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ObjectivesObjectives

To produce palmTo produce palm--based margarine based margarine 
enriched with omegaenriched with omega--3 fatty acids3 fatty acids
To study the effect of adding fish oil on the To study the effect of adding fish oil on the 
blends and enzymatic productsblends and enzymatic products



OmegaOmega--3 fatty acids: EPA & DHA3 fatty acids: EPA & DHA
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Essential fatty acidEssential fatty acid
Major source: Fish oilMajor source: Fish oil



OmegaOmega--3 fatty acids (EPA & DHA)3 fatty acids (EPA & DHA)

Potential health effects: Potential health effects: 

Reduction of cardiovascular disease risk, Reduction of cardiovascular disease risk, 
Harris W. S (1989), Harris W. S (1989), J. Lipid Res, J. Lipid Res, 30, p 78530, p 785--807.807.

AntiAnti--inflammatory effects including inflammatory effects including 
reduction of symptoms of rheumatoid reduction of symptoms of rheumatoid 
arthritisarthritis

Kremer J. M et al. (1995), Kremer J. M et al. (1995), Arthritis Rheum,Arthritis Rheum, 38, 38, 
p 1107p 1107--1114.1114.



Experimental approachExperimental approach

PS/PKO + FO blendsPS/PKO + FO blends

Interesterified productsInteresterified products

AnalysesAnalyses

Lipozyme TL IMLipozyme TL IM

Short path distillationShort path distillation

FACFAC TAGTAG SFCSFC



Results and discussionResults and discussion



Fatty Acid Composition (%) Fatty Acid Composition (%) 

C12 C14 C16 C18 C18:1 C18:2 n-3

PS 0.3 1.0 57.9 5.1 27.9 6.7 0.0

PKO 48.8 15.8 7.9 2.0 14.4 2.6 0.0

FO 0.0 3.0 13.7 7.1 26.2 3.9 28.0
+10% FO
PS/PKO 50/50 22.9 8.0 28.1 4.0 19.9 4.8 3.3

PS/PKO 60/40 18.4 6.7 32.5 4.3 21.3 5.0 3.3

PS/PKO 70/30 14.7 5.6 35.8 4.8 21.6 5.2 3.2

Only major FAC



LabLab--scale: Batch EIE (continue)scale: Batch EIE (continue)

SFC, % Crystal
FO: 10% Temp 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 form
50/50
PS/PKO B 78.3 76.7 72.2 57.4 39.2 19.8 14.8 10.3 6.4 β'+β
PS/PKO E 74.5 72.9 66.1 49.8 34.4 18.9 9.2 1.7 0.0 β'
+ FO B 71.8 70.4 64.6 50.4 32.9 17.6 13.4 8.9 6.1 β'+β
+ FO E 65.9 64.6 56.9 42.7 29.8 16.9 8.3 1.5 0.0 β'
60/40
PS/PKO B 79.0 77.7 72.1 58.8 41.0 25.3 19.9 14.0 9.0 β'+β
PS/PKO E 74.5 72.3 65.5 51.3 36.6 22.5 13.7 6.0 0.0 β'
+ FO B 71.9 70.0 64.8 51.2 35.3 22.5 17.8 11.7 8.3 β'+β
+ FO E 66.6 64.4 57.3 43.2 30.5 18.3 11.1 4.6 0.0 β'
70/30
PS/PKO B 79.8 78.4 72.5 60.4 45.2 31.8 24.3 17.6 10.9 β'+β
PS/PKO E 74.8 73.7 68.3 56.3 42.2 28.8 19.4 11.7 1.9 β'+β
+ FO B 72.8 70.3 65.5 53.3 39.8 28.3 21.3 15.0 10.5 β'+β
+ FO E 67.8 66.0 59.6 46.8 34.1 22.4 14.6 8.1 0.0 β'+β

B: Blend; E: EIE product



SFCSFC
(FO: 10%)(FO: 10%)
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Triacylglycerol contentTriacylglycerol content
Samples: + 10% FOSamples: + 10% FO
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Continuous Enzymatic IE: Continuous Enzymatic IE: 
PilotPilot--plant scale plant scale 

FeedFeed

ProductProduct

PumpPump

Temp:70Temp:70°°CC
Res time: 30 minRes time: 30 min
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Margarine formulationMargarine formulation
Interesterified PS/PKO 1/1 + 10% FOInteresterified PS/PKO 1/1 + 10% FO

Liquid oil: CanolaLiquid oil: Canola
Other ingredients: Water, Other ingredients: Water, colourcolour, antioxidant, , antioxidant, 
emulsifier, butter/+ peanut emulsifier, butter/+ peanut flavourflavour
Properties:Properties:

SpreadableSpreadable
Strong fishy Strong fishy odourodour
and tasteand taste
3% FO: mild fishy3% FO: mild fishy
odourodour and tasteand taste



SFC SFC 
Comparison with commercial nComparison with commercial n--3 margarine3 margarine
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Effect of oils on SFCEffect of oils on SFC

Fractional factorial design by RSM Fractional factorial design by RSM 
assisted by MODDE7assisted by MODDE7

3 factors and 3 levels3 factors and 3 levels
Factors: PS, PKO, FOFactors: PS, PKO, FO
Response: SFC (5, 20, 30, 35, 40 Response: SFC (5, 20, 30, 35, 40 °°C)C)
13 oil blends13 oil blends

Palm stearin: 60 Palm stearin: 60 –– 90%  90%  
Palm kernel oil: 10 Palm kernel oil: 10 –– 40% 40% 
Fish oil: 0 Fish oil: 0 –– 10% 10% 



Model fittingModel fitting
3                3                   2    33                3                   2    3

Y=Y=ββ00 + + ∑β∑βiiXXii + + ∑β∑βiiiiXX22
II + + ∑∑ ∑β∑βijijXXiiXXjj

i=1           i=1          i=1           i=1          i=1 j=i+1i=1 j=i+1

where Y is response variables, β0 intercept, βi first-order model 
coefficients, βii quadratic coefficients for the ith variable, βij
interaction coefficients for the interaction of variables i and j, 
and Xi are independent variables

RR22: > 0.95: > 0.95
ANOVA: No lack of fitANOVA: No lack of fit



Effect of oils on SFC in blendsEffect of oils on SFC in blends
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Coefficient plot:Coefficient plot:
•• FO supresses the increase of SFC due to FO supresses the increase of SFC due to 
high PUFA contenthigh PUFA content
•• Major impact at 5 Major impact at 5 °°CC
•• As temperature increases, effect of FO As temperature increases, effect of FO 
become diminished become diminished 



Effect of oils in EIE productsEffect of oils in EIE products

FO has major impact at 5 and 20 FO has major impact at 5 and 20 °°CC
Rearrangement of fatty acids led to change in crystallization Rearrangement of fatty acids led to change in crystallization 
behaviourbehaviour

Positive interaction between FO and PKO at 30Positive interaction between FO and PKO at 30--40 40 °°CC
FO and PKO led to an increase of SFC in interesterified FO and PKO led to an increase of SFC in interesterified 
productproduct
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ConclusionConclusion
Interaction between FO and PKO contributed to Interaction between FO and PKO contributed to 
the increase of the SFC of the interesterified the increase of the SFC of the interesterified 
productproduct
Interesterification process reduced the SFCInteresterification process reduced the SFC
Even though FO content was only 10%, it has Even though FO content was only 10%, it has 
strong influence on the melting profile strong influence on the melting profile 
Melting characteristic of the EIE margarine is Melting characteristic of the EIE margarine is 
comparable to the commercial ncomparable to the commercial n--3 margarine3 margarine
It is possible to produce nIt is possible to produce n--3 margarine 3 margarine 
hardstockhardstock via enzymatic process, but a suitable via enzymatic process, but a suitable 
flavourflavour must be added to mask the fishy must be added to mask the fishy odourodour
and taste and taste 



Structural Modification of Palm Structural Modification of Palm 
StearinStearin by Enzymatic Routes to  by Enzymatic Routes to  

Produce High ValuedProduce High Valued
Oil Products Oil Products 
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ObjectivesObjectives

Interesterification of double fractionated Interesterification of double fractionated 
palm palm stearinstearin and canola oil by and canola oil by lipozymelipozyme
TL IM.TL IM.
To determine the To determine the physicophysico--chemical chemical 
properties of the products.properties of the products.



Material PreparationMaterial Preparation
Hard palm Hard palm stearinstearin was melted and mixed with canola was melted and mixed with canola 
oil (CO) in proportions ranging from 20 to 80% palm oil (CO) in proportions ranging from 20 to 80% palm 
stearinstearin, in 10% increments (, in 10% increments (w/ww/w).  ).  

Six blends of the mass ratio of hard palm Six blends of the mass ratio of hard palm stearinstearin to to 
canola oil (PS:CO) were prepared: 20:80, 30:70, canola oil (PS:CO) were prepared: 20:80, 30:70, 
40:60, 50:50, 60:40 and 70:30. 40:60, 50:50, 60:40 and 70:30. 

100g of PS:CO blends were reacted with 10% (100g of PS:CO blends were reacted with 10% (w/ww/w) ) 
of conditioned immobilized enzyme and 10% (of conditioned immobilized enzyme and 10% (w/ww/w) of ) of 
molecular sieves batch system at 60molecular sieves batch system at 60°°C and 25 C and 25 
rpm/min for 24 hours.rpm/min for 24 hours.



AnalysisAnalysis

ChemicalChemical
Free fatty acidFree fatty acid
Triglyceride profileTriglyceride profile
FA compositionFA composition
RegiospecificRegiospecific analysisanalysis

Physical Physical 
Slip melting pointSlip melting point
Solid fat contentSolid fat content
DSC analysisDSC analysis
Polymorphism Polymorphism 



RESULTS & RESULTS & 
DiscussionDiscussion
Chemical AnalysisChemical Analysis



TAG ProfileTAG Profile
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TAG ProfileTAG Profile
The interesterified blends showed a The interesterified blends showed a 
decrease of PPP and OOO (high decrease of PPP and OOO (high 
melting and low melting melting and low melting TAGsTAGs) but an ) but an 
increase of POP, POO and PLO increase of POP, POO and PLO 
content. content. 

The blend of PS:CO 30:70 exhibited the The blend of PS:CO 30:70 exhibited the 
highest increment of POO (12.3 mol %) highest increment of POO (12.3 mol %) 
after interesterification by TLIM lipase.  after interesterification by TLIM lipase.  



Fatty Acid RatioFatty Acid Ratio

Dietary intake (WHO) suggested that Dietary intake (WHO) suggested that 
the nthe n--6 to n6 to n--3 fatty acid ratio should 3 fatty acid ratio should 
not exceed 5 to 1 for a healthy not exceed 5 to 1 for a healthy 
balance. balance. 

All the experimental PS:CO blends had All the experimental PS:CO blends had 
optimal noptimal n--6 to n6 to n--3 fatty acid ratio below 3 fatty acid ratio below 
5:1 5:1 



RESULTS & RESULTS & 
DiscussionDiscussion

Physical AnalysisPhysical Analysis



Slip Melting Point (SMP)Slip Melting Point (SMP)
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Solid Fat ContentSolid Fat Content
Before IE
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Solid Fat Content (SFC)Solid Fat Content (SFC)

The SFC of margarine at 35The SFC of margarine at 35°°C should be C should be 
below 5% in order to show complete below 5% in order to show complete 
melting in the mouth without leaving a melting in the mouth without leaving a 
waxy coating on the palate.waxy coating on the palate.

The IE PS:CO blends of 20:80 (0%), The IE PS:CO blends of 20:80 (0%), 
30:70(0.2%), 40:60(1.4%) which have 30:70(0.2%), 40:60(1.4%) which have 
lower than 5% of solid fat at 35lower than 5% of solid fat at 35°°C, are all C, are all 
meeting this requirement. meeting this requirement. 



Sample Sample vsvs Fat Products (SFC)Fat Products (SFC)

% SFC of EIE  (PS:CO) 40:60 
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Reacted blend (40:60) (ii) margarine (POs:SBO) (Ref [27]) (iii) vanaspati (PO:Sal) (Ref [24])

Fat Fat 
BlendBlend

FB 1FB 1 FB 2FB 2
margarinemargarine

FB 3FB 3
vanaspativanaspati

Palm StPalm St
CanolaCanola

SBOSBO
POPO
SalSal

4040
6060

5050

5050
8080
2020

% SFC % SFC 
1010°°CC
1515°°CC
2020°°CC
2525°°CC
3030°°CC
3535°°CC
4040°°CC

29.829.8
18.318.3
11.311.3
7.57.5
5.15.1
1.41.4
00

25.825.8
15.915.9
10.610.6
7.07.0
4.14.1
2.82.8
0.50.5

32.232.2
21.921.9
14.214.2
5.35.3
4.74.7
1.31.3

SMPSMP 36.036.0 38.538.5°°CC



Sample Sample vsvs Fat ProductsFat Products
%SFC of PS:CO 60:40
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Reacted blend (60:40)
(i) domestic shortening (Chu, 2001)
(ii) puff pastry margarine (Pos:PKO) (Teah, 1982])
(iii) bakery shortening (Pos:RSO) (Nor Aini, 1987])

Fat Fat 
BlendBlend

FB 1FB 1 FB 2FB 2 FB 3FB 3

Palm StPalm St
CanolaCanola

PKOPKO
RapeseRapese

eded

6060
4040

8080

2020

7070

3030
% SFC % SFC 
1010°°CC
1515°°CC
2020°°CC
2525°°CC
3030°°CC
3535°°CC
4040°°CC

56.356.3
45.145.1
32.632.6
23.523.5
16.816.8
10.310.3
6.76.7

57.857.8
43.943.9
31.131.1
22.922.9
16.816.8
12.212.2
10.110.1

49.749.7
38.838.8
29.729.7
20.920.9
14.914.9
11.511.5
8.28.2

SMPSMP 46.746.7°°CC 43.543.5°°CC



Polymorphic CrystallizationPolymorphic Crystallization
Increased of Increased of β΄β΄ polymorphs polymorphs 
after IE,  not sufficient for after IE,  not sufficient for 
margarine and shortening margarine and shortening 
application. application. 

ββ crystal is desired in pastry crystal is desired in pastry 
margarine meant for piecrust margarine meant for piecrust 
making to produce stiff and making to produce stiff and 
hard product consistency.hard product consistency.

The formation of The formation of ββ crystals can crystals can 
be suppressed by adding be suppressed by adding 
sorbitansorbitan tristearatetristearate about 0.3about 0.3--
0.5% into the fat blends.0.5% into the fat blends.

% PS:CO% PS:CO
Polymorphic form Polymorphic form 

(s)(s)

Before IEBefore IE After IEAfter IE

20:8020:80 ββ ββ > > β΄β΄

30:7030:70 ββ ββ > > β΄β΄

40:6040:60 ββ ββ = = β΄β΄

50:5050:50 ββ ββ = = β΄β΄

60:4060:40 ββ ββ = = β΄β΄

70:3070:30 ββ ββ = = β΄β΄
Palm Palm 
stearinstearin ββ



Conclusion Conclusion 
Chemical aspectChemical aspect

Interesterification process had caused some Interesterification process had caused some 
changes in chemical composition of PS:CO changes in chemical composition of PS:CO 
blends that determines the physical and blends that determines the physical and 
nutritional value of palm nutritional value of palm stearinstearin. . 
The nutritional properties of palm The nutritional properties of palm stearinstearin has has 
been increased by incorporation of canola oil to been increased by incorporation of canola oil to 
produce high percentage of essential fatty acids produce high percentage of essential fatty acids 
and low transand low trans--fatty acid potential for fat spread fatty acid potential for fat spread 
application.application.



Conclusion Conclusion 
Physical aspectPhysical aspect

Based on SMP and SFC results, some of Based on SMP and SFC results, some of 
the IE blends are suitable for margarines the IE blends are suitable for margarines 
and shortenings.and shortenings.
Improvements are however required for Improvements are however required for 
attaining suitable polymorphism and other attaining suitable polymorphism and other 
required characteristics.required characteristics.
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