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INTERESTERIFICATION



i Interesterification

Interesterification involves an exchange of acyl group
among triglycerides.

Acyl groups may exchange positions within a
triglyceride or among triglyceride molecules.



‘L Interesterification




i Probablity of Different Triglycerides Formation

If A, B, and C are the molar percentages of fatty acids A, B, and C
for a commercial oll,

Then, molar percentage of glycerides containing only 1 acid is:
% AAA =A3:10,000

Molar percentage of glycerides containing 2 acids is:
% AAB = 3A%B : 10,000

And molar percentage of glycerides containing 3 acids Is:
% ABC = 6ABC : 10,000



Intraesterification, Interesterification and Equilibrium Mixture.
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Random Interesterification

A. —— S (Stearic acid 35%) B. —— S (50%)
—— O (Oleic acid 30%) — 0O (40%)
— L (Linoleic acid 35%) — L (10%)

After random interesterification, the triglyceride compositions are:

Sample A Sample B

Triglyceride % Triglyceride %
SSS = 4.3 SSS =125
000 = 21 000 = 64
LLL = 4.3 LLL = 0.1
SSO =11.0 SSO = 30.
SSL =12.8 SSL = 75
OO0S = 95 00S = 24.
OOL = 95 OOL = 438
LLS =12.8 LLS = 15
LLO =11.0 LLO = 1.2
SOL* =22.0 SOL* =12.0

*Total triglycerides containing 3 different fatty acids.



i Catalysts

« High temperature catalysts: KOH and NaOH

« Low temperature catalysts: Sodium Methoxide (NaOCH 3)



i Reaction Mechanisms

1. The formation of enolate 1on
2. The formation of Beta-Keto ester

3. Interesterification



i Catalyst Function in Interesterification

Initial removal of an a-proton by the base catalyst
leads to the charge delocalized enolate anion.
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Enolate lon Formation
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Mechanism for Intramolecular Ester-Ester Interchange
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Mechanism for Intermolecular Ester-Ester Interchange
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Mechanism for Intermolecular Ester-Ester Interchange

Interesterification

Beta-Keto ester formation L
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i Random Esterification

Interesterification can be carried out to an equilibrium
condition, at which point the fatty acids assume an
almost random distribution among triglycerides.



i Direct Interesterification

Interesterification can be directed away from
Its usually random end-point if the fat Is
allowed to crystallize during reactions.

The trisaturated glycerides crystallize first.



i Directed Interesterification
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Stearic-Stearic-Stearic
Oleic-Oleic-Oleic
Linoleic-Linoleic-Linoleic
Oleic-Oleic-Linoleic
Oleic-Linoleic-Linoleic

33.3 mole % solid
8.3 mole % liquid
8.3 mole % liquid

24.9 mole % liquid

24.9 mole % liquid



i Applications

Shortenings: The proportion of palmitic acid in the
2-position is reduced from about 64% to 24% on
random interesterification.

Randomization of lard improves its plastic range and
thus makes it a better shortening than natural lard.



i Plasticity and Consistency

Plasticity Is the changes in consistency as a function of
temperature.

Consistency Is the apparent hardness at a temperature

L




i Margarines — High Stability Margarine Blends

1. 75 % (co-randomized 40 % coconut oil / 60 % palm oil),

2. 10 % (co-randomized 50% coconut oil / 50 %

hydrogenated canola oil) and
3. 15 % hydrogenated soybean oil

|

Good spreadability, high temperature stability, and good eating
qualities.



i Nutritional Margarine Blends

High polyunsaturated content and low-to-zero
trans-acid containing margarines are produced by
Interesterifying a blend of liquid oil and a fully
hydrogenated oil.



i Confectionary Fats

Hydrogenated palm kernel oil is a hard butter melting
at 46°C and produces a waxy feel in the mouth.

On randomization, its melting point is reduced to
35°C. By blending hydrogenated palm kernel oil and
Its randomized product, a whole series of hard butters
with highly desirable melting qualities (rapid melt in
mouth) are obtained



Confectionary Fats from Blend of Hydrogenated and
Interesterified Hydrogenated Palm Kernel Oil

SCI
Fat M.P.(°C) 10 20 35 38
Hydrogenated palm 46.8 742 67.0 154 117
kernel oil (PKO)
Int. hydrogenated 35.0 65.0 499 14 11
PKO
50% hydrogenated 41.7 700 574 87 52

50% int. hydrogenated




Effect of Randomization on SCI of an 80:20 Mixture of
Lightly Hydrogenated Soybean Oil and Palm Stearine
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Cross-Sectional Structures of Triglycerides

Beta Prime Beta



Double Chain Length Structures of Triglycerides
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Alpha Beta-Prime Beta
(Vertical tuning fork) (Tilted tuning fork) (Stacked chair)



Characteristics of Triglygeride Polymorphs

Alpha Beta-Prime Beta
Platelet Fine needle Long needle
5u 1w 25-50 n

Most loosely packed  More closely packed  Most closely packed
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Aspek sifat fungsional
« Baking (creaming, whipping, emulsi, dll)
« Confectionery (moulding, coating, filling)

« Frying and spray/release (stabilitas tinggi
terhadap panas dan oksidasi)




APLIKASI SPECIALTY FATS

- DIPANDANG DARI 2 ASPEK :

“(lebih sehat dan alami)

« Kandungan dan distribusi asam lemak

« Kandungan mono- dan digliserida

« Omega-3, omega-6, lauric acid, MCT

« OPO pada HMFS (Human Milk Fat Substitute)




CONFECTIONER |
Y FATS

CBE CBR
(Cocoa (Cocoa
ShisEdr Butter

Equivalent
- |\3 - Replacer)
Coating &
(e Creaming
Butter Fat
Substitute)
Milk Fat
Replacer Spread Fat

BAKERY

OIL/FAT

Margarine
Shortening
Butter Oil
Substitute
(BOS)
Spray Oil

Release Oil

KATEGORI PRODUK SPECIALTY FATS

Y |
OIL/FAT

Frying Oil /
Shortening

Salad Oil



TANTANGAN PADA PRODUK SPECIALTY FATS

CONFECTIONE | BAKERY l CULINARY

RY FATS OILARAT OIL/FAT

tragsggfat
- LowVans fat _Lowsat - Loytrans

-Low saturated

- Lv sat

fat fat fat
- Non - Low - Low sat fa3t
hydrogenated calorie ' L?WH?aLOr'e
- Natural high - High Stabilityg(heat
o0 stability and cold)
- Balance - High Oleic
FAC (06 :
@3) - Bioactive

compound
S



Produksi bahan sumber ) Bioteknologi tanaman,
minyak/lemak mikroba, dan ternak

Proses produksi )
minyak/lemak

Proses pemurnian
minyak/lemak )

Proses modifikasi
minyak/lemak

Non-pelarut
Perlakuan enzim

Proses fisik
Perlakuan enzim

Fraksinasi khusus

IE Kimiawi
|IE Enzimatik




PROSES MODIFIKASI MINYAK/LEAK

| /,s"/ !." I*‘-\ \\

Polusi Lingkungan Tinggi Medium Rendah

Kompleksitas Tinggi Medium Tinggi

Lemak Trans Tinggi Rendah/Medium Rendah

Biaya Tinggi Medium Tinggi
Hidrogenasi Interesicerifikasi Fraksinasi

Blending




CBR — COATING FAT

Komersial LT CBR 1 LT CBR 2
Bahan Baku Palm Oil Palm Oil Palm Oil
Proses Fraksinasi Fraksinasi Fraksinasi
Hidrogenasi | spesifik dan spesifik,
Hidrogenasi | Hidrogenasi,
dan Blending

SFC (%)

100

——Homerszisl
—m— | TCBR 1

LT CBR 2

20 23 30

Suhu (degC)

33

40



CBR Moulding Fat

NA i

CBR Coating Fat

Komersial LT Komersial
‘Bahan Baku Palm Qil Palm Oil dan Palm Qil Palm Oil dan
_- Palm Kernel Oil Palm Kernel Oil
Proses Fraksinasi dan Fraksinasi, Fraksinasi dan Fraksinasi,
Hidrogenasi Parsial Hidrogenasi, Hidrogenasi Parsial Hidrogenasi,
Blending, IE Kimiawi Blending, IE Kimiawi
IV (Wijs) 53 8 52 10
SMP (°C) 35 36 40 40
Trans Fat (%) 40 0.2 39 0.2
6D
T

SFC [%)

SEC (%)

—s—CBR 1 (W)Homersal
" &-LT CBR 1 (M)

10 15 Ful 25 ) 35 40

Suhu (degC})
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w
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10 LTCBR 200 '

10 15 20 25 = =5 an

Suhu (degC)



| MARGARINE/SHORTENING FAT 2N
j Hardstock Fat Margarine/Shortening Fat
Komersial LT Komersial LT
-Bahan Baku Palm Qil Palm Qil SBO Palm Qil
Proses Hidrogenasi Fraksinasi, Blending, Hidrogenasi Fraksinasi,
Parsial Hidrogenasi IE Kimiawi
IV (Wijs) 28 22 77 56
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LTFa
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= 2
= 3 &0 &
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& 7 40
0 x
20 \
—a—Hard Fat Komersial | 10
10 LT Hard Fat . -
0 0 v
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Suhu (degC) Suhu (degC)
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CPO
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PMF (PALMMID

FRACTION)
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COCOABUTTER
EQUIVALENT(CBE)
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KANDUNGAN SUS PADA BEBERAPA LEMAK EKS

—CocoaButter—
e Palm Mid Fraction 79%

e Shea Oil

e Shea Stearin

e Sal Oil

e Sal Stearin 64.5%

e Mango Kernel Oil 47.5%
e Mango Kernel Stearin

e |llipe Butter

e Kokum Fat 80%

e Mowrah Stearin

75%
38.5%

80%
54.5%

69%
83%

79%




PENGGANTI LEMAK COKLAT - CBE |\
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Bahan Baku Lemak Coklat Palm Oil dan SBO
Proses Ekstraksi dan Fraksinasi,
Refining Hidrogenasi,
|IE Enzimatik,
Fraksinasi Spesifik

31
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Lemak Eksotik

Shea Stearin Sal Stearin lllipe Butter Novel
Bahan Baku Shea Qil Sal Fat lllipe Fat SFO dan SBO
Proses Ekstraksi/Fraksi- | Ekstraksi/Fraksi- Ekstraksi dan Hidrogenasi, IE
nasi, dan Refining | nasi, dan Refining Refining Enzimatik,
Fraksinasi
IV (Wijs) 35 34 32 30




SFC (%)
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genetika tanaman di Eropa

dipenuhi oleh minyak sawit
elah dikembangkan high-oleic oil dengan rekayasa

Asam Lemak .| High-Oleic | Sunflower High-Oleic :
(%) Rapeseed Ol Rapeseed Oil oil Sunflower Oil Palm Olein
C16:0 4 4 4 4 39
C18:0 2 2 4 4 4
C18:1 61 75 25 80 43
C18:2 20 15 65 10 11
C18:3 10 2 tr tr tr




