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ABSTRACT

This research work examines the chemical composition of Garlic cultivated in Sokoto Northwestern Nigeria using
AAS analysis. It contains P, Mn and Cu (0.013) (0.0024) and (0.0012) respectively. This made Garlic a very
valuable source of minerals. The results obtained indicates that garlic is rich in Calcium which is an essential
mineral required for bone and teeth development, and also in the regulation of nervous excitability. The oil
extracted from garlic bulbs was also characterized. The garlic bulb was discovered to have a high percentage of oil
and unsaturated fatty acid (8.40%). The iodine value of the oil was also high (126.9 + 0.1), the saponification value
was 192 + 0.1, which indicate that the oil can be used as food and the acid value was 41.7 + 0.1 which shows that
the oil is good for human consumption.
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INTRODUCTION

Oil is one of the three major classes of food safx=ts; the others are protein and carbohydratetic ®ds are
naturally occurring esters of glycerol and fattydacthat have commercial uses, some oils are catletwester
examples are triglycerides or simple glycerides [1]

Garlic oils are liquid at room temperature; thibécause of the type of fatty acids they contairgdneral the more
saturated fatty acid oils contain, the more sdlidill be and the more unsaturated fatty acid tie contain the
more liquid it will be at room temperature [1].

The physical and chemical properties of garlic aile determined to a large extent by the type tbf fcids in the
glycerides. In all commercially important glycerighe fatty acids are straight chain and neatlga@itain even
number of carbon atoms.

The majority of oils come from plants sources sasmuts and seeds but garlic oil is extracted firmsh bulb of
garlic (Plant) botanically known adlium sativum L., which is a species in the onion fami§liaceae, it's close
relatives includes the onions, shallot and the [B&k

Origin of garlic

Garlic is one of the most commonly used herbs énvibrld. It is a member of the onion family and hastrong and
characteristic odour, which is different in botlesh and fried statedlliums longiscuspic is said to be the wild
ancestor of garlic, the name garlic comes fromAhglosaxon ‘garleae’ in which gar (a spear) reterthe pointed
leaves and “leae” is the plant (reference). Gavks first discovered in Asia and MediterraneanaegLater it was
transported to Europe; it was in use in Englandrgo (1548).
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Garlic is said to have been introduced to Chind40 — 86 BC. Garlic was first reported in Americali806 by
Peter Martyr and since then its use spread rapidifrican countries like Egypt, Liberia and Nigenivhere it is
widely cultivated in the northern Nigeria.

Types of garlic

There are different varieties of garlic due to eliéfinces in size, colour, shape, taste and numbdowds per bulb.
Garlic is classified into two, the true and theséabarlic. The true garlic are the specidsium Sativum and there
are two sub species of true garlilium sativum var. ophioscorodon (Link) Ddll, called Ophioscorodon, or hard
necked garlic, includes porcelain garlics, rocaralgarlic, and purple stripe garlics. It is somesngensidered to
be a separate specigs|ium ophioscorodon G. Don.Allium sativum var. sativum, or soft-necked garlic, includes
artichoke garlic, silverskin garlic, and creolelgal7].

Extraction of garlic oil
The extraction of garlic oil is carried out usigee extraction techniques namely steam distilatioaceration and
modern extraction method.

Steam distillation method

This is used in the extraction of garlic oil, tharlgc materials are placed in a still and steanfoise over the
material. The hot steam helps to release the atomatecules from the garlic materials since theast foces open
the pocket in which the oils are kept in the gantiaterial. The molecules of these volatile oilstlescape from the
garlic materials and evaporate into steam.

The temperature of the steam need to be carefatiyralled just to force the material to let go bé toil yet not too
hot to born the garlic material or the garlic dihe steam, which contains the garlic oil, is pagkedugh a cooling
system to condense the steam which form a ligaichfwhich the garlic oil and water is separated.

The steam is produced at a great pressure thaatrtiespheric pressure and therefore boils al@®thich facilitate
the removal of the oil from the garlic at a fagtie and in so doing prevents damage to the ail [7]

Steam-distilled garlic oil contain principally aillyulphide, Allicin is a volatile component of tbé and may be lost
or converted to the Allyl sulphide degradation coompds, which usually are diallydisulphide (DADS) or
diallytrisulphide (DATS) (Stabeet al., 2001,).

Allicin > DADS or DATS

Maceration

In maceration method, the fresh garlic bulbs asked in hot oil to enhance the rupture cell memisariWhen the
oil absorbs the essence, the oil is then clearddtt@f garlic material and decanted. Maceration nhay
hydroalkoholic short or hydroalkoholic long macérat

Hydroalcoholic short maceration: Here the extraction of fresh or dried garlic witydlhoethanoic solution is done
for a short maceration time [10].

Hydroalcoholic long maceration: Here sliced garlic is placed in 20% ethanol and eretoon for long period of
time filtered and concentrated [10] & [12].

Maceration technique is very much the same teclenigged in solvent extraction, where solvents age usstead of
the hot oil as used in maceration. During solvetitagtion, non-volatile component of the botanigsterial such
as waxes and pigments are also extracted and ie saBg, this is then removed during another proGmsent
extraction may also include Effleurage and hypéoal CO, (Carbon dioxide). Effleurage could be compared to
some certain aspects employed in maceration hsitdone in slightly different way while the use tofpercritical
carbon dioxide in extraction of essential oil ifa@ly new to extract oils although a bit expenshuat yield good
quality oil.

Modern extraction methods

These apply microwave in the extraction of the igadil. A comparative study of traditional Simultous
Distillation Extraction (SDE), Microwave Assistedyéito — Distillation Extraction (MWHD) carried outyb
Kumbans, Siatis, Daferera, Taranlilis, Pappas,Rwoitsson (2005) showed that the highly reactivelsud molecule
of the garlic volatile fraction show variable regge to the different methods [4]
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Composition of garlic oil

Garlic oil contains th amino acid Alliin ((sH1,NO3S) whichis odourless and can be converted to a comp
called Allicin. When the garlic is crushed or otherwise damagedliive react with enzyme Allinase, also fou
naturally in garlic Allinase acts as catalyst result in the transformation of Alliito Allicin [8].

Structure of Alliin
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Garlic contains allicin (6H100S) also known as dially thiosulhinate, a powerfultilsiotic and antifunga
compound, is a product of enzymatic reaction. #sdnot occur in garlinaturally;instead garlic gloves contain the
amino acid allin. Allicin is asulfinyl compound that gives garlic its strong odor #lagior. The release of allicin
occurs after a garlic clove is crushed or finelpmbed. Allicin beginsto breakdown quickly especially if heat

(8].
Structure of Allicin
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Allicin (2-propene-1-sulphouthioic acid S-2-propen-lester)

Dially disulphide
Dially disulphides do not have the strong -bacterial and antifungal properties of allicin they are still believe:
to have medical benefits especially as regard$otndbcirculation and choleste [8].

Structure of Dially disulphide
/\/S\S/\/

Other chemicatompositions of garlic oil include dially trisulgle, which is about 29.7%. Ajoe which possesses
antifungal propertiesjs an unsaturatedisulfide, is formed from a chemical reactionvolving two allicin
molecules Subsequent formation of ajoene occurs when mligcdissolved in various solvents includedible oils.
Ajoene is also found in garlic extract. Ajoene igghstable and most abundant in macerate of datimpped garlic
in edible oil). Garlic also contaienzymes, vitamin tand minerals [8].

It was discovered in a study on Egyptian garligt thulphu-containing main constituents of garlic oils arellglii
trisulphide (29.7%), dially tetra sulphide (4.4%dally disulphide (3.7%), dially sulphide (2.5%) thgl allyl
trisulphide (2.1%) [9] & [11]

Nutritive value

Garlic oil is aconcentrated form of ener substance holding up to 3 cal/g @0.2 joules/g) as compared
carbohydrate and proteitiat holds about 2 cal/g or (4.4 joule. Garlic oil makes a meal more satisfying
creating a feeling of fullness [8].

Mineral composition of garlc oil

Minerals are inorganic elemeritgat are found in the body ionic forms andalmost all the metabolic processes
dependent on. Thaainerals in garlic oil provic the requirements of mineralsy the human bod Garlic in mineral
element content of phosphorus was highest, follolecthagnesium, calcium, iron, silicon, aluminum ait,
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MATERIALS AND METHODS

MATERIALS

The Garlic bulbs were obtained from the locallytiealted sourced in Sokoto. The bulbs were driedoaim

temperature to constant weight. The dried garlis teen ground into powder using motar and pistBg2of the
sample was taken and digested using 25cm3 of ctmated nitric acid and perchloric acid in a bealére mixture
was heated over heating mantle until all fumes wé@ren off. The mixture was allowed to cool to rotemperature
and filtered to remove any residue. The filtratesypéaced in a 100 cm3 capacity volumetric flask aratle up to
the mark with distilled water.

METHODS

Atomic Absorption Spectrophotometeric (AAS) metheas used to determine the concentration of the naiselt

is an analytical technique which is used to deteenthe concentrations of elements in gaseous Jthéetechnique
makes use of the wavelength of light absorbed bglament which usually corresponds to the enexfiexcitation

needed to promote electrons from ground state ¢dezkstate. Samples in agueous media are aspirdated high

temperature flame. The amount of light absorbethkyelement or metal atom is proportional to thecemtration
of the element, and this relationship is known aseBLambert’s Law.

Oil extraction

Crushed fresh garlic is placed in a porous thimdoe the thimble is placed in the inner tube of seahlet
apparatus. The apparatus is fitted with a roundobotflask of appropriate size containing the sotvand then
boiled by heating mantle and reflux condenser.

The solvent was then boiled gently and the vapass@s up through the tube and is condensed byottueiaser
and the condensed solvent fall back into the thénalsld slowly fills the body of the soxhlet extractbhe top of the
porous thimble should be above the siphon tuberatke the crushed garlic may tend to float outhef thimble and
pass down the siphon tube; also a plug of wooldsqal on the mouth of the thimble to prevent theffcbf garlic

bulb from falling out. When the solvent reaches titye of the tube it siphons over into the flask &mds remove
that portion of the solvent or substance, whichais extracted. Water is connected to the refluxdenser, which
helps in condensing the vapour of the solvent tikagcling it. The process is repeated automatiaatiyl complete
extraction is achieved. The extracted garlic oiisslated from the solvent which in this case islexane by
evaporation in a boiling water bath.

A) Saponification Value

Is a measure of the mean molecular weight of tttg &ids present in the garlic oil, the processagonification is
the hydrolysis of triglycerides into glycerol anket potassium salt of the acids using a solutiopatfissium
hydroxide in ethanol. The saponification value tiaideing expressed as the number of milligrampatéssium
hydroxide required to saponify one gram (1g) of giaelic oil. The details of individual standard imed vary but
the general technique is similar to B.S.l methads Inecessary to carry out a blank test simultasigowith the
samples. About 7g of the garlic oil are accuratebighed into a flask. To this 25¢mf ethanolic potassium
hydroxide are added, a “blank” prepared by put@Bgnt of the ethanolic potassium hydroxide in a similask.
Air condenser is fitted to both flask and the cotgevere boiled for one hour, swirling the flas@rfr time to time.
The flask is then allowed to cool a little and ttendenser is washed down with a little distilledtavahe excess
potassium hydroxide is titrated with 0.5M hydrogfdoacid using phenolphthalein indicator, the safication
valve is calculated from difference between thebland the same titration.

Saponification value = 28.05x(blank titration — gd@s titration)
Weight of sample

Where 28.05 is the number of milligrams of KOH &nf of 0.5M potassium hydroxide

B) lodine Value

Is a measure of the proportion of unsaturated piedent; from the test carried out was no presehcasaturated
acid in garlic oil, but the test measure the amairibdine which can be absorbed by the unsaturatédis. The
determination of iodine value is based on the giignr of the halogen by the unsaturated fatty attidsvariation in
the method has arisen because no one methodyisailsfactory under all condition probably the mweglely used
is that devised by Wij's and described here. Théiaail is dissolved in 20cfof carbon tetrachloride and 75tof
Wij’'s solution is added from a pipette. A blankdtion is done alongside the same flask usingdneespipette. The
stoppered flasks were swirled to mix the conteut glaced in a dark cupboard for 30 minutes at réemperature.
They were then removed and to each 20ahpotassium iodide solution was added, followgd B0cni of distilled
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water. The liberated iodine is slowly titrated wlltLlM N&S,0s, until the yellow colour just disappeared. At this
stage 2crhof starch solution are added and blue colour aspeich is discharged by further slow addition of
thiosulphate.

lodine value = (blank titration — sample titr.) larity of NgS,05; x 126.9
Weight of sample

C) Acid Value and Free Fatty Acids

This is a measure of the amount of free fatty api@sent in garlic oil which is given percentaghe&cid value is
the number of milligram of potassium hydroxide riegd to neutralized 1g of garlic oils. The degréacidity is a

number of milligrams of sodium hydroxide requiredneutralize 100g of the garlic oil. Ethanol islbdion water
bath for few minutes to remove dissolved gassesrendralized by adding a few drops of phenolphihaéand

dilute NaOH, until a pink colour is obtained. 7gtbé garlic oil was weighed into the flask and at@Bent of the

hot neutralize ethanol is added and the mixturéetodn a water bath, while still hot, the solutisrtitrated with

0.1M NaOH solution until the pink colour returnsiéfamount of NaOH used is recorded to be 20cm

Free fatty acids = Titration x 282 x 100
1000 x 10 x wt ofrgale

The acid value is a simpler expression, as theulzlon is independent of the molecular weighthe fatty acids.
The acid value is calculated by

Acid value = 5.61 x titration
Weight of sample

D) Qil Yield Determination

Garlic oil is all the substance that was extraeteder the operating condition specified in the testhod. The oil
content is expressed as a percentage by mass gatlhebulb as used for the extraction. The grashdample was
transferred into extraction thimble, which is pldde the soxhlet extractor provided with 25Ccftasks and an
electric heating bath. The garlic oil is extracydgentle boiling hexane (150&nin a weighed flask A. after the
extraction for four hours the thimble is removed dhe greater part of the solvent evaporated inreent of air.
Another extraction with 150ctrhexane in flask B is carried out for another fwurs. The greater part of the
solvent from flask A and flask B is removed by legthe oil on heating plate which enable the sai\(e-hexane)
vaporize. At this stage the last traces of hexanermoved, after cooling the flask and oil theklase weighed and
heating is repeated under the same condition fanib@ites to enable constant weight. Hence, thdai#grmination
by direct extraction is calculated as thus:

The sum of the mass of the oil from flask A and B/=and the mass of the test portion =, W

Oil content (%) of the material as received = 100/ X

W
RESULTS AND DISCUSSION

The results of the chemical analysis carried outtloa garlic bulb oil are represented in table 3nt 8.2
respectively.

TABLE 1 Physical properties of garlic oil.

Parameters Results

Colour of oil extracted  Light yellow
Specific gravity 0.90g 6.01

Odour Pronounced odour
Oil yield 21.6%

Boiling point 115C
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TABLE .2: Chemical properties of garlic oil

Parameters Results
Free fatty acid (%oleic acid) 8.40%
lodine value (g/1009) 126.96:1
Saponification value (mg/KOH/g) 19201
Acid value (mg/KOH/qg) 41.70.1

TABLE 3: Mineral elements concentrations in Garlic

Mineral Elements  Concentration(mg/L) % composition

Ca 6.770 0.277
P 0.32 0.013
K 62.22 2.489

Mg 27.60 1.104

Mn 0.060 0.0024

Cu 0.030 0.0012

DISCUSSION

The oil contains a high proportion of unsaturatgttlfacids like oleic acid and linoleic acid, oihish contain more
than 7%. Linoleic acid cannot be use for fryingcdogse they oxidize readily, yielding suspect préslfe.g irritant)
they can only be used for light cooking less thaC1[7].

The percentage yield was 21.6% indicating thatgdudic bulb can be used as a source of oil on comialescale.
The colour observed from the crude garlic oil wigétl yellow and has a pronounced odour. Howeverdihés

liquid at room temperature indicating the preseofceleic acid and linonleic acid and other unsaedéatty acids
[8]. Thus the garlic bulb is an oil source juselikotton seeds.

Saponification value

It is a measure of the average molecular weightkain length) of all the fatty acids present. Asstof the mass
of a fat/triester is in the 3 fatty acids, it allefor comparison of the average fatty acid chamgtle. The long chain
fatty acids found in fats have a low saponificati@ue because they have a relatively fewer nurobearboxylic

functional groups per unit mass of the fat as caegb#o short chain fatty acids. If more moles odébare required
to saponify N grams of fat then there are more molethe fat and the chain lengths are relativemals [2]. The

saponification value of the garlic was found tol1®2mg/KOH/g the saponification value obtained ia tl under

the study suggests that it contains short chaiy #aids.

The acid value, which is an index of free fattydacontent due to enzymatic activities in the gablitb was found

to be 8.40 mg/NaOH/g. the acceptable value of 6 MgOH /g recommended by the codex alimenterios
commission for sun flower oil [2]. This value shottst the oil does not have long shelve life asait rapidly go
rancid.

Specific gravity, this is defined as the ratio bé tdensity of a material to the density of someddad material
usually water at %. However, the density obtained was 0.90d/cwhich is comparable to those éfbizia
lebbeck seed oil (0.70m/c but less dense than thosefafcia nilotica seed oil (0.9g/ci) [4]. lodine value is the
measure of the proportion of unsaturated acidseptds oil. The iodine value of the garlic oil 126/100g, which
is high indication that it is drying oil. The valigehigher than the iodine value of African pea2iD3) [5].

Boiling point of the oil is the temperature at whithe saturated vapour pressure of the oil becargeal to the
atmospheric pressure[4]. The boiling point of A5%or the oil indicates that it has molecular weigfian water
which boils at 108C.

The result of AAS analysis revealed that garlicidh in minerals such as Ca, P, K, Mn and Cu. Gartintain a
high proportion of K (2.485%) followed by Mg (1.1%4 and these was followed by Ca (0.277%) . It alsatain P,

Mn and Cu (0.013) (0.0024) and (0.0012) respegtivEhis made Garlic a very valuable source of naferThe

results obtained indicates that garlic is rich @ld@im which is an essential mineral required fond and teeth
development, and also in the regulation of nernexgtability. Sokoto garlic is rich in Phosphorusieh is a key
component of the nucleic acids and also takes ipabbne and teeth development; and Copper whicispéan

important part in blood clotting. Manganese is useproper bone formation.
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CONCLUSION

From the results, it can be concluded that Gaslie good source of minerals and oil. It a majodfadditive in and
around northern Nigeria. The oil content is alsghhivhich makes it's extraction in commercial qugntiofitable.
The oil also is a very high quality for human uses it has a high proportion of unsaturated fattigs.

Recommendation
Garlic oil has high linolic acid content and isrfere advice as suitable dietary oil in conditafrheart disease and
high blood pressure.

As regards nutritional aspect, we are all awarethaf encouragement given by various authoritativeids
throughout the world to decreasing total fat intakel increasing the proportion of unsaturated fatvhich garlic
oil is a very good example. It is also recommeniased on its minerals content.
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