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Shea buer is a versatile plant fat extracted from kesruélshea nutsseeds of shea trees
(Vitellaria paradoxg. Shea butter has long been usedsiirSaharanAfrica for
medicinal, culinary, andther applicationgand serveas a cocoa butter equivalent ireth
manufacture of chocolate as well as an ingredient in cosmefgtsea butterrich in
unsaturated fatty acidandergoes hydrolytic and oxidative degradation during-post
harvest processing and storagesulting ininconsistent and degraded quality amdited

sheltlife.

The objective of this study was to assess important quality characteristics of shea butter.
Seven West African shea butters were analyzed to measure physicochemical parameters
by wet chemical tests and to measure chemical compositiogap chromatographic

analysis. Physical properties were consistent among samples and within the range of



typical shea butter. The samplesalso shared similar chemical compositions, showing

palmitic (3.364.44 % of total fatty acids), stearic (39-44.62 %), oleic (40.7444.48 %),

and linoleic acids (5.748 . 41 %) as the mamwinmhaving daniy aci
inflammatory property (57.264.37 % of total sterols and triterpenes) as the major
unsaponifiable matter. Moisture, insoluble impurities, fretatty acids, and peroxide

values were needed to be controllediree fatty acid level was the most variable
parameterranged froml.07to 8.56 %. Peroxide value was low enough except the one

which wasas high as 15.32 mEg/kg.Total unsaponifiablenattes weremeasured lower

(2.21:4.18 %) compared to the previous studied 1%%6) but still higher than many other

plant oils and fats (~2 %).

This study also aimed at identifyirige protective effect of selected synthetic (BHT) and
natural (rosmarinic andjallic acids) antigidants on shea butter froroxidation.
Peroxide value, conjugated dienes, thiobarbituric acid reactive substances, and the
amount of major fatty acids were measured as oxidative parameters at 0, 72 and 144
hours while thecontrol andsampleswith 0.02 % ofantioxidants were stored 80 °C

with air flow. The antioxidants ere significantly effective in protecting shea butter
from oxidation and no significant difference in the effect of synthetic and natural

antioxidants was found.
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CHAPTER 1. INTRODUCTION

1.1. Overview of shea butter

1.1.1. The Botany of shea trees

Shea trees belong to Sapotaceae familyweagr@first named by the Geram botanist Carl
Gaertnel(Gaertner, 1807asVitellaria paradoxaC.F. Gaertn. In 1961, the species

already described by Gaertner was renamé@Liggospermum park{Kotschy) (Maranz
etal.,2003) , wi t h patki®referpng to Mwngo Péark (1771805) who was

the great Scots explorgntroducing shea butter to Europe (Goreja, 200Many
publicationshaveconsideredutyrospermum parkas the synonym of. paradoxathe
currenty accepted name for the African shea treds igaradoxawith theWest African

trees classified as the subspedigs a r a @ tha Bast Africanoneésni | ot i cao

(Ferriset al.,2002; Di Vincenzoet al.,2005 Mbaiguinamet al, 2007.

Shea trees growild across a 5000 km wide belt of savank@(re 1-1) (Maranzetal.,

20a Masterset al, 2009 includingWest African countries of Senegal, Mali, Céte

doél voire, Bur ki na NageiaNigerT@agergon, &t farther eastBe ni n
in Ugandh, Sudan and Ethiopia (Chalfiz004 Goreja, 200% This savanna beis also

call ed O0shea bel etal,2a0ho Argongthesedamtries, Gharar r i s

and Burkina Faso are the main shea nut exporters (Véalkr, 2003).



Vitellario poradoxa subsp. paradoxa
. Vitellaria poradoxa subsp. nilotica
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Figure 1-1. Distribution of shea trees whichis called shea belt among traders.
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In the wild, shedrees grow upo 9-12 m(30-40 feet)in haghtand begin to bear

commercial quantities of fruit aftepproximately20 to 50 yearsHigure 1-2) (Tella,

1979 RAISE, 2002). Shea trees do not reach maturity L#& years and after getting
mature, they can continuouglyoduceshea nuts for up to 200 years (RAISE, 2002
Alander, 2004). Compared to other trees groas plantatiorcrops shea trees take

much longetime to reach maturity, which have discourageel tommercial plantation.

It is easy to understand how longer it takes for shea trees to reach maturation by simply
comparing with coffee tree€ffea Arabicq Coffea Arabicas commercially

important coffee species belonging to Rubiaceae faanmitoriginated in South Western
Ethiopia (Steigeet al.,2002). Coffeeplants in Salvador are reported to begin to bear
after 2 to 3 years and reach full maturity after 7 to 8 years and continue to yield coffee
beans up to nearly 30 years (Ukers, 192For ths reason, the entire shea industry is
based upon shea butter collected in many countries from naturally growing stands of shea

trees.

Shea treeblossom during February to March, and the fruit become matured in June to
July (Figure 1-2) (Alander, 2004). The fruit are harvested during June to September
once thg fall to the groundrom the treegRAISE, 2002 Alander, 2004). Shea fruit is

light green colored with a diameter o8Anchesor 5-8 cmsimilar to a fig (Chalfin,

2004). Shea fruit consist ad green epicarp (the outer part), a fleshy mesocarp)(pulp
and a relatively hardndocargshell containingembryo(shea kerngl(Olaniyanet al.,
2007)(Figure 1-2). Mostly, shea fruit contain one or two kernels but occasionally have

two to three fronwhich shea butter is extracted (Alander, 2004).



(@)

Figure 1-2. Wild growing shea trees &), shea fruit on the trees (kc) and fallen to the
ground (d), shea kernels (e), and an African woman boiling shea nuts to kill embryo
(f) as a part of sha butter making. Pictures were takenand provided by The New
Use Agriculture and Natural Plant Products (NUANPP) in Rutgers University.



1.1.2. Extraction of shea butter

Traditionally, the extraction of shea butter has been done at the village ek sifiea
butter is sold in local markets.In recent years, the dried kernels have been exported to
processing countries in Europe, Japan, and India where shea butter is extracted in large
scale industrial plantd.ovett, 2004. Traditional extraction haseen usually done by
boiling water and skimming off the released oil while commercial one is ctettly
pressing or solvent extractievith further refining and deodorizing of shea butter
(Alander, 2004). However, with the increased interest in natyrdérived products
organic shea butter productienpreferred and thusffortshave been made

industrially produce shea buttey following the traditional extraction methed The

shea butter obtained fromettraditional extractioprocedure not icludingarefining

stages calleddnrefined shea buttér

Either at the village or industrial leveshea butter is extracted from dried shea kernels.
Once shea fruit falirom the trees, the fruit amllectedby African women from the
ground and theulpis removed by fermentation or manual peeli@alfin B. 2004
Moharramet al.,2006). Then the nuts can be processed accordingr® of thehree
distinct traditionaproceduregLovett, 2004)(Figure 1-3). In West Africa, he nutscan

be boiledor roested, while in East Africa the nuts are simply-siiied

In the West African boiling method, the nuts are boiled to kill the embryo and thus
prevent germination of the seedsThis method has the additional advantage of

inactivating the lipasethatareresponsible for hydrolytic degradation of shea butter



However, boiling camlsocausehigh peroxide valugsince the high temperature and
water can accelerate oxidatidrogett, 2004 Masterset al.,2004;Bail et al.,2009.
After theboiling, the nuts are dried in the sun, thowmdrying of shea nutduring
rainy seasortan lead tanold contaminatiorand thus affect the quality of the final
producs (Moharramet al.,2006) After then, thenuts are cracked t@moveshells
from the dried nts andthenkernelsare further dried by roasting or sdrying (Lovett,

2004 Moharramet al.,2009

In the West Africa oven method, the nuts are roasted or smoked on ovens and the dried
nutsthatstill have husks are storédovett, 2004). This procelure has the disadvantage
thatroasting or smoking in the oven can cause high arsafiolycyclic aromatic

hydrocarbons (PAHs) known to be carcinogehmvett, 2004).

While the West African methods include a heating stage, either boiling or roadting be
or while drying, the East Africemethod involvesio heatingstep Insteadthe nutsare
directly sundried, dehusked, and sudried againLovett, 2004). The dried kernels are
stored with occasional 4@rying. Since the nuts are not subjectedhigh temperatures,
in this method, there is less chanceleéctivatimg lipases whichis usually linked with
high levels of free fatty acidgFAs) (Lovett, 2004). In this casesundrying should be

avoided during rains to prevent microbiigterioratiorof the nuts and kernels.

Thedriedkernels areghensubjected to pounding or wet milling to make a pasiehis

thenemulsified bykneading and hand beatifigoharramet al.,200§. The paste is



then boiled to separate the fat from the sh#aakeandtheresultantutter is scoopd

up, filtered through a filter cloth and placed in a cool place to solidify.



Collecting shea fruit by African women

'

Removingpulp from the fruit by manual peeling or fermentation

\ 4 A 4

Boiling nuts Roasting or
smoking nuts
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\ 4
Sun-drying Sun-drying
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from the nuts
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shea cakes and residual water

A 4
Filtering and solidifying shea butter

Figure 1-3. Diagram of extraction procedure for shea butter



1.1.3. Uss of shea butter

1.1.3.1. Traditional use of shea butter in Africa

Shea butter has long been used in the West African courlaiggsgback to ancient

Egypt based on the record that during the
valuable shea butter for cosmetic uses (Goreja, 200any records on traditional uses

of shea butter hee focused on itethngharmacologial uses. Shea butter was used by

local healers as a treatment for rheumatism, inflammation of the nostrils, nasal congestion
leprosy cough, and minor bone dislocatifiella, 1979;Badifu, 1989,Goreja, 2004

Olaniyan, 2007). Shea butter haalsobeenused for soothing and accelerating healing

after circumcision, and for preventing stretch marks in African pregnant women (Goreja,
2004) which isfrequently mentioned on the advertisement of shea butter products

Shea butter haasobeen used to massagewly born babies. In addition, shea butter

has been used asinsect repellent, providing protection agaiSgnhuliuminfection

(Goreja, 2004).

In addition tothe ethnpharmacological uses, shea butter has been used in West African
cuisine as edibleil due toits high nutritional valueand affordable pricé&ar et al, 1981,
Njoku et al, 2000;Chalfin B. 2004 Olaniyan, 2007). Shea butter is used #eebase of
many soup and condiments (Goreja, 2004)For examplewhen shea butter is mixed

with onion and pepper, it becomapopular condiment (Chalfin B. 2004) Beveragse

made with shea butter combined with millet flour, water, and savorysdpaze been

served during weddings, funerals, and work parties (Chalfin B. 2004).
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African local communies havealsofound uses and applicationsshea buttefor lamp
and heating oils, lubricants, weath@pofing roofs and soap manufacturif@goreja,
2004 Lovett, 2004 Olaniyan, 2007). Shea butterin addition,hasbeenbeneficial for
domestic animalas moisturizer whicls applied to dog$o protect their skin and paws

against harsh sand and salt (Goreja, 2004).

1.1.3.2. Use of shea butter in the international market

Large quantities of shea buteused in manufacturing chocolate and margarne i
Europe.In the chocolate industryhea butters refined and deodorizetld be used usually
ascocoa butter equivalen(€BEs)since 1960svith its similarity in physical properties

to a more expensive cocoa bufteeers, 1977Alander, 2004). CBEs areplantfats
containingno lauric acid which hae similar physical and chemical properties to cocoa
butter, andaremixable with cocoa butter in every amount without altering the properties
of cocoa buttefLipp et al.,1998. The European Union allows agjanoncocoa fain

the manufacture athocolateup to 5 %under the current European Union Chocolate
Directive, while, in the USif the product contains any cocoa butter alternatives including
CBEs,it is not allowed tdbelabekdasé ¢ h o c (@lander, 2004 Lovett, 2004). Shea
butter isless expensivthan cocoa butteand thereforé canreduce the cogif the
chocolateproduction(Chalfin B. 2004). Besides the price competitiveness, shea butter
has lower melting point compared to cocoa butet thus can be easier to make hard

candy coatings (Chalfin, 2d).



11

Even though the major market of shea butsrbeenfoundin the chocolate and
confectionary indusies, there is a fasgjrowing popular market in cosmetics and
personal care productdustry. Due to highly moisturizing and emollient properties
shea butter can be often found in the productgriprovingdrying skinandhair such as
lip balms, hand creams, facial moisturizers, shampoos, conditianeosg others The
main marketinglaims for shea butter products usuadignphasize theiighly
moisturizingpropertiesdue toshea buttés semisolid characteristicprovidinga buttery
consistency and ease of spreading on the skin (Alander, 2084¢a butterin addition,
has beenaported to have higlevels ofunsaponifiablenatterscompared to other
vegetable fats and oi(slamiltonet al.,1986; Alander, 2004Roger<et al, 2009, and
thusmore potential exist® develop shea butter products stressing bh#ab s
medicinal poperties including antioxidant, antiflammatory and othguurported
activities @Alanderet al.,2002; Maranzt al.,2004 Rogerset al, 2009. The
unsaponifiable fraction of shea butter is used as an ingredient in the treatment of
inflammatory diseasedue to its antinflammatory actior{Masterset al.,2004). It has
been used tdeveloptreament forarthritis, eeema, anderpes lesions and to lower

cholesterol levis by a pharmaceutical compamSP Pharm@Masterset al.,2004).

1.1.4. Benefit of usingshea butter

1.1.4.1. Skin, scalp, and hair emollient anchoisturizing activity

It is easy to find shea butter asactive ingredienin moisturizers (Krafet al, 2005).
Due to the semsolid characteristics and buttery consistency, shea hisidrcan be

used as great emollient and moisturigghout further processing In addition,



12

fractionated shea butter especially olein fraction is emihgulatedin creans or
surfactant based prodsauch as bath products and shamfmoorovide the skin, scalp,
and hair withwell-maintainedor increaed moistureandat the same tim deliver
antioxidants in unasponifiable fraction to the skin and (#dander, 2004Rogerset al,

2007).

1.1.4.2. Anttaging of skin due to proteasenhibiting activity

Skin-rejuvenating effect of shea butter is usually stated on the shea butter povducts
their advertisemerand this property of shea is likely to be attribuietheinhibition of
structuralproteindegrading enzymes Collagen and elastin areetimajor structural
proteins providing skin with toughness and plumpraestiJ-amyrin and lupeglthe
triterpenes alsofound in the unsaponifiabkeaction of shea butterwere found to
contribute to the inactivation of proteases such as metalloprotegseddagenase) as
well as serine protease (e.g., elastésgnder, 2004). However, further studies are
needed to assess the effectthoketriterpenesextracted from shea butten the

inhibition of proteases.

1.1.4.3. Supscreening function

Sunscreers decreaséhe amount of ultraviolet (UV) radiation reaching the skin,
preventing erythema or reducing further risk of-sustuced skircancer. Within the

UV spectrum, UVBradiation(290-320 nm) is the major cause of photocarcinogenesis
since UVB drectly interacts with cellular DNA anglibsequerfbrmation of cyclobutane

pyrimidinedimersand thymine glycolg§Velascoet al.,2008). Cinnamate esters of
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triterpene alcohol whichre themain constituent of shea butgunsaponifiable fraction

are knavn to have strong absorbance of UV radiation in the wavelength range-30@50
nm, which make thadditionof shea buttés unsaponifiables into sunscregmovide
synergistic susprotection by increasing abgdion of UVB radiation. However, the
effectivenesf the triterpeness somewhat doubted since studies using deuble
fractionated shea butter with 20 % of triterpene esters found that this triterpenic fraction

only providedthe sun protection factoSPH of 3-4 (Alanderet al.,2002; Alander, 2004)

1.1.4.4. Anttinflammatory effect

Traditional uses of shea butter in African folk medicine have been greatly attributed to
the antiinflammatorypropertiesof shea butterwhich may be related to the
unsaponifiable fraction, especially triterpene aldslamd phytosterols Although, there

is alack of studies using unsaptiable componentdipeol, U-amyrin, andb-amyrin)
specificallyisolated from shea butteseveral studies have focused on the same
components found in other speciedhe triterpened},  a-andyrinfextracted from
Protium heptaphyllunwere effective in reducing the production of proinflammatory
cytokine TNFU r el ated to acut eHgasdaFRinmetaln2008)l i nfl a
Lupeol fromthelatex ofLeptadenighastat showedslightly higherantrinflammatory
effectwhen comparetb the weltknown agenindometachirin edemamodels (Nikéma

et al.,2001) In addition,Acacia viscaextracs where the lupeok}amyrin, andb-

amyrin are the main triterpeneshowed significant edea inhibition (Pederneret al.,

2010).
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1.1.4.5. Hypersensitivityalleviating effect

Wiedner (2008) found that pharmaceutical composition containing at least 5 % of shea
but t er 0 ssuthras butgrospeenoldupeol, parkeol, germanicol, dammacddien
24-methylened a mmar e n o | ,-amgrinsbffedlivdy suppassdbypersensitivity
reaction in a mammal such lsmunoglobulin E IgE)-mediated allergic reactions and

autoimmune reactions in a mammal.

1.2. Chemical composition of shea butter

As a plant fat, shea butter consists of approximately 90% or more of triglycerides and a

minor unsaponifiable fraction.Tr i gl ycer i des are responsi bl e
properties, while the unsaponifiable fraction contains the bioactive substhates

include hydrocarbons, tocopherols, sterols, and alcohols and thus responsible for shea

butteb s medi ci n(Estosoptal.g2p08)r t i e s

1.2.1. Triglyceride fraction

Shea butter fatty acids atemposed dominantly of palmitic (16:0), stearic:Q)8oleic
(18:1), and linoleic (18:2) acids.Stearic and oleic acids dominate almosé4&®b of
total fatty acidsrespectivelyand linoleic acidyenerallyranges from 5-10 %, followed by
palmitic acid at 4 % (Alander, 2004jith lower amourg of arachidc acidand others.
Compared to grape seed oil (total saturated fatty acids:18034% of total fatty acids),
olive oil (12.716.2 %), and canola oil (57 %) which are liquid abom temperature
and have saturated fatty acids less than 20 % offadtglacids (Baydaet al, 2007;

Damodararet al, 2008; Sammaat al, 2008), shea butter contains relatively high
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amount of saturated fatty asjdvhich is responsible for solid to sesuvlid state of shea
butter at room temperatureShea butter fattgcids were found to vary across the

African countries (Di Vincenzet al., 2005)

The triacylglyceride fraction consssdf fatty acids (acyl chains) attached to a glycerol
backbone. Sincedifferent fatty acids are present in shea butter, different swtbns

of fatty acidsattached to thglycerol are possible. In shea butter, the most common
combination is SOS (Stearic, Goleic) making up to 40% of the total triacylglycerol
molecules, followed by SOO (27 %), POSg&mitic, 6%) and POP (1%RAlander,

2004). The studyconducted by Di Vincenzet al (2005) foundhatSOO, OOO, and

SOS were the major triglycerides in shea butter with regional variatibme shea

butteiGs distinctivetriglyceridecompositiondominated by SOS and $Onakest easy to
separatdigh-melting stearin fraction from the low melting olein fractimnfractionation
andtheresultantstearin fraction is further used in the mixture of cocoa butter equivalents

(Alander, 2004)

Cocoa butterds tri ac yaQPgHLRE (kliroteic)dPOS, PQO®, PBLSc o mp o
SOS, SO0, SLS, and OO0 among which POP (18.3 %), POB%J2and SOS (28.%)

are the major triglycerides (Lipgt al.,2001). The composition of triglycerides in

cocoa butter found in this study wagite similar tathat ofsheabutterstated in Alander

(2004) The similaritywasalsofound in the fatty acid composition (Lipgt al, 2001)

Of 42 samples of cocoa butténeywere found tacontainpalmitic (26.2 % of total fatty

acids), stearic (35.8 %), oleic (830), linoleic (2.7 %), and arachidic acid (0.9 %).
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Althoughthe major fatty acids showed some degree of variation, the protie bbth

cocoa and shdautters were characterized the high levels of stearic and oleic acids.

1.2.2. Unsaponifiable frat¢ion

Unsaponifiables are substances dissolved in the fat which are insoluble in aqueous
solution but soluble in organic solvent after saponificatidan(iltonet al., 1986.
Unsaponifiable fractiomomprise only asmall part of shea butter compared to
triglyceride fraction; however, shea butter has been characterized to have lyriugbal
amouns of unsaponifiables compared to other vegetable oils and fatee amount of
unsaponifiables in shea butter ranged from 41t&6lby weight (Itohet al.,1974 Peers,
1977;Hamiltonetal., 1986 Lipp et al.,1998 Alander, 2004), while a typical vegetable
oils and fats contained lowkavels(0-2%) (Gutfingeret al, 1974; Itohet al., 1974; Peers,
1977; ltohet al, 1980; Hamiltoret al, 198§. In the last écades, the unsaponifiable
of plant oils and fatkas been the subjeaf intense research duetteir various

bioactivities including antioxidant, antimicrobial and anflammatory.

Several studies have found that the unsaponifiable fraction aftsliter is dominated

mostly by triterpene alcohols, followed by hydrocarbons, sterols, and other minor
componergsuch as vitamin E (Itoht al, 1974 Lipp et al, 1998 Alander, 2004), with

minor differences within each groupAccordingto ltohetal ( 1 97 4) , shea butt
unsaponifiable fraction was found to be composed of 75 % of triterpene alcohols which

are usuallyesterified with cinnamic acid or fatty acids, 18 % of less polar compounds

such as hydrocarbons, 5 % of sterols and 2 % of methylstedd|sp et al. (1998)
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observed that the unsaponifiable fraction consisted of 65 % of triterpene alcohols, 27 %
of hydrocarbons and 8 % of sterolsAlander (2004)eviewedthat hydocarbons

(karitenes) made up-5 % of total unsaponifiables with lower anmisiof tocopherols
Tocopherols in shea butteeveextensively studied by Maram al (2004) revealing

that thetotal tocopherol contemainged from 0.0029.0805 % othe totalshea butter

Four isomers of tocophera(s, b, 2, andl) were detectedmong whicH}tocopherol was

found to behe major tochopherobd% ofthetotal tocopherols

Triterpene alcohols and sterols were mostly esterified to cinnamic and fatty acids (Peers,
1977). The @mposition of triterpenalcoholsin shea buttewasstudied by Itolet al

(1974, 1980nnd Peers (1977).Itoh et al (1974, 1980) foundlamyrinas the major
triterpenes (464.6 % of total triterpene alcohols) followed by butyrospermol ¢12.3

26 %), lupeol (1617 %),b-amyrin(7.1-8 %) with the minoa mo u n t-taraxasterol(
taraxasterqlparkeol, and cycloartenol.Peers (1977) fawd the major triterpene alcohols
wereU-amyrin (27.6 % of total triterpene alcohols), butyrospermol (26.0 %), lupeol

(22.6 %),b-amyrin(10.6 %), ad germanicol (9.4 %) with the minor levels of 24
methylenelanost9(11)en-3-ol, parkeol, dammaradienol, and-@%thylenedammarenol

(Table 1-1).

The composition of phytosterols in shea butter was studied bettah(1974), Peers
(1977), and Badifi§1989). Itohetal.( 197 4) f ound t hespimstgrobr st el
(43 % of t4a6al gmast e kraenastdor(11%9), and @ethyt

choest7-enol (6 %). Peers (197 7)bserved thaitspinasterol (50 % of total sterol) and
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e 7-stigmasterol (50 %vere the major sterols. Badifu (1989) foundhatb-sitosterol
(68 % of total sterols), stigmasterol (20%), and campesterol (M1e¥ethe major

phytosterolgTable 1-1).

Shea butter also contains other minor bioactighenols, within the unsaponifiable

fraction. In the study conducted by Maraetzal (2003), theaverage value dbtal

phenols 6101 samples was 97 ppffable 1-1), while thevalues inthe kernel vere

morethan 4000 ppm, showing that around 97 % of total phenols were lost during hexane
extraction of shea butter from the kerneThis result suggested thie phenolic

fraction is highly polar and thus far less soluble in fats.



Table 1-1. Composition of unsaponifiable fraction of shea buttels reported in the literature

Chemical Itoh et al., Peer, Itoh et al.,, | Badifu, Alander, Maranz Maranz
constituents 1974 1977 1980 1989 2004 etal.,2003 |etal.,2004
Triterpene 75 % of
alcohols UNS
Cramvrin 46 % of 27.6 % of 54.6 % of
y TA TA TA é é
B-amvrin 8 % of 10.6 % @ 7.1 % of
y TA TA TA é é
Parkeol 1.04 % of 1.5 % of
TA TA e
Lupeol 16 % of 22.6 % of 17 % of
P TA TA TA é é
Butvrospermol 26 % of 26.0 % of 12.3 % of
yrosp TA TA TA é é
Germanicol 9.4 % of
TA
Cycloartenol 3
2.6 %of
J-taraxasterol TA
1 % of
Taraxasterol TA
24-methylene 0
lanost9(11)en 1.3 % of
TA
3-ol)
. 0.7 % of
Dammaradienol TA
24-methylene 0.7 % of
dammarenol TA

6T



Table 1-1. Continued.

Chemical Itoh et al., | Peer, Itohetal., |Badifu, Alander, Maranz Maranz
constituents 1974 1977 1980 1989 2004 et al.,,2003 | etal.,2004
Karitine 18 % of 2-5 % of
hydrocarbons UNS UNS e
5 % of
Sterols UNS
Campesterol 11 % of TS 3
U-spinasterol 43 % ofST | 50 % of ST 3 3
Stigmasterol 20 % of ST
e 7-stigmasterol | 37 % ofST | 50 % of ST 3 3
b-sitosterol 68 % of ST 3 3
24-methyt
choIest?B-/enoI 6 % ofST
g 7-avenasterol | 11 % ofST
0.021% of
Tocopherols 3 3 SB
] 64 % of TC
d 7% of TC
a 38 % of TC
00) 34% of TC
Phenolics 97 ppm
3. const it uexistiSB: sheavbutlelgNS dtotal umsaponifiables;Al total triterpene alcohols; ST: total sterols

TC: total tocopherols

0¢
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1.2.3.Fractionation and chemical composition

The chemical composition of shea butter can be modified by fractionation that produces
hard stearirfthe fraction rich in stearic and thigolidat room temperatuyeand liquid

olein (the fraction rich in oleic acid and thus in liquid stateJo achieve higher content

of unsaponifiable fraction, shea butter can be further concentraiée. demical
composition of unrefined, liqui(shea bitter fractionated to be rich in liquid olein), and

concentraté shea buttewasrecentlycompared by Alandest al (2002)(Table 1-2).

As the level of fractionation increased from unrefined, liquid to concentrated, the levels
of unsaponifiables incread from 8, 100 25% {Table 1-2). Asthetotal
unsaponifiablsincreased, total tocopherols were also increased fror120@pm 150

200, to 250300 ppm respectivelyAlanderet al, 2002) In addition it wasalso found
thatthe composition of fattyads changed with the decrease in the ratio of stearic acid to
oleic acid as fractionation furtheredAs a result, the percentagéstearic acid

decreased from 42 %927 % to 9 % while that of oleic acid increased from 4%%% to

68 % respectively

Table 1-2. Chemical composition of shea butter and the fractionated products

Component Unrefined Liquid Shea butter
shea butter | shea butter | concentrate
Glycerides (%) 92 90 75
Unsaponifiables (%) 8 10 25
Tocopherols (ppm) 100-150 150200 250-300
Palmitic 4 5 5
Fatty acids Stearic 42 27 9
(% of glyceride fraction) | Oleic 45 57 68
Linoleic 6 9 14

SourceAlanderet al. (2002
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1.3. Factors causing inconsistency of the quality of shea butter

131 Regional wvariabil ietisyjcs of shea butteros
The fatty acid composition of the West Africenparadoxassubspecieparadoxaand the

East AfricanV. paradoxasubspeciesilotica shows considerablsubspecific variation.

The subspecigsaradoxaexhibited the typical fatty acid profilef conmercially

available shea butter where stearic and oleic acids are almost in similar awbilats,

the subspecieasilotica is characterized biiigherlevels ofoleic acid, thus providing a
betterproduct for thecosmetic industry However the butterfrom subspeciesilotica is

hardly found on the market due to political instabitifynorthern Uganda and southern

Sudan where this subspecies is the major source of sheadmattrus the inconsistent

supply(Ferriset al.,2001).

1.3.1.1. Regional variabity of fatty acid composition

Di Vincenzoet al (2005) found tht the Ugandarshegpopulations were characterized by
high levels of oleic acid (58 %) while the West African populations from Mali, Burkina
Faso, and Nigeria showed lower percentages$eid acids ranging from 42.0 to 46.2 %
The regional variation of the four major fatty agigalmitic, stearic, oleic, and linoleic
acids,has been reviewed by several studiesb{e 1-3). Geographical variatioappears
to influence fatty acid composith. Shea butters fror@hadand Uganda showed the
relatively higher amoustof oleic acids (57.%8.0 %) and lower amouwsf stearic acid
(22.528.9 %) than the shea butters from West Africa such as Benin, Burkinaédso,

d 6 | vy Mali,arel Nigeria wh similar levels of stearic aid (31.1-46.8 %) andleic acid

(39.347.5 %) (Badifu, 1989; Lippt al, 1998; Ferriet al, 2001; Di Vincenzet al,



2005). Shea buttesamples cominfrom the same countigan alsashowvariedfatty
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acid compositiorfTable 1-3), which may be due tthe genetics and specific population

or the processing involved from harvest to storageor example, the samples fravtali

(Di Vincenzoet al, 2005) contained 3.3 % of palmitic acid and £4.8f steariacid

while the sample from the same country (Feztial, 2001) was also reviewed to have

19 % of palmitic acid and 31.1 % of stearic acid.

Table 1-3. Regional variability of fatty acid composition (% total fatty acids) of shea

butter

Origin Palmitic | Stearic | Oleic | Linoleic References
16:0 18:0 18:1 18:2

Benin 3.8 441 | 438 6.65 | Lipp et al.,1998”
Burkina Faso 12.1 42.5 39.3 4.5 Ferriset al.,200
Burkina Faso 3.3 43.5 445 5.9 Di Vincenzoet al.,2005
Cilte d§ 6.6 46.8 51.4 8.4 | Lipp etal. 1998
Mali 3.3 43.3 44.6 6.0 Di Vincenzoet al.,2005
Mali 19 31.1 | 426 5.7 | Ferriset al.,200F
Nigeria 4 46 41 7 Badifu, 1989
Nigeria 34 43.8 44.3 5.8 Di Vincenzoet al.,2005
Nigeria 3.2 38.9 47.5 6.5 Ferriset al.,200?
Chad 4.2 22.5 68.0 49 | Lipp etal.,1998”
Uganda 4.2 28.9 578 6.3 Di Vincenzoet al.,2005
Uganda 6.5 26.4 59.3 6.2 Ferriset al.,200

a) reviewed the study conducted by the Ben Gurion Univ, Israel
b) reviewed the study conducted by Jacobsbee., 1977 (Title: Ca s es de
du beurre du kastau cours de la pparation et du stockage des amandes. Oléagineux

32:529533).

1.3.1.2. Regional variability of triglyceride composition

Regional variation of triglyceride composition was also reviewed by Di Viewet al

| 6adi fi

(2005), where Ugandan samples had major triglycerides as SOS (19.87 %), SOO

(33.39 %), OO0 (19.07 %), while the same triacylglycerides in samples from Mali,

Burkina Faso, and Nigeria were 40 %, 26 %, and 16e%pectively.
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1.3.1.3. Regional vaability of unsaponifiable fraction

Regional variability of unsaponifiable fraction of shea busleo appeart be affected

by the climate of the origin. Maranzet al. (2003b) foundarelationship between the
phenolic compounds especially catechimshea kernels and the climatelThe
concentration of phenolics was highly linked to the level of environmental,siress
thustheshea kernels frorthe hottest and driest argeée.g. the lake Chad basin area) and
those from much cooler and wetter af@aiinea and west Cameroon) showed the highest
amount of total catechins epared to the shea kernels froegions withmoderate

rainfall and temperature (e.g. Burkina Fasajlowever sincegallic acidwas mostlylost
during hexane extraction, the sheanemwith large amoustof gallic acid yieldedashea
butter withonly small amountsf total phenolic compoungdsvhich resulted imweak

regional variation in unsaponifiableg shea buttecompared to that of shea kernels.

Tocopherol contepespeciallytocopheralwhich is a dominant tocopherol of shea
butter was directlgorrelated withtemperature. Theconcentration ot+tocopherol in
shea butter from hot, dry asedN@®jamenain Chad) wasi g h e r g)(th&rthé € g/

butters originated from coolerems ofmorthern Ugand&9¢ @) (Maranzetal., 2004).

A study conducted in Mali, Burkina Faso, Nigeria, and Uganda by Di Vincetralo

(2005) also confirmed variation in the triterpene alcohols of the unsaponifiable fraction
The study foundhe West African shea buttefsom Nigeria (12.6 %), Mali (9.6 %) and
BurkinaFaso(7.1 %)contained more triterpene alcohols than the East African butter

with the Ugandan butters containing only 3.7%.
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1.3.2 Effectofposth ar vest pr oc es sschatpctasisicsshea butter 6
1.3.2.1. Effect of extraction method on shea butter

As reviewed in section 1.1.2., shaats can be processtmextract shebutterusing
several methods that can either stimulate or prevent the degradation of shea bh#er
differentmethods in gathering, processing and initially treating the shearauts
presumed to be a major underlying caustn@differencein the quality characteristics
among the shea butter extracted from diffeptates Studies byMbaiguinamet al
(2007)also foundhathexane extraction or the extraction method including the
parboiling of the seeds yielded shea butter with almost half level of freextadisy
compared to shea butter extracted without demling procedure. While the shea
butters from kBxane extraction and the procedure involving parboiling ofsssesived
acidity of 5.15.5, the buttersxtracted from sun dried nuts, with no boiling, showed

much higher levels ddcidity (10.310.6).

1.3.2.2. Effect of solvent used for extraction orhea butter

The type of the solvents used in the extraction of shea butter from the ¢amnel
influence several quality charaastics including total vitamin E content and peroxide
value. In a study conducted by Kat al(1981), petroleum ether;mexane, chloroform,
benzene, and water were used in extraction of shea bufibis study found that water
extraction yielded almoshe half or less amount of total fat from the kerneT’hey also
reportedthat the shea butters extracted with organic stdveontained nearly 0.01 % of

vitamin E and showed no detectable level of peroxides while the butters extracted with
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water contained no detectable levels of vitamin E and higher values of peroxid8s3(5.0

mEq/kg) showing that water extraction can promthe oxidation of shea butter.

1.3.2.3. Effect of extraction temperature on shea butter

Temperature involved in the extraction of shea butter is also an important factor related to
shea but t drastedy gondadted haniyanet al (2007),four different
temperatures were used in dry extraction of shea butter from thesketmeh were
heated to 50, 70, 90, and 1Drespectively The researchrsfound thatthe moisture
content decreased as the temperature increa3dobugh,temperatur@bove 90°C
resulted in deleterious effeot other quality characteristics due to excessive burning of
thesheabutter. Increased temperature was linked to lower specific gravity due to
expansion of the oil and thus the voluméncreased extraction tgraraturedso led to

the shea butter withigh levels offree fatty acid due to thermal destruction of oil cells
and increase in lipase activity, higher peroxide and rancidity vedisesell aslecreased

palatability due talecreased ester value

1.4. Quality control of shea butter

1.4.1. Currently available standards for shea butter

Quality standard for unrefined shea butter has been developed by Recdamitject

managed by the World Agroforestry Centre and funded by CFC/FAO (Common Fund for
Commoditieg~ood and Agriculture Organizatioahd approved by UEMOA (Union
Economique Moé&aire Ouest Africaine) (Lovett al.,2006) (Table 1-4). This

regionalstandardoard ha proposed sensory, physical and chemical characters that
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define the quality of shdautter, including color, odor, taste, free fatty acids, peroxide
value, insoluble impuritiesnoisture volatile matters, soap content, relative density,
refractive index, saponification value, unsaponifiable matters, iodine value, and melting
point. Thisorganization has developed a grading system using the most important
quality characters for shéwmitter,includingmoisture content, free fatty acid, peroxide

value, and insoluble impuritieS éble 1-4).

Table 1-4. Quality characteristics and grades of urefined shea butter.

Unrefind shea butter
Parameters Grade 1 Grade 2 Grade 3
Min. Max Min. Max Min.Max
Moisture content (%) - 0.05 > (0.051 0.2 >0.21 2.0
Free fatty acid (%) - 1.0 >1.01 3.0 > 3.01 8.0
Peroxidevalue (meg/kg) - 10.0 >10.07 15.0 | >15.0i 50.0
Insoluble impurities (%) - 0.09 >0.0971 0.2 >0.21 2.0

SourceRegional Technical Committee Comments on Draft Africa Regional Standard for
Unrefined Shea Butt¢2006).

According to this standarthe best qualityinrefined shea hiter ofgradel can be used

by the cosmetic and pharmaceutical industries, and for direct consumpfiibashea

butter ofgrade 2 caserve the needs &dod industry for manufacturing confectionary,
chocolate, edible oil, and a basis for margarinédheshea butter of gradgis

recommended to h#esedin soapmaking or further refined for direct consumption.

The American Shea Butter Institute (ASB$)a USbased organizatiowhich also serves
grading of shea buttevith its own standardsvhereshea ltter is graded from Grade A

to Grade D, and even to Grade FASBI (2011) conduaroutinelaboratory analysis of
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physical and chemical propertias well as other procedures (ergiclear magnetic

resonanceNMR) melting profile andalsostudies on theotential shelf life oproducts

1.4.2. Efforts made on locally produced shea butter to improve the quality

Duringthe last decadefforts have been made talence the quality of toountry
processed African shea butterPartnership betweetuniversties, nongovernment
organizations (NGOs), and/or compadiasdAfrican private business sectors or unions
of individual shea butter producétsaveestablisied quality control (QC) systesand
trainings to improve the collection and processing prasticeshea nuts and thus enhance
the quality of shea butter Theseefforts hae been made ultimately to increase the

market value of locallprocessed African shea butter the benefits of local producers

Some of tlese partnerships include th¢orthernUganda Shea Processors Association
(NUSPA)which has been established with fumglfrom the United States Agency for
International Development (USAID) NUSPAhas been prodigg pharmaceutical
grade shea buttéor exporsto theUnited States, Europe, @dapan. In addition,
NUSPAassistedhe neighboringcountry Sudan by providing training and by helping to

establishts processing centerinvolvingrural women(Harsch, 2001).

Agribusiness in Sustainable Natural African Plant Products (ASNAPR-profit
organization formed with funding from USAIBas been working wite Ghanaian
private sector and womacollectors and assisting the private sector to assess the quality

of shea butter. A Ghanaian private sector, The Pure Company, has just started
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industrially produce shea butter with the collaboration of ASNAPP and Rutgers
University. TheNew Use Agriculture and Natural Plant Products (NUANPP) Program

in Rutgers University has providecthaical support to develdpC protocolsand

trainings tolab technicians, analso crossvalidated the results from the QC testssbea
butterby doing the same tests in labs in Rutgers University and The Pure Company at the

same time

Ld&ccitane, a Franelkased cosmetics company which has a series of skiea bu
products, bugshea butter directly from Burkina Faso throughfibaion des
groupements Kiswendsida (UGK)a network of shea producers, which have brought
better returns to the producers since there is no middleman (Harsch, 2b0agldition,
thecompany has contributed to tlieelihood and the development of African women as
well asshea butter production by providing training in quality control and by paying for

the shea butter in advance (Harsch, 2001).

Currently, here is aothermovement tgoromote incountry processd shea butter. On
October 112010, an international shea alliance was launched (the alliance will be
formally launched aBhea 2011: Sustainable Solutions, the international shea industry
conference, April 4, 2011, in Accraishana with more than 50 major shea industry
stakeholderscluding traders, exporters, service providers, and NG&@sport, 2010;
Global Shea, 2011). This allianceis aimed to promote shea butter worldwide, establish
industry standards for quality asdstainable sourcing, and exchange information

(Global Shea, 2011).
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1.5. Effect of antioxidans on oxidative stability of plant-derived oils and fats

1.5.1. Oxidation that occurs in plant oils and fats

Most of the degradation of shea butter during preiogsis due toipid oxidation a

major problem in edible lipidhatleadsto chemical, sensory, and nutritional
deterioration (Velascet al, 2002). Lipid deteriorationis characterized by two distinct
stages. Theinduction periods anearly stagef oxidation(alag phasg where the
oxidative change occurs relatively slowAfter the induction period ends, oxidative
deterioratiorproceeds rapidly (i.e., an exponential phaBekornyet al, 2001,
Damodararet al, 2008) The induction periodanbe extendeavith decrease in
temperature, oxygen concentrations, fatty acid unsaturation, and activityafidemts

as well as increase in concentrations of antioxiddddasnodararet al, 2008)

1.5.2. Mechanism of autoxidation in lipids

Basically,oxidative rancidity is caused by theaction ofoxygenwith thedouble bond
of unsaturated fatty acsgdand thus oils and fatontaining higher levels afsaturated
fatty acidsaremore susceptible toxidation (McWilliams, 2001Pokornyet al, 2007,
Damodararet al, 200§. In the initiation step of lipid oxidation, a free radical, a
molecule or an atom that has unpaired electron, is formed (an alkyl radicaittiRthe

presence oiitiator such as heat, light, metal ions, among others (Shetatli 2010)

Once the free radical is formed, the propagation stage begins wiabdhmnof oxygen
atoms to the free radical to form a peroxide (a peroxyl radical:-lROOQhen the

hydrogen removed from another unsaturated fatty acid attachesperthxéde to form a
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hydroperoxide (ROOH). While the hydrogen is removed from the other unsaturated
fatty acid, the unsaturated fatty acid forms a new free radical and the same procedure
occurredn the first free radical is autcatalytically repeated antus this whole process

is called autoxidation. Hydroperoxides can be also formed by the actiomatdirally
occurringlipoxygenasson the polyunsaturated fatty acids before or during the extraction

of oils (Pokornyet al., 2007).

In the termination stge of oxidation the autoxidations ceasedy the reaction afwo
radicals to form stable neradical products such as ROOR (from peroxyl and alkyl
radicals) RR (from twoalkyl radicalg, and ROOR + ®@(from two peroxyl radicals)

(Figure 1-4).

With thepresence of oxygen, lipid oxidation will be accelerated or delayed depending on
the presence of pror antioxidants respectivel\Lipid oxidation is facilitated under the
high temperature and/or high water activity, and the presenuetafs such ason and

copper, lightamong otherfMcWilliams, 2001 Damodararet al,, 2009.



Initiation X-+RH Y R:-+XH

Propagation R-+02 Y ROO-
ROO-+RH Y ROOH +R:

Termination ROO- + ROO- Y ROOR + Oz
ROO-+R- Y ROOR

R +R- Y RR

Figure 1-4. Mechanism of lipid autoxidation (Pokorny et al, 2007)

32
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1.5.3. Decomposition of hydrperoxides and rancidity

Hydroperoxides formed during lipid oxidation are not directly responsible farofha
and thus ranciditylfamodararet al, 2008) However, their further decomposition into
alkoxyl radicals (RO which have high energyauss b-scission, the cleavage of
aliphatic chain of fatty acids into low molecular weight compouhdsareresponsible
for perceived rancidityDamodararet al, 2008) The low molecular weight
compounds include volatile hydrocarbons, alcohols, and aldsfadenorvolatile
alcohols and ketones.Volatile aldehydes are thmost important contributor to off
aroma. Hexanal, heptanal, octanal, nonanal, decdraals2-heptanalfrans-2-nonenal,
cis-2-decenalfrans,trans2,4-nonadienaltrans-cis-2,4-decadeal are some examgs of
volatile aldehyés that can be found in oxidized lipids including shea butter (Poledrny

al., 2001, Bailet al, 2009).

1.5.4. Use of natural antioxidants to protect plant oils and fats

The protective effestof various antioxidats on the oxidative stability of pladerived

oils and fatdhave been the subject of intense reseatobwing great potential to protect
oils and fatsagainst oxidation. During the last decade, thise of natural antioxidants

and natural produci{g.g.plant extractshave been widely studied by several researchers
in view of the concerns generated by the use of synthetic antiox{ddmmgsnovicet al,
2006; Kowalski, 2007; Azizkhart al., 2009). However,up to now, there are no
research reports dheeffecs of natural and synthet@ntioxidants on shea butter

oxidation.
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Protective effects of antioxidants on oils and fats were assessed by measuring several
oxidative parameteras well as induction period either under the normal storage
conditionor oxidationraccelerating condition (e.g., high temperature of 40, 60, 90,
110°C, air flow) (Juddeet al, 2003; Kowalski, 2007; Jenningsal, 2009). The
oxidative parameters inclugensory characteristics such asft#for or odor, headspace
volatile oxidation products, peroxide value, conjugated dienes and triearsigine
value, thiobarbituric acid reactive substances (TBARS), fatty acid compositimng
others(Pokornyet al, 2001, Juddeet al, 2003;Abramovicet al, 2006; Kowalski, 2007
Bouazizet al, 2008; Azizkhanet al, 2009; Jenningst al, 2009; Konsoula&t al, 2010).
Induction period was measured using Rancimat test (Abrarsbeic 2006; Bouazizt

al., 2008) and oxidative stability index was also determined as the reeassess

oxidative stability of oils with antioxidants (Jennirggsal, 2009).

Juddeet al(2003) foundhatthe addition of 1 % (w/w) soy lecithin was effective in
delaying the oxidation in rapeseed, soy, walnut, and palm oils by increasing theoimducti
time by 1.71.8 times when measuredl4tO °C anddecreasing the peroxide values by

2.2- 4.6 folds when heateat 40°C for 35 days.

Abramovicet al (2006) found the addition of 0.2 % ensary extracts containing 0.024 %
of carnosic acid t€emelna sativaoil showed the reduced formation of hgpleroxides
by more than 40 % and the extended induction period by 60 % compared to control when

stored in room temperature €30 °C) for 330 days.
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Kowalski (2007) foundhat the addition 08.02, 0.040.06 % of natural antioxidants
including quercetin, caffeic, and protocatechuic sadreeffective in preventing the
levels of fatty aciden olive oil and sunflower oivhile heating a®0 °C for 120 hours
The natural antioxidants wen® less effetive thanthe same concentration of BHa

synthetic antioxidant.

Bouazizet al (2008) foundhat the addition oblive leave extracts and hydrolys&®0
ppm) were effective in protecting refined olive oils and refined olive husk oil$ie leaf
extracts and hydrolysate decreased peroxide waud conjugated dienes and trienes of
the oils compared to controlsThe induction period was more than doubled with the

presence afhe leave extracts and hydrolysate.

In a study conducted by Azizkhaeti d. (2009), the mixture of rosemary extra(@80

ppm) and ascorbyl palmita@00 ppm), and the mixture of rosemary extra290 ppn),

U, b ,otoaopherolg200 ppn), and lecithin(1000 ppm each showed antioxidant
effect similar to that ofertbutylhydroquinone TBHQ) (120 ppm)which is the most
commonly used synthetic antioxidamteen added tanargarine made of sunflower oil
and palm stearine The two mixtures were effective in loweringppisidine of the
margarinestored at 60C for 25 daysand aso effective in extending the induction period

of the margarine whilstoredat 4°C for 14 weeks

Konsoulaet al (2010) foundhatolive, sunflower soybeanand corn oilheated at

100°C for 200 hourswere protectedgainst oxidation witthe addition of sesame
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extracts (unsaponifiable matter, sesame oil extracts, and sesame seed extracts) containing
50 to 120CL of sesamol, corresponding to a sesamol content efDr&g/kg oil.

Peroxide values dflive, sunflower, soybean, and corn oitsre reduced by 17-81.4 %,
15.1-70.7 %, 14.367.6 %, and 13:B1.8 %, respectively. The protected effect was

superior when the sesame extracts were prepared from eoatsbsted sesame seeds

rather than from dehulledasted sesame seeds.

1.6. Objectives

This study was started &id in the improvement of shea butfgoducedrom West
Africa. Using shea butter from Ghana as the case study, and in concertGfigmaian
private sector, particularlfhe Pure Companypcated inBuipe, northernGhana where
the industrial production of shea butter has just stactboration began witRutgers
Universityand Agritusiness in Sustainable African Natural Plant Products (ASNAPP),
Acrra, Ghanato support the natural products industry.he motivatia for this study
was to provide the Ghanaignvate sectowith well established quality control
procedursfor shea butter and to assess the quality of shea butter produdedever,
for this masteés thesis, thisesearclwaspurposefullynot limited © the shea butter from
The Pure Compangnd Ghangbut rather included severaiher West African unrefined

shea butterthat wereavailable in the market

1.6.1. Problem statement
Traditionally, in West Africa, processing of shea nuts and productishez butter were

practiced by the collectors of the shea nuts who are, in most cases,, wdngrass the
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knowledge of shea butter handling to their daughters, each using their own approach and
methods Local production of shea butter revealed problemsiwimclude the
inconsistenproduct and the difficulty to control or procure consistent productaltine

lack of quality control and the varied and degraded quality shea buBbkea butter
especiallyundergoes hydrolytic and oxidative degradatiomsnd) the postharvest

processing and storag&hich results in the shea butter characterized by high values of
free fatty acids and peroxide valuedll these factors leatb inconsistency of quality

and limited sheHife of shea butter

1.6.2. Objectives and hypothesis
This study was initiated to support shea butter industry in Ghana by setting up quality
control procedures to assess the quality of shea Iiigteithe Ghanaian private sector

(The Pure Company, Buipe, Bron Ahafo regionytNern Ghanags a case study

The first objective of this work was aimed at assessing and comparing sensory and
physicochemical characteristj@nd chemical compositiaf West African shea butter
samples from different origins The hypothesis underlying this objee was that West
African shea butterwill share similar chemical properties particularly the composition of
fatty acids regardless of the origproductioncondition, or storage condition while some
properties related to quality degradatitl be sigificantly different among the shea

butters from different origins.
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The second objectivef this study was to identify ways to extend its shelf life using
selected synthetic and natural antioxidants, considering shea butter is fat comprised
almost half 6the unsaturated fatty acids which are susceptible to oxiddgigeadation
The hypothesis underlying this objective wagt #elected antioxidantsill prevent the

oxidative degrdation of shea butter and thus result in extended sifielf
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CHAPTER 2. MATERIALS AND METHODS

2.1. Characterization of shea butter
2.1.1. Plant materials

Seven West African shea butter samples were used in this study for the characterization
of shea buttefTable 2-1). The sample3PCO01-03 were graciously provided by the
The Pure Company (Buipe, Nbern Ghana) and were obtain@dJanuary2009for
TPCO01, May, 2009for TPCO02, andSeptember, 2009 for TPC 0BHA 01was
purchased alocal store in New Brunswick, Nd August, 2009 anGHA 02 was
provided from Eden sheatugalson October, 2007. WAF 01 waspurchased online
(Sheabutterhut.cojrand was infformedas ma d e i n

\Wetlsetpackaferhe c a 6

sample from BeninREN 01) was provided byagatte Wadeévarchandon April 2010.

Table 2-1. Source, origin, year of prodiction and acquisition date of the unrefined

shea buttersamples used in this study.

Sample - Year of Date of
Source Origin : L
ID production acquisition
TPC December, January,
01 The Pure Company| Ghana 2008 2000
TPC January, May,
02 The Pure Company| Ghana 2009 2009
GHA : August,
01 Africansheabutter.or{ Ghana N/A 2009
GHA September, October,
02 Eden shea naturals Ghana 2007 2007
WAF West August,
01 Sheabutterhut.com Africa N/A 2009
TPC August, September,
03 The Pure Company| Ghana 2009 2009
BEN Magatte Wade Benin June/July April,
01 Marchand 2009 2010
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2.1.2. Sample preparation

Most of the kea butter samples were filtered through the coarse filter paper (P8, Fisher
Scientific, Pittsburgh, PA) &5-50 °C inanoven. The samples were storetd4’C in a
refrigerator angjust before the use, they wareelted at 450 °C until all the crystals

were dissolved and thus shea butter became. cl&pecific gravity, melting point,
moisture, insoluble impurities and sterols and triterpenoids messured withunfiltered

sample The refractive index was tested bothunfiltered and filtered samples.

2.1.3. Chemicals and reagents

Methyl red, potassium dichromate, potassium hydroxide, potassium iodide, sodium
sulfate, starch, and teoutyl methyl ¢her, and ACS grade acetone and sodium carbonate
were purchased from Acros (Morris Plains, NJpiethyl ether, Karl Fischer reagent,
sulfuric acid, and toluene, HPLC grade chloroform, hexane, and methanol, and ACS
grade glacial acetic acid, hydrochlorwidy and phenolphthalein were purchased from
Fisher Scientific (Fairlawn, NJ) lodine was purchased frolfallinckrodt (Paris, KY)
ACS/USP grade ethyl alcohol 95 % was providedPhgrmceAaaper (Brookfield, CT.)
Ammonium chloride and sodium thiosulfatere purchased frol@igma Chemical (St.

Louis, MO).

2.1.4. Measurement of sensorgharacteristics
Color, aroma, and textureaneassessed upon arrival of the samples. Color of the

samplswas visuallyassessed Aromaor notewas assessed Isynelling ech sample
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Texturewasassessd by applying the shea butter the back of the hand.This study

was done as routireensoryquality assessmentithout the involvement of traed panels

2.1.5.Measurement of physiochemial characteristics

2.1.5.1. Speific gravity (Relative density)

Specific gravity of shea butter was measusitt a 2mL capacity GayLussac bottle
which was calibrated with water.To calculatehe specific gravity, the weights of (a) a
completely dried Gay.ussac bottle, (b) the compédy dried GayLussac bottle with
distilled water which was heated to ZDin a water bath, and (c) the completely dried
Gay-Lussac bottle with shea butter heated t6@an the water bath were measured.

The specific gravity was calculated by using fibleowing formula:

2.1.5.2. Refractive Index
Refractive index was measured using a refractometer (Fisher Scientific, model 334620).

The temperature of the refractometer was set up and maintaid®dC while used

2.15.3. Melting Point
For this study, three défrentmelting poins, the clear, liquefying and dropping points
were determined tmlentify which of the three methods wilethe best method to

determinghe melting point, an importaphysical property of shea butter.
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Clear Point

Melted shea butter sgples were transferred Rasteur pipettes of which the tips were
sealedby melting theglass Figure 2-1), which was prepared by the modificatioh
Harris (2004) The pipettes containing shea butter samples were placed@tidan
oven to prevent slaebutterfrom sticking to the walls of the pipettesThe pipettes were

then placed at 4C in the refrigerator to solidifyhe butter

When the samples were entirely solidified, the pipettes were dipped into the water in a
2000 mL capacity beaker.Thetemperature of the water was gradually increased by
placing it on the hot plate and by continuously stirring it with a magnetic qfigre

2-1). The dear pointwas measuredvhen the solidified butter is completely melted and

turn into a clear liquidNielsen, 201Q)
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Figure 2-1. Apparatus for measuring clear point. Shea butter was expected to be
filled in the apparatus up to theline on the pipett.
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Liquefying Point and dropping point

For this procedure, a device made with a glass tube contaBimgn hole in the bottom
was usedhat was sealed withparafilm,andthen melted sheautterwas transferred to
the tube up to 1 cm from the bottofidure 2-2) (Lungeet al, 190§. Then the sample

was placed at 4C in a refrigerator to solidify.

After the sample was solidified, a thermometer was placed through the topefite,

the parafilm was theremovedandthe device was then placed in a bigger test tube.

The test tube containing the deviggh thermometer was then submerged 2080mL
capacity beakeffigure 2-2). The temperature of the water was gradually increbged
placingthe beakeon ahot plate and by stirring it with a magnetic stirreithe

liquefying point was measured as the temperature at which the shea butter samples
started tomelt and appeared from the bottom of the 3mm hole, while the dropping point
was measured ahe temperature at which the first drop of the melted buigertthrough

the hole(Lungeet al.,, 1909.
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Figure 2-2. Glassdevice with a 3 mmhole (left) for measuring liquefying and
dropping points (Shea butter was expected to be filtkin the apparatus up tothe
line.). The glass devicattached with a thermometer was then inserdin a bigger

test tube and submerged in a 2000mbeaker.
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2.15.4. Moisture content

Moisture content was measured with two methods: distillation method and modified Karl
Fischer method. Sincethe distillation methodequires a large amount of sample, this
methodwasonly usedfor the sample WABR1 and TPC 03the samples provided in large

amounts

Distillation method for the sample TPC03 and WAF01

Water content was determined following A.O.C.S. Official method Cé5Z&irestone
1990) In this study 400 g ainfilteredshea butteand 200 mL of dy toluenewere
transferred to a 2000 mL capacity round bottom flakich wes then attached with a
water trap anglaced on a heating mantleSince shea butter was expected to yield very
low amount of water, the water trap was filled with 1 mL of wateead the exact
amount of water and thdigcilitate recordingof the moisture contents Condenser was
then mounted on the top of the water taaol the sample was boiled with toluene on the
heating mantle at themperature 0100°C. Themixture oftoluene and shea butter
was then allowed to boil for an hoandthe water trap wathencooled foranother hour
After then,the water content was monitoradd he amount of water in the sample (%)

was calculated by the following formula:

Oi 1 Oi"AOAO

-1 EOBDBBS v HE ADOOADOOOE |

?T[T[
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Modified Karl Fischer Reagent method for all samples
Moisture content was measured following IUPAC 2.603 modified Karl Fisoleénod
which is appropriate for analyzing fats ¢aming small amount of wat¢Paquotet al,

1987.

Calibration of Karl Fischer reagent

Karl Fischer reagent was calibrategithe following procedure. 25 mL of3:1 (v:v)
solvent mixture of chloroform and methamnas transferred inta250 mL capacity
Erlenmeyer flask and a magnetic stirrer was also placed in the flableflask wasthen
masked witharubber stopper with two holes one of which could be fitted thigh
delivery tip of a burette filled with Karl Fischer reagen©nce the burette wadléd

with Karl Fischer reagenthe solvent was titratewith the Karl Fischer reagent until the
color of solvent turned from light yellow to orange.red o prevent the absorbance of
moisture from air to the solvent, the burette was closedavitbberstopperconnected

with a funnel which was filled with cotton ball addsiccantcobalt chloride (CoGC).

Another set of experiment was followeidth the same procedure mentioned ablowve
the 250 mL capacitizrlenmeyemwas filled with 25 mL of3:1 (v:v) ®lvent mixture of
chloroform and methanaind a drop of water whiclas precisely weighed to within

0.0001 g.
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Determination of the water content of shea butter

Melted unfiltered shea butter samfil® g was weighed irm 250 mL capacity
Erlenmeyer fhsk to within 0.0001 g and then 25 mL3ot (v:v) solvent mixture of
chloroform and methanol was added into the flaskitration with Karl Fischer reagent
wasthenperformed in the same manner used in the calibration of the readgent.
calculate the mature content of the shea butter samples, the following formulas were

used:

aTt
wp Wit
where, A is the value obtained after the calibratiokard Fischer reagenVo is the
number mL of Karl Fischer reagent used with @:v) solvent mixture oftdoroform

and methanol alon&/1 is the number of mL of the reagent used with the solvent and the

water added, and mO is the mass of the water added in g.

where, V is the number of mL of Karl Fischer reagent usédemetermination of

moisture content of the sample, and m is the mass, in g, of the shea butter samples used.

2.15.5. Insoluble impurities
Pretests for the measurement of insoluble impurities using IUPAC 2.604 resulted in a
considerable amount of idsal fat on the edge of the filter paper with the diameter of 12

cm and thus % insoluble impurities were overestimat&dherefore, to minimize the fat



49

residue on the filter paper, the filter paper withshellerdiameter was used and the

filter paper vith shea butter was washed using syringe filtration.

A 10 mL capacitygastight syringe (Hamilton Company, NWgas filled with5 mL of
melted shea butter samped the syringe was theveighed to 0.001 g accuracy. A
filter and thefilter paper(G6, Fisher Scientific, Pittsbulg PA) werepreviously weighed
to 0.0001 gandthen they were placed in a filter holder atthched to the tip of the
syringe(Figure 2-3). Shea butter sample passed through the filter plyaqg pressure
in the syringeandthenthefilter and the filter paper in theolderwerewashed with 50
mL of hexando remove the shea buttieom thedevice After the washing, thélter
paper was then dried anovenat the temperature a00°C for 10 minutego evaporate
all solvent and then weighed.The amount of insoluble impuriti¢satremained in the

filter paper(without any shea buttewasthencalculated by the following formula:

S A
)|0|E®@DbEOEA§—£ pTT
where m is thenass, in g, bthe tesportion, m1 ighe mass, in gyf the filter paper and
the filter, m2 is thenass, in g, ofhe filter paper with insoluble impuritiesd the filter

Since the tass fiber filter circles used were to@adile to pick with tongs, the filter

papers were weighed when they wpl&cedon the filter.

A blank test using cooking oil known to have almost no insoluble impurities was used to

make sure all the oil/fat was properly dried by the amount of hexane.
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Figure 2-3. Syringe and filter holder used inthe measuremenbf insoluble

impurities.  The figure in right side represents the constituents of syringe filter
holder. Filter paper was supposed to be placed between the white ring (B) and filter
(©).
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2.15.6. Free fatty acids

Free fatty acids were measured according to IUPAC 2.201 indivatitvod Paquotet al,
1987). 2.5gof melted filtered shea butter sample was place250 ni. Erlenmeyer
flask. 150 mL of neutralized 1:@dv:v) ethanol and @ithyl ether solutionvas added to the
flask andthe mixture was titrated with potassium hydroxidé N ethanolisolution until
the pink color appeared and lasted for at least 1dhsisc Acid value and free fatty acid

value are calculated by the follavg formulas:

oo v 4 6
I APAI Oi@ii
where T is exact normality of standardized potassium hydroxide solution, m is the mass

(g) of the test portion;

2.15.7. Peroxide value

Peroxide value was measured followildPAC 2.501(Paquotet al, 1987). 3g

(weighed to 0.001 g accuracy) of melted filtered shea butter sample was plabéd in 2
mL capacity Erlenmeyer flasknd the following reagents were added ta@:mL of
chloroform, 15 mL of glacial acetic acid, 1 mLpdtassium iodide saturatedlution 2
mL of starchsolution and 75 mL of distikd water. The resultantixture showingdark

purple to dark browmvastitratedwith standardize@®.01 Nsodium thiosulfate solution
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until the color of the mixture turned keory to white color Peroxide value (PV) was

calculated by the following formula:

e e 6 4
0AOT QERBHRE C —— pPmmm
where V is the number of mL of standardized sodium thiosulfate solution used for the test
corrected to take into account the blaegt, T is the exact normality of the sodium

thiosulfate solution usedndm is the mass in grams of the test portion.

2.15.8. Total unsaponifiable fraction

Total amount of unsaponifiable fraction was measured according to IUPAC 2.401 diethyl
ether meltod (Paquotet al, 1987). 5 g of melted filtered shea butter sample was
refluxedgentlyfor 1 hour with 50 mL of potassium hydroxide ethanolic solution (6%,
w/v). Thesample was diluted with 100 mL of distilled waserd unsaponifiable

matters were extcded with 100 mL of diethyl ether for 3 timesThe recovered ethereal
fraction was then washed wil® mL of distilled water for 3 times, 40 mL of potassium
hydroxide 0.5 N aqueous solution, 40 mL of distilled waaad40 mL of potassium
hydroxide 0.5 Naqueous solutioand therwashedwith 40 mL of water until the

collected water from washing gave no pink color upon the addition of a drop of

phenolphthalein solution.

The ethereal solution recovered was theaporated in eound bottom flask with grouh
joint which was previously dried and weighed to the ne&.€8101g by distillation.

After the distillation, 5 mL of acetone was added to the flask and the volatile solvent was
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evaporated through a gentle current of r@sulting in creamy substana@s the bottom
of the flask. The flask was thelniedin the oven ail01°C andtheresidue wasveighed

based orthe weight of the flask with the residue and the weight of the flask.

After weighing the residue, 4 mL of diethyl ether was added in thetfedissolve the
residue, followed by the addition of 20 mL of neutralized ethan®he resultant

solution was stirred for 10 minutes and additional 2 drops of phenolphthalein solution
was added to it. The solution waghentitrated with 0.1 N ethanolipotassium

hydroxide solution until the color turned to pinkThe amount of unsaponifiables (%)

was calculated by the following formula:

L. e o pTLT 4
51 OADI | EH1E I“&ﬁ

where m is the massn g, of the test portion, m1 is the mags g, of the residue, V is the

number of ml of the standardized potassium hydroxide solution asdd,is the exact

normality of the potassium hydroxide solution used.

2.1.6. Measurement of chemical compositios
Gas chromatograph(GC) was used to analyze the chemical composition of shea bultter:
fatty acid composition ahetriglyceride fraction and sterols and triterpenes in

unsaponifiable fraction.
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2.16.1. GC analysisof fatty acid composition

Transesterification of fatty acids to fatty acid methyl esters (FAMES)

0.5 g of homogenized shea butter weftuxed with5 mL of 0.5 N potassium hydroxide
methanolic solutiofior 5 minutes. After the reflux,15 mL of ammonium dbride and
sulfuric acid in methanol solution was addediheated for 3 minutesnd after the
mixture cooled downlOmL of hexane was addedd a solvent fraction was recovered
usingseparatindunnel Thenl1.5 mL ofthe solventractioncontaining fattyacid
methyl esters (FAMB) was dried over sodium sulfate, and centrifugetB&00rpm for

5 minutes. After thecentrifugation the resultant solution was subjected to GC analysis.

Identification of fatty acid methylsters (FAMES)using gas chromatoaphy with flame

ionization detecto(GC-FID)

FAMESs were analyzed cenEconeC a p E  BAAK Capillary Column (length 30m,
internal diameter 0.25mm, pkePolyethyleneglycol, film 0.25uAlltech, Deerfield, 1)

in an HP 6890 seriaggas chromatograph equippetth a flame ionization detector and an
automated injector (AgilenWilmington, DE). Samples were injected at an initial oven
temperature of 68C held for 1 minute. Then the column temperature was increased at
a rate ofL0°C / min to 200°C. The injector and the flame ionization detector (FID)

temperatures were set to 22D Helium was used as the carrier gas.

Peak identification was performed by comparison of retention times of standard solutions
to that ofindividual fatty acidstandards Fatty acidswere expressed as % of total fatty

acids.
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2.16.2. GC analysis ofthe composition of sterols and triterpenes
Analysis of the composition of sterols and triterpenes was perfdistieding the

procedure according to Ramadestral (2007) with modications.

Isolation of the unsaponifiables

Unsaponifiable fraction of shea butter was extraetedesigbedin prior section 2.1.5.8
(total unsaponiable fraction).1.2 g of melted unfiltered sample placed in a 125 mL
capacity Erlenmeyer with ground jaiwas refluxed for 1 hour with 15 nadf potassium
hydroxide ethanolic solution (6%, wiv) After 1 hour refluxing, the unsaponifiable
fraction was washed with 25 mL of diethyl ether for 3 times, 10 mL of distilled water for
3 times, 10 mL of potassium hyakide 0.5 N aqueous solution, 10 mL of distilled water,
and 10 mL of potassium hydroxide 0.5 N aqueous solutidine recovered solvent layer
was then washed with 10 mL of water until the collected water from washing gave no
pink color upon the additionf@ drop of phenolphthalein solutionThe extract was then
mixed with 7 mL oftert-butyl methyl etheand then transferred 8125 mL capacity
separating funnel, swirled and then drew the bottom layer to remove waitex extract
was therdried over sodim sulfate while centrifugedt 13000ppmfor 5 minutes. The

mixture was then transferred for glass vial for GC analysis.

Sepaation and identification of unsaponifiable fraction using gas chromatography with

mass spectrometer (G@S)

Sterols and triterpenes in the unsaponifiable fractiereanalyzed omnEconcCap EG

5 Capillary Columr(length 30m, internal diameter 0.25 mm, phesid PhenyBl95%


http://www.fishersci.com/wps/portal/PRODUCTDETAIL?LBCID=30&prodcutdetail='prod'&productId=772056&catCode=RE_SC&fromCat=yes&keepSessionSearchOutPut=true&fromSearch=N&endecaBrowseQuery=SUPPLIER%3FproductQuery%3DN%25253D4294862595%252B4294899421%252526Ne%25253D18%252B4294966969%252526Nao%25253D25%252526Nu%25253Dp_id%252526Nr%25253DAND%252528NOT%252528p_trvg_d%25253AG50007_0%252529%25252Cp_dt%25253A1%25252CAND%252528p_ci_si_d%25253A29104%252529%252529%23operation%3DproductBack%23type%3Dsupplier%23supAgID%3D4509%23catalogCode%3DRE_SC
http://www.fishersci.com/wps/portal/PRODUCTDETAIL?LBCID=30&prodcutdetail='prod'&productId=772056&catCode=RE_SC&fromCat=yes&keepSessionSearchOutPut=true&fromSearch=N&endecaBrowseQuery=SUPPLIER%3FproductQuery%3DN%25253D4294862595%252B4294899421%252526Ne%25253D18%252B4294966969%252526Nao%25253D25%252526Nu%25253Dp_id%252526Nr%25253DAND%252528NOT%252528p_trvg_d%25253AG50007_0%252529%25252Cp_dt%25253A1%25252CAND%252528p_ci_si_d%25253A29104%252529%252529%23operation%3DproductBack%23type%3Dsupplier%23supAgID%3D4509%23catalogCode%3DRE_SC
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methylpolysiloxangefilm 0.25 um, Alltech, Deerfield, IL)in an HP 6890 serieggas
chromatograph equippedth a flame ionization detector aredmass spectrometer
(Agilent, Wilmington, DE). Sampleswvere injected at an initial oven temperature of
60 °C held forl minute. Then the column temperature was increased at a r&t€ bf

min to 250°C which was then held for 22 min Heliumwas used as the carrigas

Peak identificaon was performedypcomparng the mass spectra of each peak to the

mass spectra availableVWiley Mass Spectrometéibrary 2000 (Wilmington, DE)

2.1.7. Statistical analysis

Oneway analysis of variancBANOVA) was performed on all physiazhemical

parameters by using &shPad Priam 5 (GraphPad Software Inc. La Jolla, CA) to see the
differenceamong the seven West African shea butter sampM&en the significant
difference was observed asesultof ANOVA at P<0.05, further multiple comparisons
were conducted with thBukeyds multiple comparisotest at P<@5. Results are

presented asieans istandard errorSE).

2.2. Identification of the effect of antioxidants on shea butteis oxidative stability
2.2.1.Sample preparation
For the oxidative stability tests the almm TPCO03 was used.The sample was filtered as

describd in section 2.1.2.
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2.2.2. Chemicak andreagents

The chemicald-butanol, 95 % heptadecanoic acid, potassium dichromate, potassium
hydroxide, potassium iodide, sodium sulfate, starch and ACS godlilem carbonate
werepurchased from Acros (Morris Plains, NJ)Sulfuric acid, HPLC grade chloroform,
hexane, isactane, and methanol, and ACS grade glacial acetic acid and hydrochloric
acid were purchased froRisher Scientific (Fairlawn, NJ) lodinewas purchased from
Mallinckrodt (Paris, KY)and95 % ethyl alcohol was provided ByharmceAaaper
(Brookfield, CT) 2-thiobarbituric acid, ammonium chloride, sodium thiosulfate,
butylatedhydroxyltoluene (BHT), gallic acid, rosmarinic acid were purchdsmuh

Sigma Chemical (St. Louis, MO).

2.2.3. Addition of antioxidant into shea butter

BHT, rosmarinic acid, and gallecid (0.02 %each)(Figure 2-4) wereadded tdheshea
butter. The concentration of antioxidant weslecteased on the previous studify
Kowalski (2007 as well agthe maximum level to be used in food that is gener@l32 %
of thefat or oil content of food (Pokorngt d., 2001). To achieve 0.02 %§).02gof
antioxidant dissolveth 10 mLof ethanol was added 1®0 g of shea butteslampleand
well stirredaccording tdKowalski (2007). Kowalski(2007) placedsunflower and olive
oil samples with antioxidant dissolved in ethanalomim temperature for 24 hours the
evaporation of alcohol However, considering that shea butterharacterized as solid
in room temperature and evaporating alcohol in higher tempefatuggtended period

can result in oveoxidationof shea butterthe procedure fahe evaporation of alcohol
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waslimited. The sample waglaced inan oven at 450 °C for 15 minutes to evaporate

ethanol used as well as to homogenize the sample.
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Figure 2-4. Chemical structures of the antioxidants used in the oxidative stability
studiesof shea butter putylated hydroxytoluene (BHT), rosmarinic acid, and gallic
acid).
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2.2 4. Acceleration of oxidation of shea butter

Thecontrol (samples without antioxidants), ahdsamples with antioxidants were

placed in an oven at 9C with a stream of air. Thesamples were then taken from the

oven 0, 72, and 144 hours after they were placed in the oven and the samples were stored
in arefrigerator at the temperature of@ until used in experiments.The temperature

and duration for acceleratithe oxidation was based on a previous study coteduon

sunflower and olive oilby Kowalski (2007).

Shea butter stored at 90 may not reflect the true lipid oxidation at the normal storage
condition since that high temperature can lead to side effects such as polymerization or
cyclization and alsoesult in overestimated decomposition of the primary oxidation
products (Frankel, 1993).However, 90FC was used since the objective of this study

was to assess the protective effect of selected antioxidants on shea butter against
oxidation using a fast mfeodand thus identifyhe effectiveness of antioxidant tre
oxidative stability oshea butter. Initial experiments founthatthe antioxidants were
effective in protecting shea butter from oxidation at@pPwhich means theame
antioxidantsarelikely to beeffective undethe storage conditions of shea butter where

the temperature is much lower

2.25. Measurement of oxidative indicators
To assess the effect of antioxidants during the accelerated oxidation of shea butter,
peroxide value, conjugatelienesthiobarbituric acid reactive substances (TBARS), and

change in the amount of major fatty acids were measured as indicaddosg with
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peroxidesconjugated dienegreanotherndicator of oxidation athe primary lipid

oxidation products Conjugateddouble bonds are formed upon Higstraction of

hydrogen from the polyunsaturated fatty acids in the initiatiagestf lipid oxidation
(Damodararet al. 2008) TBARS (e.g., aldehydes) as the secondary oxidation products
are the substances thaacewith thiobarbituric acid (TBA) when heated under acidic

condition, which produce pink chromophores (Seljeskiog., 2006).

2.25.1. Peroxide value

Peroxidevalue wasanalyzed byollowing the same procedure statedsettion2.1.5.7.

2.25.2. Conjugated dienes (CD)

Fortheanalysis oftonjugated dieng®\buzaytouret al, 2006, 0.020.04 g of melted
filtered shea butter sample (weighed to 0.001 g accuracy) was plaec28-mL

volumetric flask and the flask was filled with isatane up to the atk. The flask was
then sealed with stopper and sonicated for 5 minutes for shea butter to be dissolved in
iso-octane uniformly and completely. The absorbance was read at 234 nm in a 10 mm
Hellma quartz cell using a Hewld®ackard 8453 diode array spphotometer (Agilent,
Wilmington, DE). Pure iseoctane was used as the blamdCD content was calculated

by the following formula:

Conjugat=eAlGt)lenes
where A is absorbance of the solution at 234 nms €oncentration of the solution in

g/100 mL solutio, and ds thelength of the cell in cm.
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2.25.3. Thiobarbituric aicd-reactive substances (TBARS)

Thiobarbituric acid reactive substaneesre determined according Atouzaytouret al
(2006) 0.050.20 g of melted filtered shea butsample (weighed to 0.001 g accuracy)
was placed in a 2BL volumetric flask and-butanol was transferred to the flask up to
the mark. The mixture was placed at 46 in an oven for a while to avoid the
solidification of shea butter, and then sonicatedfainutes. 5 mL of the mixture was
transferred to a dry test tube and 5 mL -Gf2A reagent0.2 g of 2TBA was dissolved

in 100 mL of tbutano) was added to the sartesttube. The mixturewas well mixed
and heated &@t00°C for 2 hours in a water bfaand the intensity of the resultant colored
mixture was measured at 532 nm with a HewRattkard 8453 diode array
spectrophotometer (Agilent, Wilmington, DE)Pure tbutanol was used as the blank

and the TBARS value was calculated by the following idem

41 DAITBA v mpu

where B is the absorbance reading at 532 nm and 0.415 is a constant determined from a
standard line prepared using 1,1;&8amethoxypropane as a precursor of

malonaldehyde acquired by Abuzaytaetral (2006)

2.25.4. GC analysis othe amount of major fatty acids

The content bfatty acids was determined IBC analysisasdiscussed isection2.1.6.1.
However, before the sample was reflux@th 5 mL of 0.5 N potassium hydroxide
methanolic solutionl mL of heptadecanoic acid % w/v in hexane) waaddedo the 5

g of the samplas an internal standardAfter the GC analysis, the amount of the major
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fatty acids, palmitic (16:0), stearic (18:0), oleic (18:1), and linoleic (18:2) a@ds w
calculated by comgring the peak areas of the fatty acith thepeak area dtnown

amount of heptadecanoic a¢idternal standard)

2.2 6. Statistical analysis

Statistical analysis was conducted by using GraphPad Priam 5 (GraphPad Software Inc.
La Jolla, CA). Oneway ANOVA was performed on peroxide value, conjugated dienes,
and thiobarbituric acid reactive substances (TBARS) fatty acid contente see

whether those values were significantly increasedecreasedver time within each

sample, control and samphegh antioxidants. Forthe samplesvhere the significant
increase in the oxidative indicators was observed at P<0.05tgststfor multiple

comparisons were conducted with the Tukayultiple comparison teatso at P<0.05.

In addition, tweway ANOVA was conducted on peroxide value, conjugated dienes,
TBARS, and the amount of each major fatty acid of all samples with two variables
treatment and time. This analysis was conducted to see how protective the antioxidants
were on shea butter against thédation and to see which antioxidant was the most
effective one. When the significant difference was observed by ANOVA at P<0.05, the
further multiple comparisons were performed on all pairs of sample with Bonferroni post

test.

Results are presentedragans iSE.
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CHAPTER 3. RESULTS AND DISCUSSION

3.1. Quality characteristics of West African shea butter

In this studysensory, physical and chemigarametersf sheabutterwereassessed in
all the shea butter samplesEspecially,moisture conteninsoluble impurities, free fatty
acid,andperoxide valuaveremeasuredo assess the quality tife sheabuttersas these
parametertiave been considered as the key parameters to determine the potential for
degradation and thus to define the grades eh $Regional Technical Committee
Comments on Draft Africa Regional &tiard for Unrefined Shea Butt@006§. While
these prametersvill provide information on the degradation and potential rancidity of
thesheabutter, the active principleontentssuchastotal unsaponifiable are characters
thatdefinesthe bioactivities of shelautter andtherefore, thenaximum amounts are
usually preferredh the cosmetics, personal care product, or pharmaceunidastries,

while for the food industry minimum amots areusuallypreferred Lovett, 2004).

3.1.1. Sensorygharacteristics

3.1.1.1. Color

Color of the shea butter samples ranged from whitish yellow to yellow, which is
consistent with the typical shea butter coléo(eja, 2004Moharramet al., 2006)
(Figure 3-1). Since all the samples used in this study wareefinedshea butter,
yellow color was observed as expected possibly due to the retenfiesacdtenein that
the butters did not undergo refining procedure which leads t@theval ofcardenoids

and thus the loss of characteristic color (Hamilton et al., 1986; Bioaki 2001).
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Sensory analysis conducted by Akingbatial (2006) foundhat unrefinedhea butter
gained lower scosghan refinedouttersregarding to color. However, refing
procedure also cause the loss of mimairvaluablecomponents such as unsaponifiable
fraction with medicinal propads(Tasaret al, 2005;Moharramet al, 2006 Van Hoed

et al, 2009.
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Figure 3-1. Color of seven West African shea buttesamples. 1.TPC 01; 2.TPC 02;
3.GHA 01; 4. GHA 02; 5. WAF 01; 6. TPC 03; 7. BEN 01.
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3.1.1.2. Aroma

All seven shea butter samples revealedracteristioily and nutty aromaotes
However, the samples TPC 01, TPC 02, and GHA 03 also contained & plgssant
chocolatelike aroma. GHA 03 showed somewhat unpleasant smoky arorién

rancidnoteswereobserved.

3.1.1.3. Texture

Texture of shea butter was similar to those of commercially available body butter or
Vaseline. Since the shea butter sangplgere all solid at room temperature, the first
feeling to take the small portion from the bulk shea butter using finger tip was not as
smooth as creams or lotionHowever, once applied on the skin, all the samples were

melted and showed nice creamy tegtwhen spread over the back of the hand.

3.1.2. Physiomchemicalcharacteristics

3.1.2.1. Specific gravity

Specific gravity also referred to as relative denisitgn important physical character that
can give information on the identity of the samplevali as detect adulteration of shea
butter of which density mayncrease or decreaselt can alsgrovide informatiorfor

the shippersnthe weight of the shea butter from the given voluvhde exportingt in

large volumes (Hamiltoet al, 1986)

In all seven West African shea butter samples, specific gravity was founcctmsistent

showing values 00.91(Table 3-1). The specific gravity of 0.91 was accordance
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with the specific gravity of 0.80.9 obtained by Akingbalet al (2006) and Olagan et

al. (2007) but lower than the val@@.97) obtained by Njoktet al. (2000).

Table 3-1. Specific gravity of shea butter samples

Sample TPCO01l| TPCO2 | GHAO1| GHA 02 | WAF 01| TPC 03| BEN 01
Property

Specific 0.91+ 0.91+ 0.91+ 0.91+ 0.91+ 0.91+ 0.91+
gravity 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Values are expressed as avera@E

3.1.2.2. Refractive Index

Refractive index is the ratio of the speed of light in a vacuum to that in the oil under
examination which is related to the degree afirsdionandthe ratio ofcis/transdouble
bonds, anadanalsoprovide hints on thexidative damage (Hamiltogt al, 1986)
Refractive index can be used for rapid sorting of fats and oils which are sugpduted
adulerated (Olaniyaet al, 2007 aswell as one of the importaphysicalcharacteristics
for identificationof oils and fats In this study, refractive index was measured on both

unfiltered and filtered shea butter samg[Eable 3-2).

Table 3-2. Refractive index of shea butter samples

Sample | TPC | TPC | GHA | GHA | WAF | TPC | BEN
Property 01 02 01 02 01 03 01
' Unfiltered 1.466 | 1.464 | 1.463 | 1.465 | 1.464 | 1.464 | 1.465
Refractive +0.00| £+0.00| +0.00| +0.00| +0.00| +0.00| +0.00
index Filtered 1466 | 1.464 | 1.463 | 1.464 | 1.464 | 1.464 | 1.464
+0.00] £0.00| £0.00| +0.00| +0.00| £0.00| +0.00

Values are expressed as averagE
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Refractive index of the seven samples ranged from 1.463 to 1.466 in unfiltered samples
and from 1.463 to 1.466 in filtered samples, which faitkin the range of a typal

refractive index of shea nut oil, 1.483467(Hamiltonet al, 1989. There waslmost

no significanifference in the refractive indiebetween the unfiltered and the filtered

samplegTable 3-2).

Refractive index wagselativelyconsistent amongmost allsamplesxcept forthe
sample TPC 0Which showeda significanty higherrefractive index compared TPC 02,
GHA 02, and BEN 01 (P<0.01) and compared to GHA 01, WAF 01, and TPC 03
(P<0.001) and GHA 01 showed significantly kwefractive index (P&.05) compared
to TPC 01, GHA 02, and BEN 01 in the both unfiltered and filtered sampiéswever,
these differences were not noticeatilece the refractive indes werewithin the normal

ranges of refractive indexor sheabutter.

3.1.23. Melting points

Since fats melt away over a range, there are various concepts of melting points depending
on the amount of residual solid fat (Hamilteinal, 1986. Since melting points of fats

are related to triglyceride composition, it can be useful to iden&fyats. In addition,

the melting point of shea butter is closely related to the establishment of storage

temperature.

In this study, three different melting points were measured: Mngfdropping and

clear points The esults indicatethathighertemperature wereneeded to reach the
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liquefying point) Table 3-3). Liquefying point of seven shea butter samples ranged
from 29 to 32°C and dropping point frm 31 to 34°C. While these two melting points
were relatively consistent among different shea butter samples, cleasipmiveda

higher variation (46 t&9 °C ) with significantdifference among the samples(R05)

(Table 3-4).

Table 3-3. Liquefying, dropping, and clear points of shea butter samples

Sample| 1p: 01| TPC 02 | GHA 01| GHA 02 | WAF 01| TPC 03 | BEN 01
Property
Liquefying 32+ 29+ 30+ 30+ 30+ 31+ 31+

point °C ) 0.17 0.58 1.26 0.33 1.04 0.44 0.33
Dropping 34+ 31+ 31+ 32+ 31+ 33+ 32+
point °C ) 0.29 0.76 1.53 0.50 1.17 0.58 0.33

Clear 54+ 52+ 55+ 47+ 52+ 46+ 59+
point °C ) 0.33 0.33 0.44 0.67 0.58 1.67 0.67
Values are expressed as avera@E

Table 3-4. Tukeyé nmultiple comparisons of the seven West African sheautter
sanples on clear point

TPCO01| TPC 02| GHAO1 | GHAOZ | WAFO1 | TPCO3

*%

k%%

G H A02 **%x *% **%x

GHAO1

TPCO2

N/S: not significant (P>0.05); *: significant (AL<P<0.05); **: very significant
(0.001<P<0.01); ***: extremely significant (P<0.001).
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The dropping point obtained in this study was within the range of melting point on shea
butter,34.5 to 38C, obtained byDlaniyanet al(2007) on shea butter fronigeriaand

Alanderet al (2002) that describessih ea but t er 6 s froenl3@to35¢G. poi nt
Hamiltonet al (1986) presented the slip melting poiith values ranging from 3

42°C. The process for measuring slip melting point is quite smuldahose for

dropping point, and measured as the temperature when the stabilized melted fat becomes
softened enough to rise or slip suddenly in a capillary tubeoeitiain diametewhile

the tube is immersed in water with the increasing temperatareas of 1C /min

(Hamiltonet al, 1986). Thesemelting poins make shea butteolid or semisolid at

room temperature, but liquefied when applied on skir’C3Y, thusmaking shea butter

itself as a good body moisturizer with great spreadability

All samples showed only24°C difference between liquefying and dropping points;
however, the temperature difference between dropping and clear point of each sample
was varying among the shea butter samples rainged13to 27 °C. This impliesthat
theclear point is not a good bulk property of shea butter. Instead, this may provide
information of how small difference in the amount of very high melting triglyceride can

influence the clear point (Hamiltat al, 1986).

In this studywe confirm thatthe dropping point was the best method to measure the
melting point of shea butter due to 1) little variance between samples compared to the
clear point which is more related to the final liquefaction of very high melting

triglyceride rather thathe bulk proprty and 2) easiness to read the temperature at the
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precise time since the formation of drop is continuous pragkss the dropping of the

drop occurs in a moment.

3.1.2.4 Moisture content

High moisture content iplant fats and oilsisually leads tincreasen microbial loadas
well aslipid oxidationresulting inrancidity. In this study, moisture content of all
samples was planned to be measured by distillation method with talstmemethod

can detect the right amount of water rather tharatheunt of all volatile components (i.e.
the value obtained from the method using drying procedutdépwever, due to the
requirement ohaving a largesamplesize(400g), onlysamplesNVAF 01 and TPC 03
wereavailable insufficiently large amourgand assuch only theseere analyzed with
distillation method. Atthe same time, all seven shea butter samples were analyzed to
measure moisture content by modified Karl Fischer Reagent method which requires
much less amount of sample daa@ppropriate for sanigs containng very low amourg

of water.

Moisture contents of shea butter were quite low, iremfyjom 0.01 to 0.20 % in all the
samplesTable 3-5). There wereno significant differencgin moisture content among
the most pairs of samples when meadurg modified Karl Fischer reagent method, even
though significant difference was found between the moisture contents of GHA 01

(0.20 %) and TPC 03 (0.01 %) (P<0.05).



73

We also foundhatboth distillation and modified Karl Fischer reagent metheais

detect reproducible anceliable moisture content of shea buttein addition, when
comparing the moisture contents of WAF 01 and TPC 03 measured by distillation
methods to those measured by modified Karl Fischer reagent method, no significant
differences wes found. This result also bolstered that both methods \egreally

reliable to measurhe moisture content of shea buttertdowever, if the samplis
availablein large amoury, thedistillation method would beore appropriate since it
consists omuchsimplerproceduresrequiing only one reagertolueng, while the
modified Karl Fischer reagentethodrequires more complex proceduwrlich needs

more care to prevent the absorbance of moisture into reagent or the sample from the
environmenteven thoug it is the standard method for samples containing low amounts

of moisture.

Table 3-5. Moisture content of shea butter samples measured with distillation
method and modified Karl Fischer reagent method

Sample| 15 01| TPC 02 | GHA 01| GHA 02 | WAF 01| TPC 03 | BEN 01
Property
Distillation 0.08+ 0.03+
) N/A N/A N/A N/A 0.00 0.01 N/A
Mog:‘;ﬁgefa” 0.06+ | 0.09+ | 020+ | 006+ | 0.12+ | 0.01+ | 0.06+
0.01 0.04 0.06 0.02 0.02 0.06 0.02
reagent (%)

Values are expressed as avera@k

3.1.2.5. Insoluble impurities
Insoluble impurities include dirt and other foreign matefgiamiltonet al, 1986.
Some of hese impuritieganarise from machinerinvolved in the processing of shea

butteras well as from physical contact with the soil, ground and ggreganaterials
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Along with moistue contentthe amount oinsoluble impuritesis another important
guality parametewhich determinesleterioratiorof shea buttesince metals (particularly

iron) can accelerate the oxidation of she#terand thus deease itsnarket value.

In this study, insoluble impurities of shea butter ranged from 0.12 to 0(Ta8e 3-6).

Likewise moisture content, insolubl@purities are quite consistent among samplég$o

significant difference in insoluble impurities ang the samples was observed at P<0.05.

Table 3-6. Insoluble impurities of shea butter samples

Sample TPCO1l| TPCO2| GHAO1| GHA02 | WAF 01| TPC 03| BEN 01
Property

Insoluble 0.14+ | 0.12% 0.15+ 0.12+ 0.12+ 012+ 0.12+
impurities (%)| 0.03 0.03 0.01 0.02 0.04 0.01 0.04

Values are expressed as avera@GE

3.1.2.6. Acid value and free fatty acids

The amount of free fatty acids were found to be variable among the samplésy rang

from 1.07 to 8.56 %Table 3-7), as the free fatty acids are heavigpeéndent on the
processing practices All pairs of shea butter samp|exceptbetweenTPC 01 and’PC

03, showed significantlylifferentlevel of free fatty acids at P<@.{Table 3-8). The

free fatty acids found in this study was similar to the acwxhilyes divided by 1.99

obtained by Mbaiguinarat al (2007) on shea butter from Southern Chad,6221%.

The values were relatively higher than the free fatty acid commonly reported in literature,

<0.05 % (Moharranet al, 2006) and also the value of ©.% from Njokuet al (2000).
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Several studies conducted free fatty acids analysis on commercial vegetable oil samples
and the values were in a range of 60085 % (Garet al, 2005 and0.021.38 % (Osawa
et al, 2007), which were much lower than the deishea butter samples used in this

study.

Table 3-7. Free fatty acidsof shea butter samples

Propertfamp'e TPC 01| TPC 02| GHA 01 | GHA 02 | WAF 01| TPC 03| BEN 01
Free fatty | 1.94+ | 3.92+ | 856+ | 146t | 7.01x | 211 | 1.07+
acids (%) 0.00 0.04 0.00 0.04 0.07 0.04 0.12

Values are expressed as avera@GE

Table 3-8. Tukeyé nultiple comparisons of the seven West African shea butter
samples orfree fatty acids

TPC 01| TPC 02| GHAO1 | GHAO2 | WAFO1 | TPCO3

**% **% *%*% *% *%% **%

BENO1

TPCO3

WAFO01 | ***

*** K%k **%* *kk

*** K%k **%x

*** *** K%k

GHAO02

*** ***

GHAO1

***

TPCO02

N/S: not significant (P>0.05); *: significant (0.01<P<0.05); **: very significant
(0.001<P<0.01); ***: extremely significant (P<0.001).

Free fatty acid levels of éhshea butter samples used in this study were found to be
higher. Free fatty acid levslof final shea butter can be reduced by neutralization or

deodorizatiorbut theprocedures also reduce several bioactive compounds naturally in
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shea butter. Thereforefor unrefined shea buttefree fatty acids levels should be kept
low by proper processing practicesnsidering that free fatty asidiere observed to act
aspro-oxidans due to the presence of unesterified carboxylic acid groups (Watatho

2009).

3.1.2.7 Peroxide value

Peroxide values showed wide range from 2.15 to 15.32 mEgége 3-9). The

difference may be due to the condition where the shea fruits and nuts were collected,
processed into the shea butter, atuled. While the range of pexide values was wide,
except the GHA 02, other samples showed no significantly different levels of peroxides.

GHA 02 showed a significantly higher level of peroxides (15.32 mEqg/kg) than that of

TPC 01 (2.15 mEg/kg) and that of TPC 03(4.46 mEqg/kg) at@%<

Table 3-9. Peroxide valueof shea butter samples

Samplel 1pc 01| TPC 02 | GHA 01 | GHA 02 | WAF 01| TPC 03 | BEN 01
Property
PS;?;"ede 215+ | 6.01+ | 873t | 1532+ | 8.94% | 4.46% | 6.79%
043 | 043 | 056 | 571 | 064 | 000 | 0.0
(mEg/kg)

Values are ex@ssed as averageSE

It was nteresting to notéhat TPCO1 showed the lowest peroxide value among the
sampls TPCO1, TPCO02and TPCO03 which were all froithe Pure Company (Ghana)
with thesame production method and different production dakat@f008,early 2009,
and mid 2009, respectively.Even though all the three samples showed relatively low

amount of peroxide value which could be within the range of a grade 1 sheatbatter,
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extent of oxidation warelativelyhigherin TPC 02 6.01mEqg/kg)compaed toTPC 03
(4.46mEqg/kg)andTPC 01 2.15mEg/kg). This resultsuggestthat slight differences

in processing or storage practices can impact the oxidation obstiea

In addition, when the free fatty acidsaple 3-7) and peroxide valueJ éble 3-9) were
compared, somewhaimilartrends were found except the sample GHAWRich means
the hydrolytically degraded shea butter had more chance to get oxidative degradation
The reason for this is not clear but the oxidation of fatty acids migimHkewith the
hydrolytic breakdown of the fatty acids and the the glycerol moleciéarahoet al

(2009 reported thathe presence of unesterified carboxylic acid grongeee fatty acids
endows the surface activity of free fatty acid and resuitthe increase of proxidant
metaltlipid interaction. However,to confirm the correlationbetween hydrolytic and
oxidative degrdaion, more samples are needed to be tested,smdas study,

correlation coefficient (Ryvas0.13 which means very wealorrelation existetbetween

free fatty acids and peroxide values

No clear relations between moisture content or insoluble impurities and peroxide value
were found since the levels of moisture and insoluble impurities were very similar among

the samples.

3.1.2.8 Grading of the seven West African shea butter samples
The shea butter samples used in this study were graded according to the West African

standardsleveloped by ProKarité and approved by UEMOA (Union Economique
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Monétaire Ouest Africainewhee moisture content, free fatty acid, peroxide value, and

insoluble impurities are mentioned as key parameters in grading of shea butter.

The grid lines represesithe upper limit of the i, 2%, and ¥ grade of shea butteand
how the quality charaate fit in relation to the measured quality charactérgure 3-2).
Except the sample GHA 02, the levels of peroxide value of all samples weeadogh
to be the T grade while moisture, insoluble impurities, and free fatty acids were
relatively high ad thus most samples could not be tflgade. Sample GHA 01
showed the highest level of free fatty acids (>8 %) Sawhple GHA02 showed the
highest level of peroxide value (>h&q/kg, which were the beyond the upper limit to

be withina 3¢ grade.
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Figure 3-2. (a) Moisture, (b) insoluble impurities, (c) free fatty acids, and(d)
peroxide value of the shea butter samples for grading.Red gid lines on the graphs

represent the upper limit for the I, 2%, and 3° grade of shea butter as for each

parameter. The best quality shea butter is theLgrade.
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Based on the value of each parameter of the samip€503 was the highegquality
shea butterbelonging to grade.2 The next high quality samples were TRGQrade?2)
and BENO1(grade?) followed by TPC 02(grade 3\andWAFO01 (grade 3)andGHAO1

(grade 3)while the sample GHAO2 showed the lowest quality (grad@&)le 3-10).

It is noticeable that all the samples revealed flgrade level of insoluble impurities

and thus, for ranking, other three parameters were usdelC 03 was the only sample in
which twoparametersmoisture and peroxide valuesere scored as*igrade and free

fatty acid was in % grade level and thus evaluated as the best quality among the samples
Thisresultshowedthat the recently produced shea butsarmple(TPC 03) from Te Pure
Company was well processed as well as stored to kedygthgquality, athoughmore

effort is needed to reduce insoluble impurities and free fatty acids.

The sampleFPC 01, TPC 02, GHA 01, WAF 01 and BEN 01 all hddjtade level
peroxide value and"2grade level moisture content but the free fatty acidl ives

within the 29 grade level in TPC 01 and BEN 01¢ grade leveln TPC 02 and WAF Q1
andbeyond the& grade level in GHA 01 The sample GHA2was found to have no
parameters within the®grade level and instead, moisture content and freedaitls
were in 29 grade level, and peroxide value, which is an important oxidative indicator,

was in the % grade level and thus the ranked as the worst quality sample

The long period of storagefrox.2 years)would have likelyresuledin theincreased

peroxide value of GHA 02, even though the storage condwienegood to keep the
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relatively low level of free fatty acids (no light and low temperatur@he sample GHA

01 was scored as the secoodestquality that waspossibly due tpoor stomg

conditions The sample GHA 01 was purchased in local market in New Brunswick, NJ
in August, 2009 where the sample was placed in the witalbut air-conditioning in hot,
humid summer and thus exposed to high temperature which might be perfectser lipa

activity.

Table 3-10. Grading of the seven West African shea butter samples based on
moisture content, insoluble impurities, free fatty acid, and peroxide value.

Sample |[TPC |[TPC [ GHA | GHA [ WAF [ TPC [ BEN
Grade 01 02 |01 |02 |01 03 |01
15'Grade MC -:
I
FFA
- [ [
2" Grade MC
T
FFA
PV

39 Grade MC

FFA
PV

39 Grade ~ MC

FFA
PV
Rank (Grade) 22 |4(3) [60) |[7Q) |43 (1 |22

MC: moisture content; II: insoluble impurities; FFA: free fatty acids; PV: peroxide value



83

3.1.2.9 Total amount of unsaponifiable fraction

Total amount of unsaponifiable substances in the seven West African shea butter samples
ranged from 2.210t4.18 %with no significant difference among the sam@e®<0.05

(Table 3-11). Althoughseveraktudies and commerciatlvertisements of shea butter

have emphasized the unusual high amount of
theresultsfrom this studysuggest all tasamples contained lower levelsAll the

samples except TP@ and TPC 03vere found to contain lower amosimaif
unsaponifiablesompared t@reviously reported valge4-11 % (toh et al, 1974 Itoh et

al, 1980; Hamiltonet al, 1986 Lipp et al, 1998 Alander, 2004)

Table 3-11. Total unsaponifiablesof shea butter samples

Sample| 15 01| TPC 02 | GHA 01| GHA 02 | WAF 01| TPC 03 | BEN 01

Property
Unsaponifiables| 3.99+ 4,18+ 2.69+ 2.21+ 277+ 417+ 2.56+
(%) 0.25 0.43 0.44 0.30 0.54 0.67 0.54

Values are expressed as avera@E

However, compared to many other vegetable oils and fats, the range of unsaponifiables
found in this study was still higher.Exceptfew plant oik (e.g, olive and avocado
most plant derivedils revealedow amouns of unsaponifiables generally less than 2 %

(Table 3-12).
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Table 3-12. The amount of unsaponifiable matteran selected plantderived oils and

fats.

Oil or fat Unsaponifiable content, % | Family

Olive extracted ~2.59 Oleaceae
Coconut 0-0.5¥") Arecaceae
Cocoa butter 0.1-1.2% Sterculiaceae
Linseed 0.1-1.7% Linaceae
Groundnut 0.2-0.8% Fabaceae
Palm kernel 0.2-0.8% Arecaceae
Babassu kernel | 0.2-0.9% Arecaceae
Cotton seed 0.2-1.5%P) Malvaceae
Rapeseed 0.2-2.09 Brassicaceae
Palm 0.31.2% Arecaceae
Safflower seed 0.31.3% Asteraceae
Sunflower seed | 0.31.3? Asteraceae
Camellia seed 0.330.499 Theaceae
Kapok seed 0.51.0% Malvaceae
Walnut 0.51.0% Juglandaceae
Soy bean 0.51.7%") Fabaceae
Corn (maize) 0.52.8% Poaceae

Tea seed 0.6-0.82 %9 Theaceae
Olive pressed 0.7-1.1% Oleaceae
Mustard seed 0.7-1.5% Brassicaceae
lllepe 0.7-2.0% Dipterocarpaceae
Olive flesh 0.81.5” Oleaceae
Pentadesma 0.81.8% Clusiaceae
Sesame seed 0.92.0% Pedaliaceae
Ol ive pi{15Y Oleaceae
Date palm seed | 1.79" Arecaceae
Wheat germ 259 Poaceae
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Table 3-12. Continued.

Oil or fat Unsaponifiable content, % | Family

Mango kernel 2.019 Anacardiaceae
Sal 2.029 Dipterocarpaceae
Pokeweed seed |2.07% Phytolaccaceae
Kokum 2.3% Clusioideae
Mahua 2.419 Sapotaceae
Spinach 2.99 Amaranthaceae
Rice bran 379 Poaceae
Alfalfa 3.39 Fabaceae
Shea nut 1.27; 4-11990NDH Sapotaceae
Avocado flesh 4.812.2" Lauraceae

Ol ive pi (49" Oleaceae
Garden balsam 5.6° Balsaminaceae
Avocado kernel | 55.5" Lauraceae

Sources: aHamiltonet al, 1986 b) Gutfingeret al, 1974 c) ltoh et al, 1974 d) Itoh et al,
198Q e) Tchoboet al, 2007 f) Nehdiet al, 2010, g) Dharaet al, 201Q h) Lipp et al,

1998 i) Njoku et al, 200Q j) Alander, 2004k) Moharramet al, 2006

With the relatively high amount unsaponifiablaguferesearch imeededo focuson
shea buttés bioactivities whichmost presum&o befound inits unsaponifiable fractign
including antioxidant, antinflammatory, andnsectrepellent activities based on the
previousstudies Several studieshowedthe presence of tocopherols, which have
antioxidant activities, in shea butter (Marasiz, 2004)and providedexamples of
traditional use of shea buttiar thetreatment forheumatismandnostril infection Tella,
1979 Goreja, 2008 Several studies can be performadsivoandin vitro. For

example the effect of shea butter on celyemeration, skin cancer and skin inflammation

can be tested with topicapplicationon skin on animal models which can bolster more
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scientific evidence of the use of shea butter as ingredient for the cosmetics formula or

ointments.

Unsaponifiable matterare known to be potentisburceof nutraceuticals as well as a
good stabilizer in lipids (Shahiét al, 2010). Therefore, lhe relatively large amount of
unsaponifiables in shea butter compared to many otherggived oilssuggest that
sheas a pomising source of natural ingredisior many applications in cosmetics,

foods, and pharmaceutical industries

3.1.3. Chemical composition of shea butter

3.1.3.1. Fatty acid composition

GC-FID analysis of fatty acid methyl esters (FAMES) founddylglycerides (TAGS) in
shea butter wereomprised ofour majorfatty acids palmitic (3.36-4.44 %) stearic
(39.74 44.62 %) oleic(40.7144.48 %) and linoleic(5.73-6.41 %)acids among which
stearic and oleiacidswere dominan{Figure 3-3 and Figure 34). The sum of these
four major fatty acidsanged from 93.73 to 97.11 % of total fatty aqi@lable 3-13). In
addition, excepthe samplé&HA 01, the relative amount of stearic acid shghtly
higher than that of oleic acid and the percentage ofistaad that of oleic acid were
quite similar among samplesThe ratio of steric to oleic acidcanged from 1.02 to 1.08

while the ratio ofGHA 01 wasas low a$.89.

With exception of fewpairs of samples, the relatigenount of the most dominant fatty

acids, stearic and oleic acids, war significanty different Relative amourstof
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stearic acid in the sample GHA 01 was significantly lower (P<0.05) than that of the
sample BEN 01 and relative amount of oleic acid of GHA 01 was significantly higher
(P<0.05) than that of TPC 02.GHA 01 showed also significantly higher levels of
relative amount of palmitic and linoleic acids than most of the sampddse( 3-14 and
Table 3-15). From this result, it is found that the fatty acid composition of the sample

GHA 01 is distinct from other samples while the other samples shared almost same fatty

acid composition.

Table 3-13. Fatty acid composition(% total fatty acids) of the shea butter samples

Sample
TPC TPC GHA GHA WAF TPC BEN
_ 01 02 01 02 01 03 01
Fatty acid
N 3.69 3.95 4.44 3.62 3.63 3.58 3.36
Palmitic
+007| £0.26 | +0.17| £0.10| £0.13| +0.10| £0.02
S _ 42.67 | 43.82 | 39.74 | 43.49 | 43.62 | 4397 | 44.62
tearic
+100| +100| +148| +068 | +058| +0.60 | +0.37
Olei 4153 | 40.71 | 4448 | 4191 | 4261 42.46 | 43.40
eic
+100| £+0.86 | +059 | £057| £0.74| +043 | £0.37
_ _ 5.84 5.77 6.41 5.86 6.02 6.06 5.73
Linoleic
+015| £0.17 | +0.09| £0.03| £0.04| +0.04 | +£0.05
Total percent 93.73 | 9425 | 95.07 | 94.87 | 95.89 | 96.07 | 97.11
Stearic : oleic 1.03 1.08 0.89 1.04 1.02 1.04 1.03

Valuesare expressed as averag8E (except, the sum of the four major fatty acids and

the ratio between stearic and oleic acids)
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Table 3-14. Tukey& multiple comparisons of the seven West African shea butter
sanples on relative amount of palmitic acid.

TPC 01| TPC 02| GHAO1 | GHAOZ | WAFO1 | TPCO3

N/S: not significant (P>0.05); *: significant (0.01<P<0.05); **: very significant
(0.001<P<0.01); ***: extremely significant (P<0.001).

Table 3-15. Tukeyd multiple comparisons of the seven West African shea butter
sanples on relative amount of linoleic acid.

TPC 01| TPC 02| GHAO1 | GHAOZ | WAFO1 | TPCO3

N/S: not significant (P>0.05); *: significant (0.01<P<0.05); **: very significant
(0.001<P<0.01); ***: extremely significant (P<0.001).
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East African shea buttés reported to havieigher amourgof unsaturatedatty acids
compared to West fAcan variety. According to Di Vincenzeet al (20095 (Table 3-16),
theaverageleic acid inEastAfrican samples from Ugandeas57.8 %and that of
stearic acidvas28.9 % while West African samples from Burkina Faso, Mali, and
Nigeria contained theleic acid and stearic acid on averagjaround 43 % and 44 %,

respectively.

Ourresults conducted wittheseWest African samplesgerein agreementvith the
results reported bRi Vincenzoet al (2005), showing similar levels of the mdatty

acids.

Table 3-16. Fatty acid composition of shea butter from Burkina Faso, Mali, Nigeria,
and Uganda

Origin | Burkina Mali Nigeria Uganda
Fatty acid Faso
Fatty acid Palmitic 3.27 3.34 3.35 4.16
composition | Stearic 43.52 43.31 43.80 28.90
(%) Oleic 44.48 44.56 44.34 57.76
Linoleic 5.90 5.97 5.80 6.31
Sum 97.17 97.18 97.29 97.13

SourceDi Vincenzoet al (2005

3.1.32. Sterol and triterpene composition in unsaponifiable fraction
GC-MS analysis of the unsaponifiable fraction of seveest\African shea butter samples
showed a similar profile in the unsaponifiablesll the sampleshowing twomajor

peakg(Figure 3-5).
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sameprofile. The main peak (*) representsU-amyrin as the main unsaponifiable matteridentified by GC/MS.
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Theretentiontime andmass spectra of each peak in all samples were compared and the
shea butter samples were found to share 8 common constifliebks 3-17). The

relative amourgof sterols and triterpenes were found to be quite consistent among the
samples. Themass spédca of the major peaks were then compared to the mass spectra
in Wiley Library and only one peak was identified@amyrin,apentacyclic triterpene,
which dominatedhe unsaponifiable fraction the range 057.26- 64.37 % The mass
spectra fotamyrin which was acquired in this study is showfigure 3-6. There

was significant difference in thelative amounof U-amyrin  Among the samples,
especially the samples GHA 01 (64.37 %) and GHA 02 (63.53 %) contained significantly
higher amounts di*amyrin(P<0.05) compared to the sampTPC 01, WAF 01, TPC

03, and BEN 01 (57.268.53 %) Table 3-18) and also TP®2 (62.72 %) showed

significantly higher amounts datamyrinthan the sample TPC 01(57.26 @8)<0.05)

Thesecond dominant sterol was Pd&akanging from 26.92 to 30.39 % While the
sample TPC 01 showed the lowest relative amoubktashyrin the samfe showed
significantly high amount of Pea& (30.39 %) compared to the sample GHA 01

(26.92 %) and GHA 02 (27.50%) (P<0.05) which had the highest amouddsnoyrin

Significant difference ilPeakA andPeakD whichtook relatively small portion of
unsaponifiable fraction was also found in few pairs of samples at P< 0Tt sample
GHA 01 hal significantly low amount of Peak (0.70 %) compared to TPC 01 (1.44 %),

WAF 01 (1.44 %), and TPC 03 (1.54 %)Thesample GHA 01 (1.95 %) and GHA 02
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(1.89 %) sbwedsignificantly low amounts of Pedl compared to the samples TPC

01(3.17 %), TPC 03(3.10 %), and BEN 01(3.14 %).

Table 3-17. Triterpenes and sterols in unsaponifiable fraction of shea butter
determined by GG-MS analysis

Percentagé totalsterols and triterpengs
Component| RT.2 TPC TPC GHA GHA WAF TPC BEN
01 02 01 02 01 03 01
1.44 0.92 0.70 0.87 1.44 1.54 1.37
+009 |+£0.13 |+£0.10 |£0.22 | +0.12 |+0.11 | £0.08
30.39 28.15 26.92 27.50 2947 29.21 | 29.30
+0.25 |+£045 | +£0.00 |£0.80 | +0.04 |+0.25 | £0.80
0.83 0.69 0.61 0.57 0.83 0.96 0.98
+0.04 |+0.16 |+0.06 |+£0.09 |+0.05 |+0.02 |+£0.04
3.17 2.08 1.95 1.89 2.82 3.10 3.14
+0.09 |+002 |+0.14 | £+£0.13 | +0.39 |+0.33 | £0.02
57.26 62.72 64.37 63.53 | 58.27 58.02 | 58.53
+039 |+0.11 |+£056 |+£1.70 | +091 |+0.73 | £0.89
0.99 0.65 0.68 0.72 1.11 0.93 0.93
+0.11 |+£0.10 |{+£0.03 |£0.06 |+0.18 |+0.06 | £0.13
2.53 2.53 2.61 2.56 2.75 2.70 2.64
+0.03 |£0.02 |+£0.15 |£0.10 | +£0.04 |+£0.09 | £0.00
1.46 1.42 1.57 1.45 1.44 1.47 1.44
+0.04 |+£0.08 |+£0.20 |[+£0.05 |+0.01 |+0.03 |+£0.04
Sum 98.07 99.16 99.41 99.09 | 98.13 97.93 | 98.33

Peak-A 19.53

PeakB 19.78

PeakC 19.99

PeakD 20.10

Uamyrin | 20.41

PeakE 20.84

PeakF 21.55

PeakG 21.71

a) retention time in min
b) PeakA, B, C, D, E, F, and G were hientified.
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Table 3-18. Tukey& multiple comparisons of the seven West African shea butter
sanples on relative amount ofU-amyrin.

TPCO01| TPC 02| GHAO1 | GHAO2 | WAFO1 | TPCO3

N/S: not significant (P>0.05); *: significant (0.01<P<0.05); **: very significant
(0.001<P<0.01); ***: extremely significant (P<0.001).

Among the triierperes, U-amyrinwasfound to be the most dominant triterpene in shea
buttes unsaponifiable fraction in this studyBioactivities ofU-amyrin hare been

studied especiallywith U-amyrin extracted frorProtium kleinii,a plant used in Brazillian
folk medicine belonging to Baeraceae family. When administered}amyrin was

reported to show doselated antinociceptive effect against the visceral pain when mixed
with b-amyrinin vivotest on mice (Otuket al, 20053. The topical application di+

amyrin showed aninflammabry effecs, inhibiting skin inflammatory responses such as
edema formation, migration of polymorphonuclear leukocyte, and increase in tissue IL
1b | evedta 2008).t Another studpntheanti nf | ammat o+ y ef fect
a my r i namgrin ofPrdtium heptaphyllunand the result showed they retarded acute

inflammation in rat model of periodontitisi¢landaPintoet al, 2008.
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Beyond thecurrentuse of shea butter asingredient for pharmaceuticals and

nutraceuticals,ite findings implies the psible anticiceptive, analgesic, and

infl ammat ofaynyefimeé¢mn omeUshea butterds unsa
use in pharmacotpcal and personal care indusfor example agan activangredient

for pan releaserandtoothpaste

3.2. Effect of antioxidants on shea buttefs oxidative stability

Shea butter has been reported to contain natural antioxidants such as tocoplo€sls (
0.080% of shea butt¢r(Maranzet al, 2004 and,alongwith previous studies411 %)

(Itoh et al, 1974 Itoh etal, 1980; Hamiltorel al, 1986 Lipp et al, 1998 Alander, 2004)

this studyalso found relatively high amounts of unsaponifiafdastituentg2.21-

4.18 99. These minor components are known to provide better stability to oils and fats
against oxidationghahidiet al, 2010. However,as a plant fatontaininglarge

amounts of unsaturated fatty acids, shea butter can undergo oxagnaelatiorwhen
processed or stored improperidharramet al, 2006), resulting in inconsistent quality
as well as linted shelflife. Therefore, in this studyutylated hydroxytoluen@BHT),
rosmarinic acid, and gallic acid were used to identify their effects on shea buttet again

oxidation triggered by high temperature and air.

For identifying the effectiveness of the selected antioxidants on sheaxstsdaility
against oxidation, the primary oxidation products (peroxide value and conjugated dienes),
and the secondary oxatlon products (thiobarbituric acid reactive substances, TBARS)

were measured as oxidative parametefs.additionto these oxidation products, fatty


http://endic.naver.com/search.nhn?query=butylated+hydroxytoluene
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acid methyl seters (FAMES) were measured as an indirect way to identify the effect of
antioxidants in infbiting oxidative degradation within the fat (Kowalski, 2007 he

results are summarized Trable 3-19.



Table 3-19. Oxidative parameters of shea butter without antioxidant and with BHT, rosmarinic acid, and gallic acid

Parameter Storage period (h Contol BHT Rosmarinic acid Gallic acid
. 0 10.89+ 0.61 10.22+0.62 10.55+ 0.62 8.76+0.19
'(Drﬁlrzoqf'fge) value 72 25.22+0.71 17.34£0.20 14.10£0.23 5.04+0.34
144 354.30+ 3.19 18.46+ 0.48 15.99+ 0.84 4.37+0.20

0 2.72+0.14 2.61+0.43 2.72+0.21 3.16+0.03

Conjugated dienes | 72 4.52+0.04 3.01+0.46 3.06+0.23 2.95+0.02
144 13.08+0.02 3.50+ 0.56 3.12+0.50 2.98+0.09

0 0.05+0.00 0.04+0.00 0.06+0.01 0.05+0.00

(Te'f’nAc)lFfs 72 0.05% 0.00 0.04%0.01 0.05% 0.01 0.05 0.00
144 0.13+0.01 0.04+0.01 0.05+ 0.00 0.04+0.00

Palmitic acid 0 2.84+0.04 2.56+0.11 2.85+0.08 2.91+0.08
(9/100g sample) 72 2.71+0.21 3.05+0.11 2.97 2.55+0.08
144 2.72+0.05 2.83+0.07 2.77+0.14 2.42+0.01

Steart acid 0 34.76+ 0.59 30.80+ 1.07 33.87+0.75 35.33+ 1.55
(g/100g sample) 72 33.04+ 2.37 37.20+ 1.54 35.48 31.58+1.01
144 33.34+ 0.59 34.26+ 0.96 33.03+1.97 30.45+ 0.20

Oleic acid 0 34.33+£0.47 30.99+ 1.47 34.29+0.88 35.12+ 1.55
(9/100g sample) 72 32.34+ 2.39 37.44+1.34 35.53 31.27+1.00
144 26.98+ 0.45 34.35+ 0.93 33.50+ 2.01 29.92+0.14

Linoleic acid 0 4.79+0.05 4.47+0.22 4.96+0.13 4.97+0.22
(9/100g sample) 72 4.09+0.29 5.29+0.16 4.96 4.40+0.15
144 0.78+0.02 4.83+£0.15 4.75+0.26 4.13+0.02

Values are expressed as avera@GE
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3.2.1. Effect of antioxidant on the primary oxidation products

3.2.1.1. Peroxide value

In the accelerated oxidative studies, tkeopide valuswereshown to be increadeover
time in all samples including control and samples with antioxid&t3, rosmarinic

acid, and gallic acidrespectively Especially, thgeroxide value was increased to a
greaer extent in controbetween/2 and 144 durscompared to other samplegth
antioxidants Figure 3-7). In the control, peroxide value significantly increased
between (and 72 lours(P<0.01) from 10.89 to 25.22 mEq/kg and between 72 and 144
hoursfrom 25.22 to 354.30 mEqg/kg (P<0.001)Peroxide value was also significantly
increased between 0 and Tubsin the samples with BHT (from 10.22 to 17.34 mEqg/kg)
(P< 0.001) and rosmarinic acid (from 10.55 to 14.10 mEqg/kg) (P< 0.05) each, while no
significant increase was found between 72 and bi4din the same sampleslit was
interesting to see that the peroxide value was decrsaggeficantlybetween 0 and 72
hoursfrom 8.76 to 5.04 mEqg/kg (P<0.00h)the sample with gallic acid while peroxide
valuewas not significantly changdzktween 72 and 144 hoursFrom the result iwvas
found that BHT, rosmarinic acid, and gallic acidmarkably inhibited thexidation in

the shea butter samples during the oxidatiocelerating proceg3able 3-19 andFigure

3-7).

At 0 hour, there was no significant difference in the amount abxides in all samples
including control, while the pexide values of control at #bur(25.22 mEg/kg) and
144 hour (354.30 mEqg/kg) were significantly high, compared to the samples with BHT

(17.34 mEqg/kg at 72durand 18.46 kg at 144okr), rosmarinic aid (14.10 mEqg/kg at
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72 hourand 15.99 mEg/kg at 144hr), and gallic acid (5.04 mEqg/kg at 78urand 4.37
mEg/kg at 144 bur) (P<0.001). There was no significant difference in the peroxide
values between the sample with BHT and the sample with rosmaaid all the time,

while the sample with gallic acid showed significantly low peroxide values, compared to
the sample with BHT and the spla with rosmarinic acid at #2urand 144 bur
(P<0.0001)Table 319 andFigure 3-7). Fromtheseresuls, all the antioxidants used
were found to be effective in protecting shea butter foardationbut when compared

the effectiveness of the antioxidantgsinoticeable that the effectiveness of natural
antioxidant was the same (rosmarinic acid) or better (gadiit), compared to synthetic

one (BHT) Theseresuls arepromisingconsidering that the consumer prsfiemore

natural andrganic products which contain no synthetic matters.
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Figure 3-7. Change in peroxidevalue ower storage time at 9C°C in control and shea
butter samples with 0.02 % of BHT, rosmarinic acid, and gallic acid
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3.2.12. Conjugated dienes

In this study, conjugated dienes were almosiratlarlevel over time in the shea butter
samples with antiox@hts while there was huge increase in conjugated dieresirol
especially between 7éhd 144 burs(Figure 3-8). Conjugated dienes were
significantlyincreasedn controlbetween 0 and 72oirsfrom 2.72 to 4.52 and between
72 and 144 dursfrom 4.52to 13.08 (P<0.001). There was no significant increase in
conjugated dienes in the samples with BHT and rosmarinic i@sfdectively over all
storage period. In the sample with gallic acid, significant decrease in the conjugated
dienes were founbdetweerD and 72 bursfrom 3.16 to 2.95 (P<0.0Bnd nochangewas

found betwee2 and 144 burs(Table 3-19 andFigure 3-8).

As observed in thperoxide valueneasuremest it was alsofound that althe
antioxidantaused in this studwere significantly effetive in protecting shea butter from
oxidation There wereno significant differencgin the amount of conjugated dienes at 0
houramong all the samples including the contrdHowever, at 72 dur, conjugated
dienes were significantly in low level in tkamples with BHT (3.01), rosmarinic acid
(3.06), and gallic acid (2.95) compared to the control (4.52) (P<ar@gt 144 lour, the
difference was even more distinct with signifidgritigh amounts of conjugated dienes in
control (13.08) compared to tharsples with BHT (3.50), rosmarinic acid (3.12), and
gallic acid (2.98) (P<0.0001Yable 319 andFigure 3-8). From this resulprotective
effectof antioxidantsvasfound to bemore remarkablat 144 tour. The type of
antioxidants had no significant efft on the level of conjugated diersexl thus all the

antioxidantdeing equally effective
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Figure 3-8. Change in conjugated dienesver storage time at 90C in control
and shea butter samples with 0.02 % of BHT, rosmarinic acid, and gallic acid



105

3.2.2. Effect of antioxidant on the secondary oxidation products

3.2.2.1. Thiobarbituric acid reactive substances (TBARS)

In this study, TBARS &lues werequite low in both shea butter samgp¥ethout ard with
antioxidantgFigure 3-9). No significant differences in the amount of TBARSmn&
found in the samples with antioxidarfor all the treatmeniacluding antioxidants In
thecontrol,the TBARS values wresignificantly increased onlgfter 72 hour and thus

the values werancreasedrom 0.05emol/g at 72 burto 0.13smol/g at 144 bur
(P<0.001) but th@ BARS valueat 144 lourwas as not as high as peroxide value or
conjugated diene@able 319 andFigure 3-9). Resuls showthatthe rate of

production of primary oxidation products was mughler than that of the
decomposition of the primagxidation product and the antioxidants were still effective
in protecting shea buttagainstoxidative rancidity. The control at 144 dur showed
bleachedcolor possibly due to the degradatiorbedardenewith rancid odor while the
other shea butter samples with antioxidant kept almost the same color and aroma as the

original ones.

TBARS values in the controleve similarto those irthe treatment containing the
antioxidantsaalmost as same as the gdes with antioxidants atl@ourand 72 lour, while
at 144 lour, TBARS was significantly high in the control (0.4610l/g) compared to the
samples with BHT (0.04mol/g), rosmarinic acid (0.0&mol/g), and gallic acid (0.04
emol/g ) (P<0.0001)Table 3-19 andFigure 3-9), which showed BHT, rosmarinic acid,
and gallic acid was all effective in protecting shea buttetowever, the protective effect

of each antioxidant was not significantly different.
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3.2.3. Effect of antioxidant on the amount of major fatty acids

3.2.3.1. Palmitic and stearic acids

There was no significant decrease in palmitic and stearic acids in all the samples
including control excephe sample with gallic acid in which 16.8 % of palmitic acids
(P<0.01) and 13.8 % of stearic acids (P<0.05) were decreased from the initial value.
Palmitic and stearic acids were slightly increased betwesd 0’2 loursand decreask
between 72and 144hoursin the samples with BHT and rosmarinic acid respectively
(Figure 3-10). The results showetthatpalmitic and stearic acids aaturated fatty
acidswere quite stable during the oxidation process even without the presence of

antioxidants.
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Figure 3-10. Change in the amount of(a) palmitic acid and (b) stearic acidin shea
butter with and without antioxidant at 90 °C over the storage period



109

3.2.3.2.0leic and linoleic acids

Theadditionof antioxidants wasignificantly effective on the unsaturated fatty acids,

oleic and linoleic acids, in shea butter samples from accelerated oxidagane(3-11).

In the control, the amount of oleic acid was sigmifitly decreased with the increase in
storage period from O to 144ins (P<0.05). Between 0 and 72durs, and between 72

and 144 burs there was no significant decrease in oleic acids, but compared to the initial
value (34.33 g/100 g sample), the amaafibleic acid was significantly decreased by

21.4 % and thus the final amount of oleic acid was 26.98 g/100g sample (P<@@5).

the other hand, in the samples with BHT and rosmarinic acid, the amounts of oleic acid
were maintained at the similar levelgh the initial value during all period, which

indicated that the addition of these antioxidants wageificantlyinhibited the oxidative
degradation of oleic acids in shea butterowever, in the sample with gallic acid, the
amount of oleic acid wasgnificantly decreased with the increassdrageperiod,

although the extent to which oleic acid decreased was less than the control (P<0.05).
Compared to the initial level (35.12 g/100g sample), 14.8 % of oleic acid was decreased
and thus the final anumt at 144 h was 29.92 g/100 g sample in the shea butter sample
with gallic acid Table 3-19andFigure 3-11(a)). From these results, it was found that
the addition of three antioxidandéschsignificantly inhibited the oxidation of oleic acid.
However the results suggest that BHihd rosmarinic acidieremore effective in

protecting oleic acid than gallic acijdsven thouglthe differences were not significant.

As linoleic acid contains two double bonds (18:2) the accelerated oxidation in the control

was remarkably increased at 1aur. In control, there was significant decrease in the
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amount of linoleic acid especially between 72 (4.09 g/100g sample) anebd{th78
0/100g sample) (P<0.001) When compared to the initial amount of linoleic a@d’9
9/100g sample), the result showed the 83.7 % of linoleic acid was degraded by oxidation
in the control. Meanwhile there was no significant decrease in linoleic acid in the
samples with BHT and rosmarinic acid, which suggests the addition of B&HT an
rosmarinic acid were significantly effective in protecting linoleic acid against oxidation.
However, theadditionof gallic acid was less effective than BHT and rosmarinic acid and
thus linoleic acid was significaly decreased by 16.9 % from 0 h@dr97 g/100g sample)
to 144 tour (4.13 g/100g sample) (P<0.08)able 3-19 andFigure 3-11(b)). These

data shows the addition of BHT, rosmarinic acid, and gallic acid significantly inhibited
the oxidative degradation of linoleic acid especially when theuas of linoleic acid at

144 rourwere compared (P<0.0001)The effectiveness of the thraatioxidantsvas

not significantly different but BHT and rosmarinic acid were slightly more effective than

gallic acid.

Compared to the saturated fatty acid$nypiic (16:0) and stearic (18:0) acids, decrease in
the unsaturated fatty acids, oleic (18:1) and linolegcZ)lwas more significamuring
oxidation This result is consistent with the fact that degree of unsaturation is
proportionallyrelated to the xidation rate (Shahidst al, 2010). It was shown that the
ratio of oxidation rate of stearic, oleic, and linoleic acids is 1:100:1200 (deMan, 1999)
and the similar relation was also found in this studyor example, in control, the

degrees by which steic, oleic, and linoleic acidsecreaseduring 144 lour-oxidation

process were 4.08 %, 21.4 %, and 83.7 % respectivéiyaddition this studyfound



111

BHT and pnsmarinic acid were slightly more effective in protecting the fatty acid

composition.
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Figure 3-11. Change in the amount of(a) oleic acidand (b) linoleic acidin shea
butter with and without antioxidant at 90 °C over the storage period
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CHAPTER 4. CONCLUSION

This study showed variation in the quality charastes of shea butter samples from the
marketplace. Somesamples showed very high levelsdegradationwhile the

industrially extracted and processaimples (e.ghe samples fronithe Pure Company
showedow levels of degradatigralthough improvements are still needed to reduce the
level of free fatty acids to produce grade 1 proslucTheseresuls suggesthat proper
and controlled processing practices can produuglaquality butter with dereasd

degradation.

All the samples showed a consistent composition in the fatty acid profile thus showing
almost equal physical properties (density and refractive ingdxghsuggestthat the
West African trees frorwhich theseshea buttesamples amewere genetically

homogeneous.

Relativelyweakrelationship between moisture, free fatty acid, and peroxide value were
found which impliesall theparametes should be consideredllectivelyin quality
control of shea butter. This study has confirntethe use of the dropping poiss a
reliable methodvhich iseasy to conduct for the determination of melting point

importantphysicalparameter of shea butter

Shea butteshowedrelatively high amount of unsaponifiables compared to other plant
derivedoils and fats ath the major constituent was found tolbamyrinwhich was

reported to exhibiantrinflamatory properties This characteristic can be wuk®
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developnew productsusingshea butteor shea buttés unsaponifiable fraction, even
thoughmore research is needed on the bioactivity of sheterand its isolated

triterpenoidsand phytosterols

While it was observed that processing practices can affect oxidation pasohsteza

butter, the addition of natural and synthetic antioxidantsaelay the oxidation of shea

butter and thus extend its shelf lifeFuture research should be focusedhan

synergistic effect of the mixture of various natural antioxidants on shea thatteray

provide better ways to improve the shea bé@tqualiy and thus the extended shEifé.

The result showing the effect of rosmarinic acid and gallic acid also suggests the natural
plant extracts such as rosemary extract or white tea extract may be great to be added to or
mixed with shea butter in the degpment of shea butter products which may have better

bioactivities or better stability.
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