Sequel to the physical andchemical data revealed by the present study, it 

is appropriate to recommend variety Emx 20 as the best for both industrial and 
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local application/uses. The growth of this variety can be encouraged by 

I 

motivating and educating the peasant farmers who are the main producers. 

In view of the fact that some analysis were not carried out due to 

limitations earlier highlighted, it will be advisable for further work to be done 

on the varieties used. [n .this way more information for relative comparison can 

be obtained and reasonable conclusions drawn. To achieve this, it is 

recommended that adequate chemicals and equipment be provided or provision 

be made for inter-organisational collaboration where such items may be 

avai lable. 

Finally, and in conclusion, all the three varieties of groundnuts oil used 

can be certified in terms of quality and quantity to be of economical valuable. 



57 

REFERENCES 

I. Raw Material Research & Development Council, Technical 

Information on Crop Production in Nigeria, (August, 1994), 

30-34. 

2. Gibbon D. and Pain A., Crop of the Drier Regions of Tropics, Low 

priced Ed. ELBS (I985), 121. 

3. Standards Organisation of Nigeria, Nigerian Industrial Standards for 

I 

Edible Vegetable Oil, UDC: 664.34 NIS : 289 (1992), 4-12 

4. Ibemesi A. , Vegetable Oils and Industrial raw Material, Nigerian 

Perspective, University of Nigeria, N sukka (1992), 8-19. 

5. Weiss E. A. , Oil Seed Crops, Longman London and New York 

(1983), 100-102 

6. Weiss J. A., In . MC!.,Tfaw-Hill Encyclopedia of Science and 

Technology, 5th Ed., Vol. 5, Mcgraw-Hall (New York, 

1982), 319. 

7. Gigg O. R. et. aI , In MCbTfew-Hill Encyclopedia of Science and 

Technology. 5th Ed., Vol. 14, Mcgraw-Hill (New York, 

1982), 99. 



( 

... --.-- -- - .. ------------

58 

8. Tc:dder M. J. et. ai , Basic Organic Chemistry, Industrial Products, Part 

9. 

5, John Wiley ' and sons. London (New York 1975), 535-

540. 

Simpson B. B. and Orgorzaly, C. 1\1. Economlc Botany, Plants in our 

World, Mcgraw-Hill international Ed., Biological Science 

Series (New York, 1986), 292-316. 

10. Parker P. S. In MC!-,Jfaw Hill Dictionary o(Physics, Mcgraw Hill Book 

Company (New York, 1985), 624. 

11 . Ibemesi A , Vegetable Oils as Industrial Raw Material, Nigerian 

Perspective, University of Nsukka (1992), 20-24. 

12. Parker P. S., In Mcgraw-Hill Dictionary of Chemical terms, Mcgraw-

Hill Book Company, New York(1985), 321. 

13. Goff J. H. and Blachly, F. E. , 1. Ann. Oil Chemists Society (1973), 

320-411 . 

14. Standard Organisation of Nigeria, Nigerian Industrial Standards for 

Edible Vegetable Oil NIS : 289/1992, 1. 

15 . Shappiro H. et. aI , In Mcgraw-Hill Encyclopedia of Chemistry] 

Mcgra --Hill Book Company, New York, St . 

Loiusanfrancisco (1983), 558-559. 



( 

16. Leppik E. E., Assmned Gene Centres of GrOlmdnut and Soybeans, 

17. 

Economic Botany, Longman (1971), 188-194. 

Smartt J. J. et. ai, The genones of Arachis hypogaea, Euphytica, 

Longman (1978), 665-675 . 

18. Williams K. A., Oils, Fats and · Fatty foods, their practical 

examination, 4th Ed~ J & A Churchill Ltd. (1966), 30-105. 

19. Pearson D., The Chemical analysis of foods ,7th Ed, Churchill 

I,ivingstone, Edinburgh London & New York (l976), 448. 

20. Blachly F. F. et. aI, J.A.M. oil Chemists Society (1948), 234-320. 

21. Mohammed 1. M., Cro"p Production Department, Federal University 

ofTechnolo!:,'Y, Minna, Nigeria. 

22. Ozemoyah P. O., Refining of Palm Oil Using Locally developed 

materials. A paper presented at 15th Annual Conference 

of .Nigerian Society of Agric~lltural Engineers at Maidugllri 

(September, 1991). 

23 . O!:,'Wala P. , Refining of Palm Oil Bleaching Capacity of Various 

Nigerian Clay Deposits, Int. J. of foods Science & 

technology (1989), 647-651. 



15. 

26. 

27 . 

2R. 

.' \\ QC.c: ·c \'a\ MethOds of Analysis of he i\ssocialio/l of 
w,\\l<\m - ., ll\ (, 

Oflicial Analytical Chemists, 13th Ed., AO\C Washinglone (\980), 

437-465 . 

:.-- ' em\stry, 6th Ed Holdel1l
ess 

A and Lambert J., A Nt' Cer1ificate Ch . ., 

\.\einclllannEdlicationa\ BookNig) ltd , (1984),402-401 
. .' ' 

(Jabh \ \. M. ano Latchem, E. W., ,andbook of Lal , )o,ratory . 

~ Andre Deutsch LtCl)ndon (1967), 53 ~ 


