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Abstract 

Fats and o il s enh ance the foods we eat by prov iding textu re and mouth fee l, impa rtin g fl avo r, 

and contri but ing to the fee ling of sat iety after eatin g. Most edible o il s have limited appl icat ion 

in food products in the origina l form. I-Ience, modifi cation techniques are appli ed to extend 

an d increase the ir use in food fo rmu lations. Shorten ing is a fat product that incorporates 

tenderness in the food (e.g .. bakery products) in whi ch it is used. Pa lm stearin is th eo retica ll y 

a potential to be used as raw mater ia l for shortenin g manu facturing beca use of its 

tri acylg lycero ls compos ition . T he restr icti o n of so me reli g ions and be liefs and a lso lim ited 

supply of a nimal shortenin g, e fforts have been made to deve lo p the tech nology to substitute 

an imal fa t with vegetab le fat. T he a im of thi s study was to deve lop se misolid fats 

(sho rtenin g) li·om soybean oi l and palm stearin formu lations. It was prod uced by formu lat ing 

a blend , so lid ifying and plas ti ciz ing the bl end , and packing th e fina l shortening prod uct. 

Ph ys icochemica l property and stabi lity of th e processed shorten ing we re determined and 

homemade cook ies we re prepared for sensory acceptability test. Stab ility tests of th e 

processed shorten ing we re determin ed for 6-months every two mon ths interva l. T hree types of 

vegetab le shortening "ere tested: (i) shorteni ng with 60% pa lm stearin (S60), shortenin g with 

70% pa lm stearin (S70) and ( ii i) co mmercia l shorten ing (e). The resu lts obtai ned from thi s 

wo rk showed that th ~ ac id ity, perox ide va lue and fi·ee fatty ac id va lues were inc reased w ith 

storage tim e and stl ,rage temperatu re. The phys icochemical prope rties o f the samples we re 

within the r~qu irem ents o rthe food dom ain exce pt commerc ia l shortenin g at 6-month storage. 

The sa mples stored at 37 °C exh ibi ted the highest ac id. pe rox ide. and li·ee fat ty acid va lues 

throughout sto rage ti me. In conclus ion . shortenin g produced fro m 60% pa lm stea rin (S60) and 

sto red at room tempe rat ure has shown a good phys icochem ica l characteri st ic and wel l 

accepted lo r din"ren t .,ensory attributes. 
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1. Introduction 

1.1. Background 

Oil s and fats are the highest energy sources in comparison to ca rbohydrates and proteins. Oil s and 

l ~llS are used as, carriers for oi l sol uble vita mins, and many conta in fa tty ac ids essent ial for heal th 

that are not synthesized by the human body (O' Bri en, 2009). Vegetable oils are substances deri ved 

from oil plants; they are composed o f tri glycerides which contain primarily monounsaturated 

polyunsaturated and fa tty ac ids. Vegetab le oil s are the most important source o f fat in the human 

d iet. 

At present, soybean oil is the worl d's lead ing vegetab le oil in terms o f both production and 

consumption. Soybean oil rep rcscnts 53% of total o il seed product ion in the wor ld and is the 

second most-consumed with 2S% (karasulu el al., 20 II ). Soybean production begins onl y recent ly 

in Afr ica. during the second ha lfof20'" century is believed introduced to Ethiopia in the 1950 ·s. It 

is th e leadin g o il crop, next to pa lm with over 250 mill ion metric ton producti on in 20 13. It isrich 

sources of protei n 3S-46% and IS-20% oil (Mesfin & Abush, 20 IS). 

Soybean oil is also somewhat un ique among the ed ible vegetab le oils in its fa tty ac id com pos it ion 

(FAC). hav in g a re lati ve ly high content o f lino lenic acid. Soybean oil is very popular with the rich 

va lue o f Omega- 3 and Omega- 6 fa tt y ac ids. These fatty acids regulate lip id and cho lesterol 

metabo li sm and prevent the narrowing of art ery veins . Soybean oil accou nts for 75% of vegetab le 

o il used in commercia l and consumer cooking and is the primary ingred ient in mailY processed 

loods such as sa lad dress ings. sa nd\V ich spreads. marga rine. bread. mayonnaise. non -clairy coffee 

creamers and snack foods. incl uding dai ry product substitutes. Hardening or [,llS is produced by the 

addition or hydrogen to double bonds ill the chains of I' ll ty ac ids in triacylglyccro ls (H3111111. 2005). This 

process has a vital rol e in the fats and oils industry because it achieves two main goals. In the lirsl pla ce. it 

perlni ls the transformation of liquid oils into se mi sol id rats more indicated for spec itic appli cJ tions. as in 

the case oJ" margarine and shorteni ngs. Secondl y. it rC~lI lt s in material s wi th improved stabi lity (Pollock. 

?OO~: ISEO. 2006) 
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Hydrogenat ion , in tereste rificat ion , and crystal li zati on arc d istinct processes that ca n be app li ed to 

modify th e ph ys ica l or chemica l properties of fats and o il s to im prove their use fuln ess. By 

co mbinin g hyd rogenation an d interesterifi cation wi th a s imple b lendin g of nat ive and mod ifi ed 

oi ls, it is poss ibl e to modify th e cha rac teri sti cs o f fa ts and oil s for spec ifi c appli cat ions. 

Crystall iza tion is the process of tormin g so lid materi al from a li quid so lu ti o n or me lt, where the 

so lid materia l to nned has c rysta ll ine (as opposed to amorphous) stru ctu re. 

Ox idation stab ility is one of the most important qua lity pa ramete rs of edib le vegetab le o il s . It 

determines their use fu lness in technol og ica l processes as we ll as she lf life. C hemi ca l quality of th e 

o il s was al so determin ed by dete rminin g th e ac id va lu e (A V) , the perox ide va lue (PV), and the 

fatty ac ids composit ion (Maszewska el al. , 20 18). Ox idati on o f unsaturated fa tty ac ids is o ne of the 

major causes in the development of oft~ fl avor compou nds and the reduction of the nutritional 

va lu e of tood prod ucts (I-Iemalatha & G hafoo runi ssa, 2007). 

Fats and o il s add fl avo r, lubri ci ty, and texture to foods and co ntribute to th e fee ling of sati ety upon 

co nsumpt ion. Afkr extract ion an d refini ng, they can be processed in to products such as margarine. 

shortening. sa lad. and frying o il s. Processed fats and o il s are important fu nctional ingredients in 

foods. The prime objecti ve of mod i fi cati on is th e prod ucti on of some novel products ( Kri shn a & 

Dahya bhai. 20 I 0). Acco rd ing to Agricu lture Stat ist ics 2000 (USDA- NASS. 2000). marga rine, 

shorteni ng and sa lad /coo king oi ls acco unted for 12,31. and 4 1% of tota l dom est ic consumpti on o f 

oi ls and fats in the US in 1998. Soybean o il \Vas used to produce 95% of total margarine and 83% 

of total shortenin g. Shortening can be produced by lonn ulating a blend. su li difying and 

plastic izi ng the ble nd . and packing and temperin g (G un ston e, 2002). As per our knowledge. there 

are two vegetable shortening process ing com pan ies (AF J-I A lood process ing pla nt and Mojjo 

ed ibl e oi l fa cto ry) in Ethiop ia . es pec iall y soya shorten ing are not produced . 

Therelore. th c c urrent , tudy was int ended to produce soya. shorteni ng by the blending of so ybean 

oi l with palm stearin. Fina ll y, ph ys icochemical propert ies. product stabilit y and co nsul11er 

acceptabilit ). of so)l\ , horte nin g "'ere evaluated with a baked product. 
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1.2. Statement of the Problem 

Several studies reported that sa turated fatt y ac ids increase blood cho lestero l level s, whil e mono 

and pol yunsaturated fatty ac ids decrease blood cholesterol leve ls . Soybean o il is wide ly accepted 

as a healthy o il , low in saturated acids and ri ch in polyunsaturated acids, espec iall y lino le ic aci d. 

However, these oil s are a lso eas il y oxidized, leading to ranc idity and quality deterioration (C hen el 

ai. , 20 11; Waraho el aI., 20 11). Si nce vegetable o il s are liquid at room temperature, the ir use in 

foods particularly in bakeries is limited (Karabu lu t el ai. , 2003). The restr ict ion of some re li gions 

a nd beli e fs has been an issue towards the use of animal fat for shortening purposes. Due to the 

limited su ppl y of animal shortening, efforts have been made to develop the techno logy to 

substitute animal fat w ith vegetab le fat. Hydrogenated oils are also more stable than saturated 

products, such as butter. 

A lthough hydrogenation is the most common method for shortening product ion , it has a hi gh 

amount of trans fatty ac id in the tinal product which severa l studies linked to so me medical 

co mplications (Buana el al .. 2002) . Nowadays th e re is a co ncern regarding trans fats consumpti on, 

which a re formed durin g hydroge nati on, the industry needs to lind an alternat ive to hydrogenated 

fat s (M uh ammad el aI. , 201 2). Thus. it is adv isable to rep lace by another method like 

inte resterifi cat ion or crysta lli zat ion . Other studi es have shown that di etary Iran.\" fats can increase 

leve ls o f "bad" LDL (Low- Density Lipop rotein) chol esterol and dec rease leve ls of "good" HDL 

(High-Density Lipoprote in) cholesterol. It can also increase tr iglyceride and lipoprotein level s 

whi ch are ri sk factors for ca rdi ovasc ular di seases (Al ·IA. 2006). 

C urrentl y. the number o r bakery industri es and f'ood process in g compani es increas in g with tim c. 

but th e product ion and consumption or this vegetab le shortenin g has tound very limited eS[Jecia li y. 

soya-based shortenin g is not ava il ab le in Ethio pi a. Therefore, the main goa l of the present study 

lias to prod uce low or trans- f·rec soya ,11O rten ing. 
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1.3. Objectives 

1.3.1. General objective 

~ The general objective of the study was to deve lop soya bean oil shortening with a 

combinations of palm stea rin throu gh the crysta lli zation process; 

1.3.2. Specific objectives 

>- To determine the physicochemical properties of the processed shortenin g; 

>- To eva luate th e sensory acceptabi lity of products and to improve tex ture, ll avo r, mouth fee l 

and eating qualities of the baked product; 

>- To evaluate ox idative stability and shelf life of thi s shortening. 

J.4. Significance of the study 

The s ignificance of thi s study was prov iding information to the o il -produc ing industri es, 

co nsum ers. po li cymake rs, and researchers to find the most eco nomica l o il bl ends, with high 

nutrition as we ll as des irable ph ys icoc hemical properti es w ith the low or trans-free la t product 

s ince trans lats have adverse hea lth e ffects in term s 01' deve loping chronic and other non­

communicablc di seases. Bes ides, it a lso found a blend with ox idat ive ly stabl e palm stearin and 

with lo w me ltin g point by the add ition o f soybean oi l whic h is a high degree of unsaturat ion and 

avo iding the prese nce o f lrans -fatty ac id and increases shelf life and qua lity en han ce ment of th e 

product. It a lso provides brief information in term s 0 1· s h e ll~ lile stability and storage temperature 

on the phys ico-chemi ca l property and produ ct acceptability for the processed shortenin g. 

4 



2. Literature Review 

2.1. Worldwide soya bean oil production 

Soya bean oil is a vegetable oil that is extracted from soybeans, which is scientifically known 

as Glycine max. It is one of thc most widcly uscd vegetablc oils in the world, possibly because 

soybeans are some of the most widely cultivated and utilized plants, particularly in recent decades. 

Soybean is native to East Asia and is considered a legume, however, despite its limited origin; it is 

highly prized for its edibility. Reference 

Most soybean oil is refined, blcnded, and sometimes hydrogenated and it can be graded into 

different leve ls and strengths depending on the desired application. Soybean is the world's largest 

oilseed crop, with about 13 million tons of oi l produced per year (Patterson, 1989). Soybean oil has 

gained popularity in the manufacture of margarine, shortenings, soaps, insecticides, and 

disinfectants (Erickson et al., 1980). Soybean oil accounted for 80-90% of total edible oil 

consumption in the US (USDA-NASS) in 199R becausc of its availability &its many desirable 

charactcristics, including compositional &functional propclties. Soya bcan oil is the predominant 

vegetable oil produced in the world with palm oil being the second (Gnstone, 2002) 

Copro 
1% 

Pelm Kernel 

3"" ~ 
Sun/lowerse.ed , 

8% 

Pe4flut 

9"" Cottonseed 
10"0 

Fig.1. Worldwide oilseed production uf2009 (Karasulu e( a1., 2011) 
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2.2. Worldwide Soya bean oil consumption 

Soya bean production, about 24 million metric tons of oils are extracted and largely utilized for 

human food each year. With a fatty acid composition of 61 % polyunsaturated and only 15.5% 

saturated, soybean oil can be utilized in a broad atTay of products. The neutralized-bleached­

deodorized soybean oil is usually used as a salad oil, cooking oil, baking fats, confectionary fats , 

ingredient for margarine and mayonnaise, heavy-duty frying oil if blended with bigh stability oil 

like cottonseed or palm oil. The lightly, lightly too moderately, moderately, moderately too highly 

and highly-hydrogenated oil is used as a frying oil, ingredient for margarine, shortening, 

confectionery fat and stabi li zer appl ications (Karasulu e/ af., 20 11). 

Olive 
2% 

Coconut ( 
3"';, ~ 

Polm Kernel , 
4% 

Peonut 
4% 

Polm 
32% 

Cottonseed 
4% Sunflowerseed 

8% 

RlIpeseed 
15% 

Fig.2. World vegetable oil consumption of2009 (Karasulu er aI., 20 11 ). 
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2.3. Nutritional benefits and usage of soybean oil 

The di etary fat co nsumption fo r abou t 70% of the popUlat ion averages 62,5% of the reco mmended 

amount fo r good health. Soya bea n oil is one o f the most preferred oil s fo r a hea lth y life . The o il 

co ntent of soybean s is a rou nd 20% dry bases. Soybean is in hi gh dem and due to its h igh prote in 

and oi l content (E rickso n el al. , 19S0). Soy o il is characterized by re lative ly large am ounts of the 

po lyunsatu rated fatty ac ids (PUFA) , i.e ., - 55% lino le ic ac id and - S% a -lino lenic ac id , of tota l 

fatty ac ids (Mess ina, 1997) . Li no le ic ac id in soy o il is an esse nt ia l fatty ac id (E FA) be longing to 

the w-6 fam il y of PUFAs, which exerts important nutritio na l and physio logica l functions. Even the 

a- lino lenic ac id is a lso an EFA be long ing to the w-3 fatty acid fa mily and plays an impo rta nt ro le 

in the regulat ion of several metabolic pathways. Howeve r, due to th e presence of li poxygenases in 

soya bea n, li no leic ac id renders the soya bea n o il-prone to ran c idificat ion (Liu , 1997) . Essential 

fa tty ac ids are requ ired for the human body to produce prostaglandins. Prostag landins a re long­

cha in fatty ac id derivat ives synthes ized by most cel ls in the body and a ffect man y of the vital 

ph ys iological functions. 

Soybean co ntain ing 2.5 times the protein con tents of wheat and four times the prote in co nten ts o f 

ma ize. Thi s is espec iall y true for vegetab le soybea n. du e to its high prote in, di etary fiber. hea lth 

promotin g ph ytochemi cals and easy cooki ng; it is an attracti ve c rop for al lev iating protei n 

ma lnutrition . Beca use it al so co ntains cholestero l li'ee fat it is an exce ll ent vehicle for the 

abso rption of vita m in A (Mesfin & Abush 20 IS). In th e USA. th e Federal food and Drug 

Adm inistrat ion allows food s conta in ing 5g of soybean prote in pe r se rving to be labeled as recl uc ing 

hea rt d isease (A sh el al .. 2006) .Vitamin E (tocopherol) is important for th e human bod y to sustain 

ca rd iovascular hea lth. For o lder males. vitam in E scrves as an e ffective deterrent to prostate 

ca ncer. Soybean o il conta ins mo re Vitamin E than any ot her com mon ly co nsumed vegetab le oil. 

Tocophero l is a nalUra l a nt i-oxidant whi eh serves to retard soybean o il oxidative degradation 

(Ka rasuluel al .. 20 I I). The minor co mponents of crud e soy bean oil a rc phosp ho lipids. co ll ec ti vel y 

ca ll ed lecithin. as lVe ll as phytos tero ls. and tocop herol s . 
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Ph ytostero ls; -Soybean oil conta ins abou t 300 to 400 mg of plant ste ro ls per 100 g. The major 

compo nents of soy sterol s are ~-s itos te ro l (53 to 56%), campestero l (20 to 23%), and stigmastero l 

( 17 to 2 1%). 

Phosp ho li pids; -Soybean o il conta ins 1-3% phosp ho li pids (L iu, 1997, Sugano. ,2006), of 

whi ch- 35% phosp hat idy lchol ine, - 25% phosphat idy leth ano lam ine, - 15%phosphatidy linosito l, 

- 5-10% phosphatidic acid . The phosp ho lipids are removed from the oi l mainl y durin g the 

' degummin g' process and are used as a natural food emu lsifi er. They a re po lar lipids and 

contribute to the structure of the cel l membrane. 

The compos ition o f soybean oil in terms of fatty acids content is as fo ll ows: Lau ri c ac id 0.2%, 

myri stic ac id 0.1 %, palmit ic acid 9.8%, steari c acid 2.4%, a rachidic ac id 0.9%. o le ic acid 28 .9%, 

li noleic ac id 50.7%, li no leni c ac id 6.5%, and hexadecenoic acid 0.4%. Commodity soybean oils 

composed o f fi ve fatty ac ids: palmitic ac id ( 16:0), stearic ac id ( 18:0), o le ic acid (18: I), linole ic 

ac id ( 18:2), and linoleni c acid (18:3). The percen tage of these fi ve fatty acids in soybean oil 

averages 10%,4%, 18%, 55%, an d 13%, respective ly . 

. 0 

Linolle i c acid 

u- L inole n ic acid 

Fig. 3. Two EFAs present in soya bean oil. 
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Soya bean oil has different applicat ions and benefits. Among the most benetits the following are included . 

• :. Boosts immune system 

.:. Promote heal thy ski n and eyes 

.:. Helps to regulate cholestero l levels 

.:. Prevents atherosclerosis and heart di sease 

.:. Aids in improving symptoms of Alzheimer's di seases and 

.:. Protects skin cell membranes from damage and in fect ions. 

2.4. C hemical and physical properties of soy bean oil 

Soybean is the dominant oil seed produced in the wo rl d, because of its favo rab le ergonom ic 

characteri stics, its high-qua li ty protein, and its va luab le edible oil. [t contri butes 47% of all 

o i[ seeds produced world wide in 2008/09 (G unstone, 20 I I). Soybean oi I, palm o il , and low-eru cic 

ac id rapeseed oil are the mai n vegetable oil s used in industrial shortening (Danthine & Deroanne, 

2003). Soybean oil contains ( 12- 15) % saturated fatty acids which is mostl y pal miti c and 85%-

88% unsaturated fatty ac ids wh ich is most ly ole ic, lino leic, and linolen ic (Ribeiro el al .. 2009). 
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Table 1. Soybean oil compos ition and phys ica l propert ies. 

Characteri stics 

Spec ifi c grav ity, 25/25 DC 

Refracti ve index 25 DC 

Iodine va lue 

Saponi fi cat ion number 

Unsaponifiab le matter % 

Fatty ac id composit ion, % 

C-14:0 My ri sti c 

C-16:0 Palmitic 

C-16: I Palm ito leic 

C- 17:0 Marga ri c 

C- 18:0 Stearic 

C-18: I Ole ic 

C- 18:2 Lino leic 

C- 18:3 Linolenic 

C-20:0 Arachidic 

C-20: I Gadol eic 

C-22:0 Behenic 

C-22: I Erucic 

C-24 :0 

Tr iglyceride composition .% 

SSS Trisalurateci 

SUS Disalurated 

SUS Di salu rated 

SUU Monosatu raleci 

UUU Triunsal uratcd 

Sou rc e: O· flrien. (2009). 

Typical 

0.9 175 

1.4728 

131 

192 

0.6 

0. 1 

10.6 

0.1 

0. 1 

4 

23.3 

53 .7 

7.6 

0.3 

0.3 

0. 1 

5.6 

35 .7 

58.4 

10 

Ran ge 

0.91 7 to 0.92 1 

1.470 to 1.276 

123 to 139 

189 to 195 

0.6 to 1.6 

<0.2 

8.0 to 13.3 

<0.2 

2.4 to 5.4 

6.6 to 9.6 

5.2 to 9.3 

14.0 to 32.4 

55.1 1030.3 



2.5. Oxidative stability of soybean oil 

Polyunsaturated fatty ac id- ri ch oil s are more prone to oxidative changes, and hence promote 

ox idation in both food and nonfood prod ucts, although importan t from a hea lth po int of view. 

Soybean o il a polyunsaturated or lino leic type of oi l that is highl y susceptible to lipid ox idation. 

The rate of I ipid ox idation depends on primary on fatt y acid compos ition &onl y secondary on the 

stereospecific di stribution of the fatty acyl groups (G ustone, 2002). 

Soya bean oil is rich in protein but direct use of soybean oil has some limitations as it con tains 

linolenic ac id and it bccomes unstab le even under ambien t conditions. Typ ica l soybean oil lV ith 

about 7 to 8% linolenic acid (18:3) is known to be oxidati ve ly unstab le, espec iall y during frying 

(Man &Moh, 1998, Zhang & Lee, 1997). Linolen ic ac id is oxid ized twice as quickly as linoleic 

acid and produces short-chain aldehydes with flavor that are even stronger and less acceptab le than 

those produced from lino leic acid, due to thi s odor of oil change. To increase the stability of soya 

bean o il linolenic ac id content must reduce it can be done by chang ing fatty acid composition thi s 

is possible by blending with more stab le o il s compare to soybean oil. The ox idati ve stability of 

soybean oil is affected by it s composition. handling of beans before extract ion , process ing 

conditions, and additives. Important compos itional tactors in soybean oi l stability include its latty 

acid composition and the presence of free fatty acids, phospholipids, natural antioxidants, and 

pigments (Su, 2003). 

2.6. Palm Stearin 

Refined . Bleached and Deodori zed Palm Stea ri n i, a very usefu l source of fully natural hard lat 

compon ent for products such as shortening and pa,try and bakery marga rine. Pa lm stea ri n. the 

cheaper hi gh-melting fract ion from pa lm oil , can be used as a sou rce of a tldl y natu ral hard 

component in thc manufacture of solid la t product> suc h as shortenings. margarine and fat spreads. 

I 10\\ ever. because of its high melting po int (44 "C -56 °C). palm stearin poses problems in the 

manutacture of the so li d l'ell product s as it conle r, 10\\ plasti cit ), to the products and docs not 

completel y melt at body temperature (Pal1l.zari s <'( Mohammed. 2000). Palm stearin. rhe more 

saturated frac ti on o f palm oil. is more viab le in cOlllpus it iun and thus physical ch:mlctcristics 
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The w ide ra nge in so lid fa t content is cons iste nt lVith the w ide range In iodin e va lu e for thi s 

fracti o n (G un ston e , 20 I I) . 

Tabl e 2. l'ractionated palm oil characterstics. 

Characterstics 

De nsity at 50/25 °c 
Densi ty at 60/25 °c 
Iod ine va lue 

Saponifi cation va lue 

C loud point , °c 
Unsaponifl abl e matter, % 

Fatty acid compositi on % 

C-14:0 Myristi c 

C-16:0 Palmi tic 

C-18:0 Stea ric 

C- 18: I Ole ic 

C-18: 2 Linol eic 

Triglyceride composition. 0/0 

SSS TrisalUratecl 

SUS Di saturated 

SUU Monosalurated 

U U U Triu nsat uralecl 

Whole 

0.892- 0.893 

5 1- 55 

190-202 

1-1.5 

42-47 

4-5 

37-41 

9-1 1 

0 .8 -9.0 

38.5-50.3 

3 1.8-44.4 

4.8-9.8 

Palm oil fraction 

O le in 

0.909 -0.903 

5 1- 61 

194-202 

6- 12 

1- 1.5 

38-42 

4-5 

40-44 

10- 13 

0. 1-0.3 

37.6-46.1 

4 1.3-49.1 

6. ~-8.~ 

NO les: S= s3lura tcd. U= ull saturatcli: (C)" 13ricn. 2009 ). 
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Stearin 

0.882 - 89 1 

22-49 

193-206 

0. 1- 1 

1-2 

47-74 

4-6 

16-37 

3- 10 

Y) 0 

439 

25.6 

3. C) 



2.7. Properties of fats and oils 

The phys icochemica l properti es of oil s are directl y re lated to the pro fi le triacylglyce rol and fatty 

ac ids as we ll as the di stribution of fatty acid in glycerol mo iety. A change in any of these leads to 

the alterati on in the phys ica l and chemica l properti es of the mother oil (Kri shna & Dahyabhai, 

20 I O).So that those are an important factor that determines the overa ll quality and stability of a 

food system. Density, saponifi cat ion va lue, iod ine va lue, acid va lue, perox ide va lue, is some of the 

important characterist ics o f vegetable oi I. 

Saponification value:Saponifi cati on va lue is the amount of alkali necessary to saponify a defini te 

quantity of the sample (o il ). It is expressed as the number of milligrams of potass ium hydrox ide 

(KOH) required for saponifyi ng I g of the samp le. It is based on the oil sample saponifi cat ion by 

re fi uxi ng wi th a known excess of a lcoholic potass ium hydrox ide so lution. The sma ll er th e 

saponiti cation number, the larger the average molecular we ight of the tri acylglycero l present in the 

o il (Ak inola el aI. , 20 10). 

Acid value: The ac id va lue is the num ber of" mil ligra ms of the potass ium hydrox ide necessary to 

neut ralize the free acid in I g sample. The ac id value is oft en a good measure o f the breakdown of 

the triacy lglyee rol into free la tty ac ids. which hu rt s the quality of many fa ts (A kinola el 01 .• 20 10). 

Iodine valuc:The iod ine va lue o f an o il or fat is deli ned as the we ight o f iodine abso rbed by 100 g 

of the oil or fat. The glycerides of the unsalUrated t' ll ty acids (particularl y of the o leic acid series) 

unite with a delini te amount of halogen and the iodi ne va lue is, therefore, a measure o f' thc degrce 

o l· un smurati on. It is consistent fo r part ic ul ar oil or tilt. however. the exac t fi gure obtai ned depe nds 

on the particu lar tec hnique empl oyed. The greater the degree 01' unsaturat ion (i.e. the higher the 

iodinc va lue). the greater the li ke lihood thm the oil (, I' ta t ",ill become rancid by ox idati on (Akino la 

el 01 .. 20 I 0). 

Peroxide vallle:- Peroxi de va lue (PV) measures 1h: mill ieq ui va lents o f oxygen (hydroperoxides) 

per 1000 grams of oil . The peroxide va luc is a Illc"su re of' the concentra ti on of substances that 

oxidi7c potas, ium iodide to iodine. 



Fatty acid composition IF AC):-The fally acid composition result prov ides a large quanti ty o f 

in formation with one analys is, such as identification of indi vidua l fatty ac ids and quant it ies, 

saturate/unsaturated leve ls (ca lcul ated iod ine va lue), identi fi cation or the unsaturated fatty ac id 

isomers (cis, Irans, conjugated, positiona l), provide data to determine the source oil proport ions 

and process ing of a blended product, and it applies equall y we ll to re fin ed and unrefined oils 

(O'Brien, 2009). The gas-liqu id chromatograph y fatty ac id composition anal ys is provides a rapid 

and accurate means of determining the fatty acid distri bution o f fats and oil s products. 

Triacvlglycerols (TAG): - The characteri sti cs of triacylglycerols depend on the position that each fatty 

acid occupies on the glycero l molecul es (O' [3rien, 2009). In general , fats and oil s are composed of mixed 

acylglycerols rather than mixtures of simple acyl glycerols. Mixed triacylglycerol has two or three different 

fa tty ac ids joined to glycerol. 

Solid fat con tent (SFC): -So li d fat content is the !lumber o f fat crystals in a fat or fat blend. It has 

a great influence on the suitability of the fat or fat blend for a partic ul ar application. The solid fat 

content is responsible for man y prod uct characteristics in marga rine, shortenings and fat spreads, 

includ ing their general appearancc, case of packing, spreadabi lity. oil ex udation and organoleptic 

properti es (Dian el al.. 2007). The solid fat content profi le refl ects the fracti on of the fat phase that 

is so li dified at a particu lar temperat ure and strongly innuences the sensory attr ibutes and the 

phys ical stab ility of the fa lly food. 

Slip Melting Point (SM!'): - The so tiening point (open tu be me lti ng poi nt ) or slip melting point is ollen 

lIsed to characteri ze oil s and fats and is related to their physical properti es. such as hardness and 

so lidificati on or melting behav ior (Goh & Ker, 1991 ). The melting points oftriacylglyce rols are related to 

the fatty ac id present. For a fatty ac iel. it's melting point depends on the chain length and number and 

position of double bond" It increases with increasing chain length and decreases with increas ing c is 

Ullsatural ioll . As fats and 0;15 are complex mixtures of compounds. they ha ve' no defini te melting point and 

pass through graduall y surtcning belore becoming liquid ( Pomeranz &Meloan. 2003). 

U nsa pon i fia ble ma tt l'l" : - Unsapon i fia ble matter is de li ned as th e su hstances so lu ble 111 the oi I. 

which afte r sapon i ~ L"io n are insol uble in "ater but , oluble in the solvent used lor the 

det errn i nat ion. 
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It includes lipids of natural origin such as sterols, hi gher aliphati c alcohols, pigments, vitami ns, 

and hydrocarbons as we ll as any foreign organic matter non-vo latile at 100°C e.g. minera l oil 

(AOAC 17th ed , 2000). 

Ta ble 3. Physica l and chemica l characteristics of edibl e fats and oi ls. 

No. 

2 

, 
J 

Characteristics 

Fat content, % by mass, min . 

Ac id value, mg KOH/g, maxes. 

Requirement 

99.5 

Non-v irgin 0.6 

Virgin 4 

Peroxide va lue, meq. Peroxide Non-v irgi n 10 

oxygen/kg, max. 
Virg in 15 

Source: (Ed ible fats and oils Specification: 20 16) 

2.8. Oils and fat processing 

Shorten ing 

Salad I 
Frying oi l 

Margarine 

Preparation 

Cleaning I 
Drying 

I Cracking I 

I Dehulling 

I Flaking I 

.. ~ ...... ~~" 
•• ..... ·MOcl i fi Cati~;;I··· .... 

! Ir-H-Y-d-r-o-g-e-n-a-ti-o-n'l 

~ I Interesterification 

"." I Frac tionation . .. ' 
. ~ .. 

Extraction 

Mechanical 
Extraction 

Solvent 
E xtraction 

" 
'. 

Edible 
Oil 

Fig..t. Fal ;lIld oil processing (De Kock &\~' ill1 U~~rc:. ~I )[ -J). 

J.5 

Test method 

ISO 17189 

ISO 660 

ISO 3960 

C ru de OH - l .. 
Refining 

I Degumming I 

I Neutralising I 

I Bleachin g I 
I Winterisini] 

I Deodorising I 



2.9. Quality of oils and fa ts 

Vegetable oil s are important in human nutrition as they prov ide energy, essential fatty ac ids and 

fac ilitate the absorpti on of fat-sol uble vitamins (G race el 01., 2008). Oil quali ty and its stab il ity are 

therefore very important for the consumer's des irable use usuall y as cooking ingredients 

(Jambunathan, & Redd y, 1991 ). The quality of any oil is indicated by some phys icochemica l 

properti es which indicate both the nutriti ve and phys ica l quali ty of the oil. These properties include 

iodine value, perox ide va lue, saponification va lue, free fatty acid , co lor. appearance, etc. 

- - - ' . 

( ~I L QUAlI~~ 
"'... --.. / 

l OlL CONCERNS I 
Organoleptic properties/oxidative stability 

I HEALTH CONCERNS I 

Nutrit ional qualities 

BJlanced FP, composition 

Hi~lh vitamin content (tocos 

Low or zero trans FA 

No contaminants 

r'lo rat de~l'adat i')1l products 

I ENVIRO NMENTAL ISSUES I 

PJo t:'ff!ul?l"1t; no \,\r,}ste 

•. ),) .:'·,ernic,}.s; nc. solvent 

L:),', I isk 

Fig.5. Oil &Fat qual l! \ crite ria (.J an De Kock & Wim Degre). 2014). 
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2. 10. Oils modifications 

Most ed ible o il s have li mited app licat io n as fun ct iona l ingredi ents in lood products in the or igina l 

form. Mod ifi cat ion techniques are applied to extend and in crease thei r use in food formulat ions. 

Th is is ach ieved by phys ica l or chemical modifications of the triacy lglycero l com position. 

Hi storicall y, thi s was mostl y done by part ial and se lect ive hydrogenati on. Nowa day, 

hyd rogenatio n prod ucts are mo re and more rep laced by low or non-trans products (De Kock & 

Wim Oegrey, 20 14) 

2.11. Vegetable oil modification techniques 

Severa l chem ica l processes are employed lor the modificat ion of nat ive vegetab le oil s to improve 

the ir fun ct ional pertonnances, such as p lastic ity, tracti lity and shortening property, to meet the 

speci li cat ions fo r certa in food appl ications. Hydrogenation and in teresteri fication are the 

commo nl y used method s ava il abl e to tailor the phys icochemical propert ies of food oil s, but the 

hydrogenati on method ca n ge nerate la rger amou nts o f l rans fatty acids (FA s) . 

l I-
I FI 'l'llon:ltl(.n 

1 ________ --' 

Fig.6. Virtual tran s-free modificatiun tcc hniq ucs (1Imnm. et al. 20 13). 
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2.11 J. Hydrogenation 

Hydrogenation is a chemica l process where hydrogen reacts to an organic compound. The 

hydrogenation process removes those kinks and makes th e fatty acids strai ght , e ither by making 

them ful ly saturated or a ltering them to trans fatty ac ids. It in volves the add iti on of hydrogen atoms 

ac ross the unsaturated double bonds of the particular triacy lglycerol s. The fundam enta l importance 

enab les the production of solid and sem i-so lid fats (Wasse ll & Young, 2007). The most common 

o il s that undergo hydroge nation process ing are soy (about 60% of hyd rogenated oi ls), sunflower, 

sa fflowe r, peanut. pa lm, cottonseed, and corn. It may unde rgo full hydrogenation or partial 

hydrogenat ion process . 

Full hydrogenation (full saturation): -The fu ll hydrogenation process saturates all carbon atoms 

w ith the max imum poss ible number of hydrogen atoms, making the oi l fu ll y satu rated (no more 

hyd rogen atoms ca n be attached and al so no trans tatty acids exist. The process of full saturation 

transforms un sa turated into full y saturated fatty acids. Fully hydrogenated o il s are hard and not 

very practical in so me laod preparation methods, they are usua ll y mi xed wit h unsaturated o il s. 

Most of these oi ls a re geneticall y modified (e.g. soybean o il s) or maybe even parti a ll y 

hyd rogenated. A full y saturated product wou ld not sound good. That is why the process of 

hydrogenation usuall y doesn't go all the way thro ugh. It retain s a large portion of unsaturated lat s 

to prese rve th e supposedly "healthy" properties. 

Partial hydrogenation (partia l sa turation): -Partial hyd rogenation is an in co mplete proccss. 

the hydrogenation process stopped beta re comp leti ng a fu ll safura tion of ca rbon s w ith hydrogen 

at oms. Some o f these double bonds are of "c is" conliguration (normal co nfi gurat ion 

characteristic l'or unsaturated fatty ac ids) and so me ha ve been damaged in the process fonning a 

··trans·· conli guration . \\ here one of the hydrogens at the ca rbon doubl e bo nd has been removcd 

and anothcr pl aced on th e opposite side 01' the chain. The purpose of partial hydrogcnat ion of 

oil s is to make the ir prope rties opti mal I'a r food preparation. Thc biggest problem wit h partiall y 

hyd rogenated o ils is th e damage to th c I~ll mo lec ul es that occurs during thc process. The 

damagedmoleclIics are ca lled Trans-Fats or Trans Fatt y Ac icb. 

18 



Trans fat increases the "bad" low-density li poprotein cholestero l, or LDL, and decreases the 

"good" high-dens ity li poprotein cholesterol, or HD L. High HDL leve ls tend to have 

cardioprotective effects, whereas high LDL leve ls are an increased risk facto r for heart disease. 

Trans fat seems to be as detr imental to heart hea lth as saturated fat, which may be because trans f~ll 

is difficu lt to digest so yo ur body processes it as saturated fat. Oils used during the parti al 

hyd rogenat ion process con tain po lyunsaturated fats omega 6, which cause inflammation if 

consumed in hi gh omega-6 to omega-3 proportions. Our di ets today already provide us with a hi gh 

rati o of omega-6 to omega-3 and pa rti all y hydrogenated oils onl y increase that ratio. 

Intake Recommendations: -"Trans fat" wil l appear on the Nutrit ion Facts panel under sa turated 

fat if the product contains any, and the ingred ient list will include "partially hyd rogenated" oil. 

The American Heart Assoc iat ion recommends consuming no more than 2 grams of trans fat per 

day for a 2,000-ca lorie diet , or less than I percent of your dail y ca lorie in take. Full y 

hydrogenated fats do not contain trans I'a t and are less ri sky for you r health. 

2.11.2.lnteresterification 

Another process used by oi l processors is interesteritication which causes a redistribution of the 

fatty acids on the glyce rol fragmcnt of th e mo lecul e. This rearrangement process does not change 

the composition of the fatt y acids Ii'om the startin g materia ls. The fatty ac id interchanges resulting 

from interesteritication lead to changes in the phys ical characteristics of oils and rats because in 

nature fatty ac id is not randoml y di stributed between the tri ney lglycerols present. It is con veniently 

achieved by on alkali l11 eth o.\idc- ca tal yzed reaction with a mild temperature (20-100 °c) 

(Gllll stonc, 2002). In its most com monl y used form , interesterilication prod uces a trul y random 

distri bution 01' fatty acid that leads to the oils and lats. such as melting and crystallization behavior. 
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The rea rrangement process does no t change the degree of un saturat ion or the isomeric state of the 

fa lly ac id as they shift from one pos iti on to anothe r (No r Aini el al., 2002). Intereste riticat io n (I E) 

has received much inte rest in the edib le o il ind ustry as an a lternati ve meth od to im prove the 

ph ys ica l properti es of fa ts and o ils .Unli ke hyd rogenation, interesteri ficatio n ne ither a ffects the 

degree of satu ration nor cause iso merizati on of the fatty-acid doub le bond. T he stab ili ty of oi ls and 

fats a lso remai ns essenti a ll y unchanged (Rousseau el a/. , 1996). It may be accompli shed by 

chemical or enzymati c processes (Denke, 2006) . Chemi cal inte reste ri ficati on is one of the maj or 

react ions used fo r the mod ificatio n o f natural fa ts and o il s . Chem ical interesterificatio n is preferred 

over enzymatic inte reste rifi cat io n because o f the lower in vestm ent and prod ucti on costs of the 

ti ni shed products (Nor Aini el al. , 2002). 

It is used industr ial ly to prod uce mod ified ed ible fat s and o il s fo r shortenings, confect ionery fa ts, 

ma rgarine and spreads, red uced-calor ie fat s and oil s and infant formu la. Industri a ll y, the C IE 

process is usua ll y condu cted by homogeneolls base cata lysts to produ ce d istributed FA res idues 

amon g TAG mo lecules, in whi ch sodium alkoxide and sodium hyd roxide are the most preferred 

choice of catal ysts fo r the C IE processes (Gibo n & Ke ll ens, 20 14, Rodriguez el ai, 2009). T he 

second process is the enzymatic interesterifi cat ion. Th is process rea rran ges the fall y ac ids (can be 

pos it ion-spec ifi c) on the g lycerol backbone of the trig lycerid e th rough the use of an enzyme. 

Enzy matic intereste rification (E IE) can prov ide seve ral benefits such as mild reaction conditions, 

low s ide reactions and ease of product recove ry (Jeyarani & Reddy, 20 I 0) . Hi ghe r temperatu res 

w ill result in the inact ivatio n orthe enzyme. Afkr inte reste rifi cat io n, th e o il is deodo ri zed to make 

fi nished o il produc ts (Tarrago-Tran i el al .. 2006). 

2.11.3. Blendin g of palm oil and palm products w ith other oils 

Ble nd ing is one 01 ' the methods used to modify oi ls and fat s fo r spee ilic app lica tions. Blend in g 

he lps ex tend th e range of app lica ti ons of o il s and fats. Blendin g o f vegetabl e oils and fat s has 

emerged as an econom ica l way of" mod i fy i ng the phys icoc hem ica l characteri sti cs a I' vege tabl e ai Is 

and l':lts besides cnhanccment in oxidati ve stabilit) (C hu & Kun g, 1997). Direct blending of fat s is 

the met hod 0 1' eho icc :IS it has becn co ns idered to be a cheap and nond estruct ive tec hniquc (Na r 

Hayati el ul .. 200'1) . 

20 



Blending of po lyunsaturated oi ls with hi ghl y saturated oi ls reduces the content of linole ic and 

li no lenic ac ids to the desirable leve l whe re the e ffec t is sim il ar to part ial hydrogenat ion without 

wo rrying abo ut the fo rmat ion of trans fatty ac id isomers (Hoffmann el ai. , 2002; Naghshineh & 

Mirhosse ini ,20 10; Tiwa ri el aI., 2014). The fatt y acid compos ition of the single oil or the blend 

rema ins unchanged and does not interact with triacy lg lycerol s as they are of similar chemical 

compos ition (Benju mea el al., 2008 ; Chri stie & Han, 20 I 0). Pal m oil and pa lm products have a 

good opportunity to be processed fo r a hea lthy shortening. The blending of palm stea rin and 

soybean oil at different rat ios could able to modify the properties of natural fat s. Blend ing can 

change the natural physica l and chemical characteri stics of a fat or oil; thus, it offers greater 

funct ionality for a large number of product fo rmulations. Pa lm stearin obtained fi'Dln palm oi l by 

ti'actionation has limited use due to its hi gh melt ing po int. 

One of the potent ia l oils that can be blended with pa lm stearin is soybean oil (Had i, 2013). The 

high melting palm stea rin fraction wi th a melting po in t of abo ut 58 °C cannot be used as such in 

fat-based edible products due to its hi gh melting poi nt (G hosh &Bhattacharyya, 1997). The 

triacylg lycerol composit ion of palm oil makes the physica l form of palm o il to be semi-solid so 

that no hydrogenation is needed when it is used for shortening. Fu rthermore add ition, palm oil 

contains minor components such as tocopherol and tocotrieno l (Vitamin E) as wel l as B- caro tene 

wh ich are needed by the human body (Ismail el 01. , 2002). 

Palm oil is high in palm itic ac id (C I6:0) and forms small B'crystal s which are essentia l for smooth 

texture and funct ional ity. Thus , it is an advantage to blend oth er oils and fat s wit h the pa lm oil to 

get the desirab le properti es or the B'containi ng pa lm oi l. The till crystals in shortenings and 

margarine can ex ist in two po lymorphic torms, B' and [3. The B'erysta ls are more desirable than p 
crysta ls (Nor Ain i el aI. , 2002). The ox idati ve stability of pa lm oil in a blend is principally due to 

its high sa turat ion and heavy presence or natu ral antioxidants, espec iall y y-tocotrieno l (Bansa l el 

al.. & Nco. 20 10 ; De Leonardis & Macciola. 20 12; De Marco el at .. 2007). PO conta ins onl y 

traces or the un sta ble linolenic acid (C 18:3) but contains a moderate amount or the more stab le 

linoleic ac id (C 18:2) ( 10%- 12%). The presence or vit amin E (3g0-890 pprn) act s as an cfl'cct ive 

natural antioxidant (Gapor. 1994) . 
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Vanaspat i or vegetable ghee is a major commod ity in countries such as India. Paki stan. Egy pt, 

Saudi Arabia, Iraq , and Iran. Palm oi l has sim ilar physica l characterist ics to Vanaspati in terms of 

melting point, melting profile and consistency at ambient temperature.Trans-free Vanaspati can be 

produced eas ily by a direct blending or POs with other liquid oils (Idris el al. 1997). Vanaspat i 

based on 60% pa lm stearin (POs) and 40% other liquid oils such as soya bean (S80) , rapeseed oi l 

and S FO were of good character ist ics and superior to products contain ing 80% or 40% POs. To 

max imize the use of POs in the fo rmu lati on, the process of interesterifi cation could be employed. 

Much POs (80%) could be incorporated and showed good propert ies . 
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Table 4. Formu lation and observat ion or Vanaspat i based on direct blending of palm stea ri n (POs) 

With soybean (S BO), rapeseed (RSO) and sunllower (SFO) oils. 

Sample composition Appearance Consistency Oil separation 

POs: SBO 

40:60 Oily, granu lar Too soft Yes 

60:40 Granular Soft No 

80:20 Dry, gran ular Sl ightly firm No 

POs: RSO 

40:60 Oil y. granu la r Too soft Yes 

60:40 Granu lar Soft No 

80:20 Granular Sli ghtl y soft No 

POs: SFO 

40:60 Oil y, granul ar Too soft Yes 

60:40 Granu lar Soft 0 

80:20 Oily, granul ar Slight ly so li No 

Source: (Nor Aini el 01 .. JIJ02) 
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2.11.4. Fractionation 

Fractionation is the economica l and second important way of fa t modification technique. Solid fats 

con tain either alread y precipitated or still di sso lved so li d triacylglycerol s, which under controlled 

conditions of cooling can be induced to fu ll or partial crystalli zati on. The physicochemical 

characteristic of edible oi ls and fats are closely linked to their tri acylglycerol composit ion. 

Ed ible fats and oi ls are fractionated to provide new materials more useful than natural products 

(Hadi ,20 13). Separation of fat or oil into fracti ons can a lso provide two or more useful functional 

products from the same original prod uct (O'Brien, 2009). Fractionation (solvent or dry) leads to the 

separation of fats and o il s into two or more fract ions with different melting poi nts. Also, it could 

be used to remove an undesirable minor component such as waxes in oil s duri ng dewaxing and 

winterizat ion processes to producc salad oil. Fractional crystal li zat ion is a revers ible modification 

process , ca rri ed out in 2 stages; crysta lli zation and followed by separation (Ke ll ens el al. , 2007) , 

done through dry-fractionation. Dry fract ionat ion has ga ined popularity because of its cheaper 

process and greener tech nology. Also. there is no harm fu l efnuent , no chemical used and no loss in 

yield. The dry fracti onation process is s im pl y a controlled crystalli zat ion of the melted oil , 

fo ll owed by separation of solid ti'om liquid fract ion. Three steps are in vo lved in the crystal I ization 

process; supercooling of the melt, nuc leat ion and crystal growth (Zaliha el 01.. lOO.J). The 

entrapment orthe liquid fat is due to occl usion with in crystalli zed particles or aggregates as IYe ll as 

retention between part icles (Hamm. 1995). The for mati ons of mixed crystals in the form of 

agglomerated spheruli tes. which adsorb liqu id wit hin crysta ls. and depend to a considerable extent 

to the crysta ll ization cond itions em pl oyed (Patience el 01. , 1999) . 

Today. the most im portant oi l in terms of fractionation is pa lm because it has a unique fat protile 

th at can bc broken down into indi vidual ti'actions and sub-fractions thereo !' (Wassell & Young. 

2007). Dry fractiona tion of palm oil is e ffic ient in produc ing fractions enri ched in saturatcd fatt y 

ac ids and could be used to produce different fat products (structured f111 S. sprcads) . or as an 

in termedi ate step in th e production 0 1' high-meltin g-poin t stea rin approp ri ate re ,r conl-cct ionery L1t 

lo rm ul nti on (Bootell o el al. . 2011). Fats tend to crysta lli ze in var ioll s forms hav ing difle relll 

meh ing poi nls. 
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Each of these crystalline I'orms with their respect ive melting po ints is ca ll ed po lymorphs and the 

phenomenon is ca lled polymorphism. The tr igl ycerides exhibit, with some except ions, th ree basic 

crystall ine forms designated alpha (a) , beta prime (p '), and beta (P). Apa rt from a few types of 

shorten ing the p ' crystal s are the most desirable. They are relat ive ly sma ll and can incorporate a 

larger amount of liquid oil in th e crystal network. P 'crysta ls result in a glossy surface and a 

smooth texture. 

It is possible to crystalli ze all types of fats in the p ' fo rm if the fats are shock chi ll ed with 

subsequent intensive kneading without cooling. The general rule is that fats wi th a low conten t of 

pa lmitic ac id (approx . 10%) will crysta ll ize in the P fo rm if they are not exposed to shock chilling. 

Fats that tend to crysta ll ize in p' usuall y have a double amount of pa lmit ic ac id , howeve r. the 

pos ition of the pa lm itic ac id on the glycerol molecule does additionall y affect the crysta lli zat ion 

hab it. Suntlower oil (SFO) and soybean oi l (SBO) have a good nu tritional profile, with poor 

ox idat ive stab ility and are, acco rdingly. prone to tlavor deteri orat ion because of the ir hi gh 

proport ion of unsaturated fatty ac ids, especially. li no leni c ac id in SBO (White, 2000). 

2.12. Vegetable shol·tening 

Vegetable shortening was developed 111 the earl y 1900s as a more economical and nutritiona l 

alternati ve to animal fat. It al so provided a vege tab le-based fat that vegetar ians and people wi th 

religious di etary restri ctions cou ld use in cooking and baki ng. Iti s a semisolid fat that is mostly 

so lid at room temperature . It is named for the "short" or crumb ly texture th at it produces in 

cookin g and baki ng app licat ions. parti cularly in shortbrcad. piec rusts, and pu ff pastry. Vege table 

shortening inh ib its the fo rmation o f long. to ugh strands of glu ten in the do ugh and contributcs a 

li ght tex ture. It is typically made from hydrogenated and part ia ll y hydrogenated vegcta ble oils. 

such as co rn , cottonseed or soybean. It has a hi gher smoke point than butte r and margar ine and is 

100 percent rat results in a ve ry tender baked good. (compared to butter and margarine that 

contain mil k solid s) . Shortcning scems to get its name li'om the I'act that it shortens gluten st rands 

in whea t by addin g I~H. Shortening. like margarine. is a lood ingred ient common ly lI sed in baked 

goods such as biscuits and pic crusts. I'oods readily consumed by those at ri sk 01' obes ity and 

cardiovascular disease. 
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There fo re, the oi I~' nd fats used to produce shorten ings w i II have a sign i licant e frec t on product 

quality.SllOrtenin g is nade by a process ca ll ed hydrogenatio n, whi ch invol ves addin g ex tra 

hydrogen ato ms to the forementioned vegetab le fa ts and turn s th em into so lids, rather than 

liquids. Thi s process of turnl ~ the prev ious ly un hydrogenated oi l into a partiall y hydrogenated fat 

w ith trans fatty aci ds. Shorteni ,;g an be me lted or softened and creamed in to a mi xture. 

T he la t content of vegetabl e shortenin g ma e it-tlse ful-f() r-fi'~ and for rec ipes that require pure 

fat. It is more economica l than butter or lard ; it does not require re fri geration (it may last up to one 

yea r in a n airti ght conta iner) and can extend the she lf life of some foods and baked goods. Some 

vegeta ble shortenin g co nta ins tin y bubbles till ed w ith nitrogen. These bubb les are useful in rec ipes 

that require leavening. These vegetable shortenin gs may a lso contain emul s ifi ers that help stab ili ze 

th e gas-fill ed bubbles and di sperse th e fat. Wh en vegetable shortening is used in cookies instead of 

butter, th e cooki es may have a fluffy texture but lack fla vo r. I f ha lf butter and half vegetab le 

shorte ni ng are used , both texture and fla vor may improve (Marcus. 20 13). 

2.13. Characteristics of modified fat products 

Fat b lends formu lated by blending palm o il (PO) with sunfl olVer oil (SFO) and soybea n oi l (SI30) 

in diffe re nt ratios were subj ected to chemica l inte resteritication (C IE) reac ti ons using sodium 

meth ox ide (NaOMe) as a catal yst. Intereste ri fied blends o f80-90% PO and 10 to 20% SFO: SBO 

had high er s lip melt ing point(SM P) and So lid fat content (SFC) than their respecti ve non­

inte reste riti ed blends. The in teresterified b lends w ith 80-90% PO and 10-20"'" SFO: S80 had SFC 

in th e range o f a ll -pu rpose type shortenin gs. (Muhammad el al .. 20 12) . I-Ie "bo stated that Fat/oil 

blends. formul ated by mixing fu ll y hydrogenated pa lm o il stearin o r I',lim oil steari n lV ith 

vegetab le oil s (cano la o il and cottonseed oi l) lVere intc resteri fi ed in di fferent ratios from 30:70 to 

70:30 (W/IV %). SMPs of interesterili ed b lend s were dec reased compare.! to starting blends 

because of ex tens ive rea rrangement o r FAs among tri acylg lycc rol s . SFCs " I' the intereste rifi ed 

blends a lso dec reased concerning the sta rtin g blend s. and the interestc rili cd I'roduc ts were so ft er 

than starting blends . 
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Based on PV. A V and react ion rate constants, the ox idative stabi lity of interesteritied o il s was 

higher than the ir non-interesterifi ed counterparts (Basturk el a/., 2007). The process of 

in teresterificat ion results in changes in triacy lglycerol (TAG) structure and is used to increase the 

melting point of dietary fats. CIE fac ili tated the formation of the beta po lymorph ic form (Mayamol 

e/ 01., 2008). 

Table 5.Phys icochem ica l characteristi cs of palm stear in, soybean oi l and PS: SBO binary blends. 

PS: SBO Iodine Va lue 

(IV) 

100:0 37.2 1 ± 0.06e 

70:30 5 1.08 ± 0.56" 

50:50 72.47 ± 1.06' 

30:70 93.05 ± 1.1 2b 

0:100 129.97 ± 2.66" 

Slip Melting point 

(SMP) 

49. 16 ± 0.05" 

43.20 ± 0.20b 

35.07 ± 0. 12' 

28.03 ± 0.05 <1 

Hardness index (HI) 

36.20 ± 4.55" 

I 1.87 ± 0.66b 

5. 12 ± 0.34' 

3.26± 0.04' 

2.56 ± 0.03' 

Note: Means wi thin co lumn fol lowed by different superscripts are signifi can tl y different at p<O.05. (( Hadi,20 13). 

(PS = Palm stearin: SBO = Soya Bean Oil) 

The author suggested th at according to hi s resul t ob tained ii'om the above tab le. the increas ing of 

the amount unsaturated oils wh ich is SBO in to th e rs blends had caused the increase of the IV. 

whereas the so lid fa t content (SFC). s lip melting point (SM P) and the hardness index (I-II ) 

dec reased. The blends 50:50 PS: SBO has product stab il it y and res istance to oil ing out. with a 

good melting point be lo\\· body temperatu re suitabl e for a product such as l11argarine that l11u st be 

l11e1ted in the 1110uth with l11inil11um \\axiness to have a good ora l-l11elt. 
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Table 6. Ph ys icochemi cal cha racte ri s tics of three diffe rent commercia l shortenin gs (S O I. 502, 

S03) (Mea n + SD). 

Parameters SOl S02 S03 Recommcnded 

(FAO/WHO) 

Density,60"C(g/ ml) O.877± 0.007 0.881 ±0.002 0.882±0.00S 0 .851-0.S99 

Melting point (0C) 44.7 ±O. I 44.9±0. 1 44. 1±0.2 4 1-5 1 

Refractive indcx, 60ne 1.469±0.002 I .469±0. 002 1.468±0.00 I 1.46-1.47 

Frec fatty acids (%3S olcic 0.OS9±0.0 1 0.099±0.004 0.064±0.002 <0.3 

acid)Pcroxide va lue (mEq/kg) 
8.99±0.02 9.9 1±0.02 9.14±0.02 < 10 

Sapon ification value (mg 

KOH/g) 
191.0 1±0.04 I 92.24±0. I I 92.07±0.2 185-200 

Iodine va lue (g IfI0Og) 
46 .98±0.02 46 .33±0.0 I 47 .1 6±0.O I 42-55 

Source: (Eshelu G,zaw, 2007) 

2.14. Appl ication of shortening 

Shortenin gs pe rfo rm two ch ief fun ct ions in ba ked goods: leavenin g and creami ng. and lubri cat ing. 

Shortenin g de lays starc h ge lati ni za tion and a llolVs the dough to ex pand more !lelore the stru ctu re is 

set and added to baked goods to shorte n or tend cri ze th em by interruptin ~ the g luten stru cture. 

Large qua nti ti es of s h o rten in ~s are used in frying . by dee p fat and by pan and grill meth ods. Fats 

play a dua l ro le by a id in g in the transfer o f hea t to th e lood be in g I'ri ed ami by be in g pa rti a ll y 

abso rbed by the lood contributing to th e nutriti ve value and Il avo r and textu re. They al so imp rove 

1l1 0ut hlce l and eat ing qual it ies. add lubri c ity. impro ve dough-ha ndling propenies. co ntribu te !lavor 

and structu re . and promote des irable crumb gra in and tex ture (S tauffe r. I "')6 ). Shortening and 

tende ri z ing e ffects a re es pec iall y illlportant in ca kes. pie cruSb. pastries. COO"", . alld crackcrs. 
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Genera ll y, so li d fat indices that chan ge little w ith tempe rature are des ired fo r most shorten in g 

ap pl ications. Typical sho rtenin g levels a re 2- 5% in bread . 5- 25% in cake, 20- 30% in sweet goods, 

30-40% in pu ff pastry, and 20-3 5% in piecrusts. 

2.15. Nutritional value of shortening 

One tab lespoon of vegetab le shortenin g has about 11 3 ca lor ies, 12.7 grams of total fat, 3.2 gram s 

o f saturated fat , 8.9 grams of unsaturated and 0 mi lli grams of cholestero l. Some vegetable 

shorteni ng con tains 2 grams of trans fats (Marctl s. 2013). Unlike butter or marga rine. whi ch 

contain a pproximately 80% fat, shorten ing is 100% fa t. Therefore, it is very high in calories and 

co ntains neither crabs no r prote in . It a lso contains very few vitami ns and mineral s. A I-tablespoon 

serv ing of vegetable shortenin g contains 0.78 milli grams of v itamin E. That's about 5 percent of 

the 15 m il ligrams yo u should ai m to get in yo ur daily diet. Vitam in E is an antioxidant th at helps 

protect yo ur ce ll s from damage by free rad ica ls. T hi s essenti a l v itamin plays a ro le in th e 

production of red b lood cel ls and a ids yo ur body in mak ing proper use of v itamin K. One 

tab lespoon of vegetable shortenin g provides 6.8 mic rogram s of vitamin K. That trans lates to about 

8 percent of the 90 mi crograms of v itamin K wome n need eac h day and abo ut 6 perce nt of the 120 

micrograms men need on a daily basi s. Vitamin K is most notabl e for its rol e in properl y c lotting 

blood. but it has a sma ll part in keeping bones h~althy. as we ll. A vitamin K defic iency can cause 

excess ive bl eedi ng. but th is type of del"ic iency is q tl ite ra re in deve loped co untries 

2.16. Handling, stora ge and shelf life 

The oxidativc stability of lipids has been evaluaku by a variety of methods und er a \\ iue range 01' 

co ndi tio ns. Tem pe rature is the 1110st importallt lactor to consider in oxidation stability 

determination beca use the rate of ox idati on i, ~x poncntiall y re lated to temperature In crease. 

Therefore. the she ll' life of a lip id decrease , logarithmica ll y with in creasing temperature 

(Gu nsto nc . ~002). 



In some cases where the shorten ing oil blend includes very slowly crystallizin g oil s (f. ex . pa lm 

o il ), it can be necessary to store the produced product in a storage room with a temperature of 

approx. 25 °C fo r a period of max. 48 hours. The tempering is necessary to ensu re the stab ility of 

the ~ ' crysta l structure. The stabil ity is achi eved by holding the processed shorten ing in the 

qu iescent state at a temperature j ust below the melt ing point of the lowest melting crystal s i.e. 

triglyce rides. Care must be taken during storage and shipmen t to avoid damag ing the fla vor. 

Shorten ing, no matte r how carefull y packaged, wi ll pick up fl avors if stored near items giving off 

strong odors. The suggested storage is at room temperature. 

The shelf life of shortening depends on the type of product that it is, but shortening does expire; fo r 

example, unopened cans and shortening sticks ha ve a shelf life that is about 2 years li'om the 

manufacturing date, while an opened can of shortening will last abo ut a year. but shortening sticks 

will on ly last about 6 months. Key indicators of shorten ing are color. smell , and taste. If any of 

these are off, the shorten ing has like ly gone bad and shoul d be discarded.To ensure a shortening's 

shelf life, store it in a coo l, dry place, such as a kitchen pantry. 
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3. Materials and methods 

3.1. Study area and sample collection 

T he stu dy was co nducted at Add is Ababa Uni ve rs ity, Center for Food Science and Nutriti on 

Labo rato ry. Refin ed, Bleac hed and Deodo ri zed Soya bea n Oil (RBDSBO) sa mples we re co ll ected 

from KUN IFIRA Agro-Process ing PLC, supermarkets, shops and reta il ers in Addi s Ababa. T he 

pa lm stea rin was o btained from AFH A Food Process ing Plant. T he co ll ected o il sa mples were 

coded a nd preserved in a dry and coo l place in food sc ience and nutriti on laboratory. Commerc ia l 

shortenin g (as a co ntrol ) was obta ined from sho rtenin g process ing indu stri es . 

3.2. Chemicals and reagents 

Chloroform, potass ium iodide, iodine. g lac ia l acet ic ac id , bromine wate r, potass ium hydrox ide, 

pheno lph tha le in, sodium thi osulfate. hydrochl or ic acid, sta rch, ca lci um ox ide. alcoho l. A ll reagents 

used in thi s were ana lyti ca l grad e . 

3.3. Sample preparation 

Be fore shortenin g process ing, each of th e coll ected o il samples we re mi xed and homogeni zed and 

th e pa lm s tea rin was me lted at 90 °C befo re use. Fat blends we re rormul ated by mixing a h igh ly 

sat urated fat (pa lm stearin ) with nati ve vegetab le o il (soybea n oi l) in vary in g propo rti ons as 

indicated table 7 be low. The blended sample " a, processed in to vegetable fat (shortening) at 

A FI IA rood process in g plant by crysta lli zat ion prl'cess with co ntinu ous mi x ing. After th e mi x ing 

process was co mpleted. the blend ed samplc " as left at least 24 hI'S at 13 - 14oC ro r settli ng 

pu rposes. Fina ll y. vegeta ble sho rtenin g was found. 
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Table 7.Mixing ratio (%wt/wt) for palm stearin and soybean oil 

Ratio (%wtlwt) 

Palm stearin Soybean oil 

20 80 

40 60 

50 50 

60 40 

70 30 

80 20 

Based on the above formulations, six samples were produced, but the desired physical quality or 

characteristics of the processed shortening was not displayed for (20:80, 40:60 and 50:50) Ps and 

SBO fonTIulations respectively. Thus, these products could not form crystals or expected 

shortening for further app lications. Therefore, vegetable shorten ing was prepared by a combination 

of 60 % and 70% palm stearin and 40% and 30% soya bean oil respectivcly, bccause thcsc 

products exhibited thc dcsired physicochcmical characteristics of vegctable shortcning. Thc rcsult 

was reported by Hadi , 2013 and stated thut the blends 50:50 PS: SBa has product stab ility and 

suitable for l11aJ"garine production. 

Processed shortening MP 4 1°C 

Fig.7. Shortening processing. 
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3, 4. Overall experimenta l design and data collection 

3.4.1. Experimental design 

A laboratory-based experimental study was carri ed out uSing shortening samples unde r a 

Completely Random ized Design (CRD). Figure 3. 1 shows the overal l experimental frame wo rk of 

the study and phys icochemica l properties orthe product that has been analyzed during this study. 

Sensory evaluation 

(color, taste, textu re, 

etc.) 

Iod ine va lue(g 

I/ l OOg 

Perox ide value mFq 

0 2/kg samp le). 

Acid value (%) 

Blending of palm stearin with soybean oil 

I 
Shortening production (crystallization 

process) 

Physico- chemical analysis 

Melting point (0C) 

Fig.S. 0 , cral l cx peri mc llla l I"rame-\\ ork 
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3.4.2. Physicochemical analys is 

A fter sampl e pre pa ration was done, ph ys icochemica l meas urements li ke, Moisture content, Ac id 

va lu e, Free fatty ac id, Perox ide val ue, Saponification va lue, Unsaponifiable malter, and Iodine 

val ue and se nso ry eva luat ion test were carri ed o ut. 

3.4.2.1 Moisture determination 

The mo isture content of shorten ings was determ ined by oven dry ing meth od based on AOCS 

Official Method Ca 2 b-38. Drying meta l di sh was cleaned and driedin d ryi ng oven at 105 ± 1°C 

for I ho ur, and coo led in des iccators and weighed (W I). Abou t 5gm o f th e sample ( W2) was 

placed in a previous ly dri ed and we ighed d ish and heat, in an oven at I 05± I °C for 2 hours. T hen, 

coo led in a des iccator co ntain ing phosphorus pentoxide or eq ui va lent des iccant and measured 

(W3). Thi s process was repeated until the change in weight between two success ive observat ions 

does not exceed I mg . The dete rm in ation was carried out in duplicate. 

M . d 1 '1 (0 ' ) -_ W3 - Wl * 100 Olsture an vo atl e malle I' YO 
W2 - Wl 

------------- Eq" ( I ) 

Where. 

WI = we ight o f (gm) o f the meta l di sh 

W2 = We ig ht orthc sa mp le (gm) and 

W3 = we ight of dried sam ple andmctal di sh 

3.4.2.2. Determination of speci fi c g rav ity 

Spec ifi c grav ity is the ratio of th e dens ity of a samp le to the densit y o f a re ference subs tan ce 

(mostly wa ter): equi \ akntl). it is the ratio of th e mass o f a sample to the mass of a reference 

substance l'or th e sam ,: given vo lume. 
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An empty bott le was cleaned, dr ied , and we ighed. About 10m i of the sample was fi ll ed III a 

c leaned and dri ed empty bottl e and we ighed. then, th e dens ity of the sample was calcu lated. The 

sa me procedure was used for the dens ity o f c lean water (Aki no la, et a I. , 20 I 0). 

Spec ifi c grav ity was calcu lated as fo ll ows. 

. . wl / v wl 
Spec ifi c grav ity =-- = - -------------------------------------------- Eq" (2) 

w2/ v w2 

Whe re, WI = we ig ht of sampl e 

W2 = weight of water 

3.4.2.3. Determination of melting poin t 

The melting po int of th e product was dete rmi ned by (I SO 632 1: 1997) . A po rt ion o f the test 

sample was me lted as rap id ly as poss ibl e to at least SoC, but not more th an 10°C above whi ch is 

complete ly melted. T hen coo led th e me lted test sample with occas iona l st irring until its 

temperature is 32 to 34°C and then stirred co nt inuo usly with stirrer a ll owing th e fat to coo led until 

the lirst s igns of c loudi ness have appeared. Stirrin g was continued by hand unti l th e fat had a pasty 

co nsistency and then trans fe rred th e fat to a 100 ml beake r at roo m tempera ture. The fat was stored 

at thi s temperature for a m in imum of24 hours. Four cap illary tubes pushed into the co nditioned fat 

until the co lumn o f t,lt 10 mm +2 mm long was obta ined in each tube and removed an y fa t 

ad hering to the outer sur faces of the tubes and the tempe rature was adjusted so th at it co uld ra ise 

10C/ minu te. The ca pill ary tubes we re put in th e appara tu s w ith adj usted temperat ure. l.astly. the 

tempe ratu re was taken at whi ch th e li rs t fat droplet was observed and reported the average of the 

ca pillary tubes as o ne dete rminati on. 

3A.2.4. Determin a tion o f ac id va lue and free fa tt y ac id 

T he oil or l11 e lted la t was mixed thorou gh I) be lulc \\cighin g. The mass o rt hc tcst sa mple has been 

ulk c ll based on th e co lor and ex pec ted acid valu e 
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Table 8.Mass of test portion and ex pected ac id va lue. 

Expected Acid Value Mass of Test po rti on (gm) Accuracy of we ighing of test port ion 

(gm) 

< I 20 0.05 

I to 4 10 0.02 

4 to 15 2.5 0.0 1 

15 to 75 0.5 0.00 1 

>75 0.1 0.0002 

Source: Man ual of meth ods of analysis of loads (oils and fats; 2016) 

The ac id va lue was determined byus ing an official method of AOCS Ca 5a-40. The mass of test 

samp le was based on the expected ac id va lue of the product as shown on table 8 above. Based on 

(lSO,660) the expected maximum acid value for edib le oils and fats must be less than 0.6. Thus, 

about 20gm of sample was placed in 250ml conical fla sk. Then 50ml of hot ethanol lVith O.S ml of 

1% phenolphtha lein was added and mi xed. Lastl y, the samp le was titrated lV ith O.I N potass ium 

hydrox ide so lution, until li ght pink co lor was appeared. 

The acid va lue was ca lcul ated with the eq uation : 

AV= -------------------------------------------- - Eq" (3) 

Where, A V represents acid va lue. V - volume 01' standard potass ium hydroxide solution. (mL) 

(vo lume o j' KO H solut ion used for samp le - blank reagent): N - normalit y of the potass ium 

hydroxide solution: m - we igh t o l' the test sample (gm). 

Determination of Free Fatty Ac ids (FFA): -The ac idity is frequentl y expressed as the pe rcentnge 

of FFA in the sample 
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The percentage of FFA in most oils and fats is calculated on the basis 0 1' ole ic acid; alt hough in 

coconut oil and palm kern el o il it is otien calcu lated as lauric acid, in castor oil in terms of 

rici noleic ac id and in palm oi l in terms of palm itic ac id. Based on tab le 9 be low FFA expressed as 

the fo ll owing equat ion: 

%FFA va lu e (as o le ic ac id) = ------------- Eqrr (4) 

Where, V: vo lume of the standard KOI-I so luti on, 

N: normality of KO H 

W: we ight o f sample 

Table 9. The ca lcul at io ns in terms of different oils 

Free fa lly ac id as o le ic ac id % by weight = 28.2 * V * N 

w 

Free fa lly ac id as lauric ac id % by weight = 20 * V * N 

w 

Free fatty ac id as ri cino lic ac id % by we ight = 29.8 * V * N 

w 

Free fatt y ac id as pa lm itic ac id % by \Ve ight = 25.6 * V * N 

w 

Source: Manual o f methods of anal ys is o f food s (o il s and fat s: 2016) 

3A.2.6. Dete rmin at ion of Iod ine va lue 

Iod ine va lue \\ as determ incd acco rding to AOI\ C (2000) and 0.2 5gm oj" sample I\as placed into 

250m I con ical fl ask. Thcn 10mi of ch lorolrlrll1 and 30ml of Hanu s reagenl (I X.2gm 0 1' iodinc 



di sso lved in I L of glacial aceti c ac id with 3ml o f bromine water) were added. Then, the so lution 

was placed in dark thorough mixingfm 30min. At the end of the specified time, 10mi of potass ium 

iod ide (15%) was added and diluted with 100mi of distilled wate r to prevent loss of the free iodine. 

Then the solution was titrated with 0. 1 N sodium thiosulfate, and 2-3 drops of sta rch so lution 

where blue so lutions formed and then continued with titrat ion till the blue co lor was di sappeared. 

The iodine va lue was calculated with the equation: 

m 
------------- Eq!l (5) IV = 

(B -S)*O.127*NdOO 

Where, 

I V represents iociine va lue, (g 12!l 00 g sample); 

0.127 - number ofgr~ms of iodine corresponding to Im L of sodium thiosulfate solution. (g); 

B - vo lume of sodium thiosulfate solution used for the blank reagent. (mL); 

s- vo lu me of sodium thiosulfate so lution used for the sam ple, (mL); 

N- concentration of , odium thiosu lfate so lution; m - mass of sample (gm). 

3.4,2.7. Determinat io n of peroxide va lue 

Peroxide va lue lVas determ ined by AOAC (2000). About 5gm of samp le \Vas placed in 250m l 

con ical tl ask. Then. 30ml of glac ial aceti c acid-chloroform so lu tion (3:2) and 0.5ml 01' saturated 

potass ium iodide (K I) so lution we re acided and left for a minute in a dark al ambient temperature. 

Then. 30ml ol'di stil kd water was added 10 stop the react ion and to preve nt free iodine loss. 2ml of 

sa turated starch so lution lias used as indi cator and th e mixture formed dark blue color and titrated 

with standardi zed I IO I N sodium thiosulfate so luti on ulllil the color 01' the mi xture was 

disappeared. 
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The peroxide va lue was ca lcul ated with the eq uation: -

Perox ide va lue (mEq 0 2/kg of sampl e) = 

Where, 

(V2 - Vl) *N *lOOO 
-'------'----- -------------- Eqn (5) 

m 

PV:Represents perox ide va lue, (m Eq 0 2/kg sample); 

V I :Volume of standard sodium thiosu lfa te sol ution used for the blank reagent (mL) ; 

V2: Volume of standard sodium thiosulfate solution used for the sampl e, (mL); 

m: Weight of the sample (gm). 

3.4.2.8. Determination of saponification vallie 

Saponification va lue was determined by AOAC (920. 160) method. About 2gm of fi ltered sample 

was put on 250ml Erl enmeyer fl ask. Then,25 ml of alcoholi c KO H (mixture of 40gm KOH and 

45gm CaO d issolved in I L of ethanol) so lution was added in to the flask. 

The fl ask was connected with the condenser and boiled unt il the fat was completely sapo nifi ed for 

I hr. After a specified time, the sampl e was coo led and ti trated with 0.51\11 HCL (dilute 42.5 1111 o r 

37% HCL with di sti lled water) pheno lphthalein was used as an indicator. 

The sapo nification va lue was ca lcul ated with the equat ion: 

56.1 *M*(V2 - Vl ) 
SV= 

m 

Where. 

---------------------------- Eq" (6) 

SV rep resent s saponi fi cati on value . (l11g KO Hl g sample): 56. I-molecul ar we ight o r HCL: 1\11 -

exact concentrati on o f HCL used ror titrat ion:V I - vo lume or standa rd hydroch loric ac id required 

for th e sample. (mL):V2 - volul11~ 01' standard hydrochlori c ac id required for blank reagen t. 

(111 1_): 111- \\ei ght oflhe oil sal11 ple (gm ). 
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3.4.2.9. Determination of unsaponi fiabl e matter 

Unsaponifi able matte r was determined acco rdin g to ISO 3596:2000. Abo ut S.O gra m of samp le 

was we ighed into a fla sk and 50ml of eth ano li c KO H so lu tion was add ed. Then boi led gentl y 

und er reflux condenser fo r I hrs. Afte r the sa ponifi cati on was completed , 100 mL of di still ed water 

was added. 

After coo ling th e so luti on was transfe rred into SOOml o f separatin g funne l and th en the fl as k was 

rin sed seve ra l tim es with 100 ml diethy l ether an d poured into separatin g funnel the so lution was 

vortexed vigorous ly fo r I min and re leased the pressure. The so lution was left un til complete 

separa ti on of two phases formed and run off the lower layer complete ly and trans fc rred in to the 

second separating I'u nne!. Ethano li c soap so lut ion was extracted tw ice more with 100 ml of di e thy I 

et her and ether ex tracts were co ll ected into another separat ing funne l conta ining 40ml of d istilled 

water. The combined extracts was rotated and allowed to separate the laye r then draw off the lower 

aqueo us layer. The etherea l so lu tion was washed twice more with 40m l water, shaked v igo rous ly 

and di scard ed th e lowe r aq ueo us laye r a rier separation. The eth erea l so lu tio n was was hed 

success ive ly with 40m l KO H so lu ti on (O .SM), 40 ml water and aga in with 40m l KO H so lution and 

then at least tw ice more with 40 ml of water. Wash ing was cont inued until the washing no longer 

g ives a p in k color 011 th e additi on o f a drop of pheno lphtha le in so lution. Etherea l so lution was 

trans fer red qu ant iti vely into 250m I fl ask prev ious ly dri ed at 103°C ±2oC in the oven. coo led and 

weighed to th e nearest O. lm g. T he so lvent was eva porated on boi ling water ba th. then 5ml of 

acetone was addcd and vo lat il e solvent was evaporated. The res idue was dri ed in thc ove n at 103°C 

±2oC fo r 15 minutes. then coo led in the des iccators and we ighed to th e nearest 0.1 mg. The dry ing 

was rcpeated until the di ffe rence between two success ive we ighi ng was less than I.Smg. The 

resid ue was di ssohed in 4ml o f di c th y l ethe r and th cn 20ml 01' e th ano l and titrated with 0. 1 M 

ethano li c KO I-I solution to ca lc ul ate the mass of the free tiltty acid as o leic ac id (111.;) . g 

= 0.28YC. ----------------------------------- Eq" (7) 

Wh ere. Y= vo lume ., f th e standa rd \'olumet ric solution or KOI-I 

c= cone .. 111 ,ics pe r lite r or th e stand ard vo lum etr ic so lution of KO I I 
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Ca lculation, 

Unsaponifiab le matter, expressed as a pe rcentage by mass of th e sample 

100*(ml -m2-m3) 
-------------------------- Eq" (8) 

mO 

Where, mo= mass of test po rtion , gm 

111 [= mass of residue, gill 

m2= mass of resid ue from the blank.gm 

m3= mass of free fatty ac id (i f any). gm 

3.4.3. Sensory analysis 

There are widely di verge nt op"l lons on the number o f judges required for sensory desc riptive 

anal ys is (DA) with some authors say ing 6 and others up to 15. As Singh-Ackbarali & Maharaj , (20 14) 

reported that the minimum requirement for sensory acceptance panel number was 20. 

Sensory acceptability of the product was eva luated after 6th month storage at room temperature. 

Homemade cookies we re used as a baked prod uct (Grann y. 2007) and those cookies were 

processed as foll ows. Two cups all -purpose whea t fl our was mixed ,,, ilh I tablespoon bak ing 

powder. 1/2 teaspoon salt. 2 tab lespoons sugar and 1/4 cup of shortening and the process was show 

in fi g 3. 1 be low.After baking process was completed tlVenty Food Science and Nutrition students 

we rc pa rti c ipated fo r sensory accep tance test of thc product by us ing 9-point hedo ni c scale. 

Different sensory attributes like. co lor, cr ispiness/tex ture. taste. and fla vor and over all 

acceptab il ity of the product lIerc evaluated. Fi nall y. sensory eval uation data we re recorded on 

score sheet paper. 
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Mix ing all in ~red i ent~ (wheat flo~r, sa-;'-l 

sugar, baking powder, shorten ing & water) 

I 
Kneading 

I 
Modeling and cutting 

I 
Baking (150°C for 30min.) 

Cooling (at room temp.) 

I 
Packing (po lyethy lene bag) 

Fig.9. Homemade cookies processing (Granny, 2007). 

3.5 Data analysis 

The data obtai ned rrom the expe riment were subj ected to analysis using stati st ica l software. SPSS 

(Stati s tica l Package [o r Socia l Sciences) vers ion 20. Accordingly. ANOVA. mean comparison and 

significance \Vere sc t at 50/0 level . 
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4. Results and discussion 

Ph ys icochemical characte ristics were determined for a ll processed shortenin g (S60 & S70) and 

com mercia l shortenin g as indicated in tab le 10 . 

T able 10. Ph ys ico-chemica l characteri stics of processed shorteni ng at O-mo nth storage (Mean + 

SO). 

Parameter S60 S70 C 

Spec i fi c gravity 0.88±0.0 I" 0.88±0.02 ' 0.88±0.02" 

Mel ting point(°C) 4 1.33±0.58 b 44.67±0.58" 40.00 ± 1.00b 

Mo islU re % 0. 10±0.0 1 b 0.10±0.02b 0. 15±0.05 " 

Ac id val ue 0. 14±0.0 1" 0. 14±0.10" 0.22±0.0 I" 

FFA (%as o le ic ac id) 0.07±0.0 I b 0.09.10.0 I" 0. 11 ±0.0 1" 

Perox ide «mEq O]/kg» 2.20±0. 10' 2.47±0. IOb 3.30±0. 10" 

Iod ine (g II I ~Og) 49. 70±0. 10" 45.00 ±0.50' 48. 70±0.1 Ob 

Sapon. va lue(mgKO H/g) 190.1 O±O. I 0' 190.70±0.20° I 94.35±0.05" 

Unsapon i fab le malle r O.96±0.O I" O.84±0.02' 0.87±O.0 I b 

NOH:: M eans \\ it hin row t() II(l\\ cd b) dif!cn.:n l Sllpo.::fS( ripl S arc signitic<llll ly ditf cn: nl ~I I p<O.OS. S60 =; shor\l'ning prodlH.:..::d froll1 

60~o palm stearin and 40° 0 SO) h";Im oil. S 70 = Sl10flt'liing prodtH.:\.'d Ihull 70% palm stearin and 30° (0 sn) bt:an oil and (' :..= 

COllllllC fCinl shortening used as control. 

From Tab le 10. shorteni ng processed from 70% palm stea rin had the hi ghest melt ing po int (-l4. 

7°C) means. me lt ing po int decreases \\ he ll more or SllO blenckd witll PS. Thc same report '"'' 

"eported by I-I ad i (2013) . 
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Melt ing po int changes with the chain length of 1~ltty ac ids, un satu ration rat ios, lrans fatty' acid 

conteJ1l and the position 0 1' the fatty ac ids in the glycerol backbone (Karabulut el al.. 2003; Had i, 

20 13). The same ex periment was done by Siddique el ai, (20 I 0) and results showed a substanti al 

decrease in the melting point of the palm olein when blended wi th other oil s. The higher portion 01' 

the other low melting point oil s blended with palm ole in resulted in a fu rther decrease in the 

melting point of the blends. 

The iodine va lue of the product was decreased from 49.7 to 45 when the amou nt o f pa lm stearin 

increased in the Fat blends From 60% to 70% respect ive ly. Soybean oil has higher IV than PS due to 

the high degree of unsaturation, thus become more vulnerab le to ox idation (S idd ique el al. , 20 I 0). The 

iodine va lues For the blends increased signifi cantly (p<0.05) with the increas ing amount of SBO in the 

blends because increasing amount of unsaturated fa tty acids in SBO which are linoleic ac id and oleic 

acid. 

Commercia l shortening was found to have the hi ghest perox ide value and saponification va lue 

fo ll owed by shortening produced from 70% pa lm stear in , whil e shortening containing 60% palm 

steari n had the lowest PV and SV. BUI Ihere is no signifi cance difference in tcrms of density, 

spec ific grav ity and ac id va lue (Tab le IO). On the other hand , FFA. pe rox ide va lue and 

saponification va lue of the prod uct was increased when the percent of palm stea rin was increased 

during process ing. FAO/WHO Join t Committee standard for shortenings products indi cated that 

peroxide value shou ld not exceed 10 mEq/kg; the free fatty acid shou ld also he less than 0.3% and 

Ihe melting poin t between 4 1 to s loe (EshelU , 20 16).Based on the above ta hle the fi ndi ng of lh is 

stud y also ag reed with FAO/ WHO standard. 

4.1. Oxidative stability tests 

Oxidation stabi lity is one of the most important qua lity pa ramelers of edih le vegetable oil s and 

fat s. II determines the ir use fu lness in technologica l processes as we ll as shel f life. Many methods 

arc used to determine oxidat ive slab ility. Among mOS I freq uen tly usedmetlh .cb. cklerminations 01' 

pero~ide va lue (PV) and ac id va luc (A V) arc included (Maszcwska ct al. 20 I:' I. 
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Shortenings and vegetable ghee re lative ly contain no water which makes them to have better 

stability during storage. They can und ergo autox idation and hydro lytic ranc idity due to poo r raw 

material s, process ing, packaging and storage cond it io ns (Teklit , 20 15, Zhang el aI., 2005). 
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Table 11. Ph ysicoche mi ca l changes orthe product at 0, 3 & 6-month storage "ith di fferent storage 

te rn peratu reo 

Products Parameters 

Me AV FFA PV 

S60 I" 0. 1±0.0 1" 0. 14±0.0 1' 0.07±0.01 ' 2.2±0. 1' 

S60 RT 3'" 0.1 ±0.01 b 0. 14±0.0 I' 0.07±0.0I ' 2.43±0. 1 Qi 

S60 37 3rd 0.1±0.02 b O. 18±0.0 I of, 0.08±00I f, 4.S7±0. 12f 

S60 RT 6'" O.I ±O.O lb O. 16±0.0 I f, 0.14±0.0Id 3.40.±0.03" 

S60 37 6'" 0.1 ±0.02 b 0.21±0.10"d 0.18±0.0 I b 6 .. 60±0.OS" 

S70 I" 0.1 ±0.02 b 0.14±0.0 1' 0.09±0.0 I ' f, 2.47±0.IOi 

S70 RT 3'" 0. 1±0.0 1 b 0.20±0. 10"" 0. 1 O±O.O I ,r 3. 10±0.76' 

S70 37 3rd O. I±o.oi' 0.29±0.02' O. IS±O.O I ,d 4.2S±0.06' 

S70 RT 6'" O.I ±O.Olb 0. 18±0.02'f, 0. 14±0.02d ! S. S±0.02' 

S70 37 6'" 0. 1±0.02 b 0.37±0.0 I" 0.26±0.02' ! 6.7±O.OS" 

I 
C 15\ 0.1 S±O.OI ' 0.22±0.0 I ", 0.1l ±0.01 ' ! - -±O 10" .LJ . , 

I 
C RT 3rd O.I ±O.Ol b 0.21 ±O.O I ",I' 0.11 ±0.01 ' I 6.63±0.03" 

i 

C 37 3rJ 0.1 ±0.03 " 0.24±0.0 Id 0.16±0.0 I b, I 9.6S±0. 10' 
! 

C RT 6'" O.I ±O.OI b O.32±0.oi' 0. 18±0.0I b 
I I I. S±O.03" I , 

C 37 61h O.I ±0.02 " O.36±0.02"" 0.25±0.02' 12.3±0.0 I" 
L 
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Note; Mt.:a ns wit hin a co lumn followed by dilTert.:n t superscripts ar~ signi ticiuHly diITcrent at p<O.05. W hcre, S60ts,. S601rd
• S60 

6lh = 60% palm stearin and 40% soybean oil , S70ts" 570::((I,S706Ih = 70% palm stearin and 30% soybean oil, CIS" C::rJ, 

and C6lh = commercial short ening. at alh , 3th
• and 6 lh month storage respecti vely. 

Table I I, showed the compar ison of chemi ca l pro perty o f shortening durin g 0, 3 and 6 - month 

storage. The result indicated that, th e moi sture content o f commerc ial shortenin g was higher at 

initi a l tim e (O-month storage) but th ere was no s igniti cant difference with storage tim e and 

temperature changes. The acidity, FFA and PV were in creased s ignificantly when the storage t ime 

and storage temperature was increases fo r a ll products. The acidity, free fatty aci d and pe rox ide 

valu e was hi gher when the products we re stored at 37°C. 

The lowest acid value was found in all (0 ,3 and 6) month storage for S60 stored at room 

temperature, whil e in both 3cd& 6th month storage the hi ghest acid valu e was found for S70 at 37 

°c storage temperatu re. The lowest free fatty ac id was found in all (the I S1 yd and 6'h) month 

storage fo r S60 stored at room temperature, but in th e }'d month storage the hi ghest FFA va lue was 

found fo r co mmerc ia l shortenin g,while in 6th month storage S70 \Vas the hi ghest at 37°C sto rage 

temperatu re. Perox ide was found the hi ghest in commerc ia l sho rtenin g, whil e th e lowest in S60 for 

a ll sto rage mo nths in both storage cond ition . Perox ide are the pri ma ry ox idat ion produc t and 

pe rox ide co ncentrati on may flu ctuate over time s ince pe rox ide turn to oth er oxidat io n prod uct wit h 

tim e (Tho111aidis &Georgiou. 2000). Buko la, el o/.. 20 15 a lso repo rted that pe rox ide va lue and ac id 

va lue were inc reased w ith storage t ime for di ITe rent vegeta ble o il s . However, the ac id va lue, 

pe rox ide va lue and free fatt y ac id valu es were increased durin g storage for processed sho rtenin g 

(S60 &S70) a lter 6 months of storage. none ll f the tested samples exceeded the maAi mu rn 

permi ss ibl e va lues as recommended by WFP (World Food Program) , but pe rox ide va lu e 01' 

commerc ia l shortenin g at 6-month sto rage \Va s ab ove th e reco mmended leve l. 



4.2. Sensory test 

Sensory accepta nce test o f the product was done by homemade cooki es. Food Sc ie nce and 

N utriti on MSc. stude nts were th e pane lists and a 9-poin t hedoni c sca le was used (whe re 1= li ke 

extre me ly& 9= di s li ke extre me ly) and some sensory attributes like co lor. fl avor, text ure, taste and 

overa ll acceptan ce test we re eva luated as indi cated in th e tabl e be low. 

Table12. Sensory acceptab il ity test result fo r baked cook ies made by shortening stored at room 

temperature. 

Sensory attri butes Product 

S60 S70 Control 

Co lor 2.07±0.73" 2.43± 1.60 " 2.5 7± 1.22" 

T exture 2 .2 1± 0.97 ' 2.57± 1.34 " 2.5± 1.09 " 

Flavo r 2.7 1± 1.44" 2.43± 1.34 " 2 .34± 1.008 " 

Taste 2 .43± 1.6 " 2.57± 1.4 " 2.64± 1.08 " 

O vera ll acceptabili ty 2 .43± 1.09 " 2. 5± 1. 16 " 2.5±0. 76 " 

Note: M ean s within I"OW followed by fhl' same s upersc ript are 1I0t sig nifil':-lnll y diffcrcnl .It p<0.05. Where . 560 = 

60% PS and 40% S80. 570 = 70% PS and 30% S8 0 . C = commerc ial sho rtening at s ixth ll10nth storage &stored at 

roo III temperatu re respecti vely. 

Resul ts sholVed that th ere lVas no s igni li cant d iffe rencc for a ll sc nsory a ll ributes betlVeen th e 

processed prod ucts (S60 and S70) and com merci a l sho rten ing wh ich ind icates the processed 

products has equa l senso ry acce pta nce by th e co nsum ers w ith th at of com Ill e r c ia I shorteni ng . 

48 



5. Conclusions and Recommendations 

5.1 Conclusions 

The techno logy fo r production of sho rtening us ing palm stearin and soya bean oil as raw mate ri a l 

us ing crysta ll izati on process revea ls that it is poss ible to deve lop products with th e des ired quality. 

In thi s study, pa lm steari n used in shorten ing manufacturing is the natural oi l with cis molecu le 

configuration. A blend of palm stea rin and soybean o il s were used as raw mate ria ls in the target 

shortening process ing. It requires great effo rt and motivat ion as well as lega l backgroun d for the 

contro l of so me o f these products. 

The stud y also assessed the shelf-l ife stability of processed shortenin g on th e ph ys icoc hemical 

prope rt ies fo r a pe riod of s ix (6) month at different sto rage temperatu res. Du ring the storage 

per iod , changes took place in the va lues of quality parameters. T he ph ysicoc hem ica l properties of 

the product we re w ithin the requirements of food domain. but the perox ide va lu e of commercia l 

shortening was above th e req uirement during 6-mon th sto rage in both sto rage temperatures. From 

the results obtain ed it ca n be dedu ced that a ll shortenin gs have no s igni li cant ly di ffcrent in 

moi sture content until s ix- month storage. A ll th ese vegetab le shorteni ng ca n ex ist as semi so li d at 

room temperature. Products stored at 37 °C have poor physicoc hemical characte ri stics than th at o f 

stored at room temperatu re espec iall y th e perox id e val ue and acid va lue were increased with 

storage temperature and sto rage time. A ll shortening products had eq ual senso ry acceptance lor 

diffe rcnt sensory attr ibutes. The phys icochemi cal property and oxida ti ve stabi lity of 560",as good 

compared w ith 570 and co mmercial shorten in g. Therelore. shortenin g produced l"rom 60% pa lm 

stearin an d 40% soya bean oil \Vas found pref"e ra hl c product lor its preferredqualit), . 

5.2. Recommendations 

Recommendati o n dra\\n from thi s stud y is that shortcnings used fo r baking should be sto red at 

room temperature because the ac id and peroxide va lucs obtained from such shortenin gs \\ ~ rc th c 

lo",est compared \\ ith sto red at 37 (> C. 



S60 the most suitable shortening for consumption as th ey maintain their quali ty with increase in 

sto rage time and also it will increase cost effecti veness because the amount of palm stea rin was 

lower than S70 since palm stea rin is imported product so, cost benefit analysi s and nutritional 

content of the product will increase because SBO contains polyunsaturated essential fatty ac ids 

(Lino leic ac id (w-6 fam il y of PUFAs) and a- li no lenic(w-3 fatty ac id fami ly), which exerts 

important nutritional and phys iologica l function s and regulate number of metabolic path ways 

respective ly. Researchers and food process ing industries (especiall y bakery industries)shou ld be 

focused on the deve lopment of shortening processing with the desire product quality, because the 

demand and suppl y is not compatible because and vegetab le shorteningsprocessing companies are 

few in number. 
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