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Optimum processing conditions on palm oil-basednidations are required to produce the desired uali
margarine. As oils and fats contribute to the overall propesfythe margarine, this paper will review the
importance ofy’ tending oils and fats in margarine formulatioffeets of the processing parameters - emulsion
temperature, flow-rate, product temperature andamrker speed - on palm oil margarines producedthent
subsequent behaviour in storagealm oil, which contributes tH& crystal polymorph and the best alternative
to hydrogenated liquid fats, and the processinglitmms can affect the margarine consistency bluérfcing

the solid fat content (SFC) and the types of crystdymorph formed during production as well astiorage.
Palm oil, or hydrogenated palm oil and olein, irxtuie with oils ofB tending, can veer the product to fBie
crystal form. However, merely havin§’ crystal tending oils is not sufficient as the pessing conditions are
also important. The emulsion temperature had naifgignt effect on the consistency and polymorphic
changes of the product during storage, even thadifferences were observed during processing. The
consistency of margarine during storage was higbvatemulsion flow-rates and low at high flow rat@fe
temperature of the scraped-surface tube-cooléreisrtost important parameter in margarine procesditigh
temperature will produce a hardened product withmédion of3-crystals during storagel'he speed of the pin-
worker is responsible for inducing crystallizationt, at the same time, destroys the crystal aggiates
resulting in melting.

Key Words: crystal polymorph, margarine, crystallization, SFC, consistency.

Introduction final product are discussed in this paper. Thiglariill
Margarine and table spreads are water-in-oil emnssi review several aspects of margarine fats selectidrich
The aqueous phase consists of water, salt and pat¢ises. includes the chemical and physical properties aysdtal
The fatty phase, which contributes to the polymardie- behaviour of the oils and fats, preparation of fgoade oil,
haviour of margarine, is a blend of oils and fak®cithin, the modification processes, production of the nmiamngs,
distilled monoacyl glycerol and diacylglycerol a@mmon new developments in margarine formulations and ycbd
emulsifiers added together with flavouring, cologri properties.
agents and antioxidants.

A good margarine should not suffer oil sepgargtdis- Factors controlling the selectivity of oils and fatsfor
colouration, hardening, sandiness, graininess aaérge- margarine
paration: The oils and fats, process conditions and hanGhemical composition
ling methods used should be selected so as nobtlupe a An oil/fat is mainly comprised of triacylglycerolTAG)
strong crystal netwofk crystal migration and trans-molecules. Three fatty acids are attached to a mijce
formation of - to B-crystals. The major effort in mar-backbone to constitute a TAG molecule. The number of
garine production should be for the product torbéhef3’- carbons in the fatty acid chains, the degree afratibn and
crystal form as it would then be smooth, creamy anide dominant fatty acids are the important factdfecting
homogenous. Th@-crystal form, on the other hand, willthe TAG properties. The fatty acid content (FAC) can be
produce a margarine that is post-hardened, brigtiginy, determined by gas liquid chromatography (GECVhen a
sandy, oiled out and grea3y.

The solidification of oils and fats in margeei pro-
cessing is not a simple process. Therefore, thae awtivity

[ i ion i izati #scand i e ;
N margarne pI’Od.UCtIOI’\ is crystallization of thds_ Board, Persiaran Institusi, Bandar Baru Bangi, 4300Qajang,
fats. The processing parameters, such as emuksiopet- Malaysia
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fatty acid chain contains one double bond itmeno- that texture and consistency are not correlatedh wie
unsaturated, while a chain with two or more double bonds SFC, but instead with other factors such as thegasing
is polyunsaturated.” The number ofdouble bondsin a conditions and crystal lattice of the product. ufe 1
fatty acid ester radical will significantly faét both the shows the SFC profiles of selected margarines. Hrey
physical and chemical properties of the TAG to whitads  represented by the different curves achievsdre-
attached. As the number of double bonds decreasthe blending several oils and fats withifferent charac-
chain length increases, the melting point of theyfacids teristics®**?

increases progressivelyThe FAC has a great influence on

the physical properties of the oil/fat as discusbetbw. Polymorphicform

The degree of unsaturation of a fat is determingdtd According to Nawar, polymorphic forms are the solid
lodine Value (V). Principally, IV is the amount imdine  phases of the same chemical composition with differ
(in g) absorbed by 100g of the fat under the testlitions. crystalline structures, but which vyields identidajuid

It does not predict the likely product behaviouhieh is phases on melting. Timristated that polymorphs are the
better done by either the SFC or differential saamalo- different forms of the solid state. According tolties*
rimeter (DSCY The temperature at which the lowest TAGpolymorphism is the ability of TAG molecules to eviis a
melts is the slip melting point (SMP), which idlirenced number of crystal forms. TAGs can crystallize iffetient
by the chain length (the longer the chain, the déigihe polymorphs with the four major forms being super, '
SMP), degree of unsaturation (more unsaturativesga andp.* However, the fat crystals in margarine and shor-
lower SMP) andtrans fatty acid content (TFA) (unsa- tening are only i’ and p forms® A pure TAG would be
turated TFAs give a higher SMP than the correspunes  most stable in th@ form, but a mixture of TAGs will be

acids). most stable in th@' form.® According to Nawap, trans-
formation from one polymorph to another can occuthe
Solid fat content (SFC) solid state without melting. The change is from libwest

The solid attributes of a margarine fat through m-te to the highest melting point, that ig, > B 2> B, or
perature range is characterized by its SFC or $afithdex towards the more stable form. When the crystal &atrm
(SFI) profile. SFC is an important property ofaihor fat, transforms3’ - B, the SMP increases by 2-3°C.

and is the ratio of the solid to the total phasa particular Nawar listed several factors that influence poly-
temperature. SFC is measured by nuclear magnetic reorphism, for example, purity of the fatty acidemt
sonance (NMR) spectroscopy as the number of pratonsperature, rate of cooling, presence of crystal giwahd the
the solid state over the total number of protonthmfat, type of solvent usedThe '-crystal polymorph occurs as
i.e. in both solid and liquid statésThe SFI is determined single needle-shaped crystals about Bri7long, while the
by a dilatometer, and is a measure of the speeifitme [(-crystal polymorph is 20-30n long. The smaller the
of a liquid oil or liquid/solid mixture subject ta tem- crystal, the smoother is the product, while biggesstals
perature increase. will impart a coarse, grainy and brittle textdre.

The consistency of margarine at any tempegatan be The individual oil and fat crystallizing naslly will be
predicted from its SFCor SFI at that temperature. Thein the predominant form as shown in Table According
SFC and crystal components are responsible foctine to deMan and deM&rand Petef,the product character-
sistency of the margarirte.Moziar et al.,*® however, felt  ristics, especially during storage, are to a lageent in-

80 fluenced by the crystallization habit and the padyphic
behaviour of the high melting acylglycerols. Inrgarine
and shortening’-crystals are desired for a better product
with a smooth mouth-feel, and better entrapmerigoid
oil because of the spherulitic structure forrfietlence, in
formulating blends with good-crystal stability, Petér
suggested to strongly avoid having mainly one tgbe

70 A

60 -

501 TAG or closely similar TAGs. A range of fatty acidain
< lengths should always be present in a blend. Blamith
Z 40+ hydrogenated palm oil were reported to produce lxde
@ shortenings® Palm oil, besides having an SMP (32-36°C)

30 | close to body temperature, has two other impodaman-

tages: it is stable and influences other oils tgstallize

20 stably in thep’ form.*®

Table1. Crystal polymorphic tendency of selected oils

10 - and fats

B-crystal form '-crystal form
0 , , , , , : , Cocoa butter Cottonseed
5 1 13200 25 30 35 40 Soybean oil Palm oil
Temperature © Corn Rapeseed oil
Figure1. Typical SFC profiles of dlfferermargarlne Coconut Tallow
--M-- table refrigerately --@-- pastry, --®-- Palm oif. Lard Milk fat
--A - table non- refngeratédSource1Bergeil 2deMan Source: HUR

and deMaf 3Hui'?
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Table 2. Contribution of TAG carbon numbets the
formation off’-and 3- crystals in margarine

TAG Probable contribution of TAG ( %)
composition
[’-crystal form B-crystal form
C50 7.6-12.8 % 22-31%
C52 20-42.6 % 15.9-19.9 %
C54 46.6-51.1 % 68.9-69.2 %

Source: deMat al*

The palmitic acid content, distribution andsiioning
of palmitic and stearic acids on the TAG molecdlegree
of hydrogenation and randomisation determine the cr
stallization habit of the fat. Closely related T&@on-
tribute to theB3-crystal form, while heterogeneous acids ar
stable in thegd’ form. Palmitic acid in then-1 or 3 of the
TAG helps stabilize the fat in this form. deMan an
deMarf suggested that the combined factors of fatty ac
diversity, palmitic acid content and its positionthe TAG
influence the crystallization if’- or B-crystal form. Corn
oil and soybean oil are low in palmitic acid. Bdilerefore
tend to crystallize in thg form (Table 2). However, palm
oil, cottonseed oil and butter are high in palméad and,
therefore, have @'-crystallizing tendency. They suggeste
that for an oil or fat to be in th@-crystal form it should
have diversified fatty acid chain lengths. Therefanixing
oils and fats with C18 and C16 chains should imprthe
margarine formulation. deMaet al.,* studied the blends
of commercial margarines to determine the relatigns
between their TAG carbon numbers and polymorph
forms.

Table 3 shows that a margarine tends to Hedrystal
form when TAG C50 is4%, C52<20% and C54-68% of
its composition. Palm stearin, the hard fractidrpalm
oil, is high in C48 TAG, or tripalmitin (PPP). PR$[-
crystal tending® However, the liquid fraction of palm oil
is high in C50 and C52, both of which ap&crystal

tending® Such crystal type is desired in margarine ana

shortening. A study by Yapt al.,? on various palm oil
fractions showed that palm stearin is least stabtbe [3'-
crystal form followed by palm oil. Hydrogenatedsoare
generally accepted as promoters [@¥fcrystallization and
are, in fact, the most stable promoters of allMdeet al.,*

Table 3. Crystal polymorphs contributed by the major
TAGs in palm oil

TAG Content (%) Crystal polymorph
PPP 8 B-2

POP 33 B-3

PPO 6 -3

PlinP 9 Subf-3

POO 39 p-3

000 5 B-2

The overall polymorphic form of palm oil f’-2 with some (3-2
Abbreviations:P, palmitic acid (C16:0); Lin linolenic acid (C18);
O, oleic acid (C18: 1). Source: Tinhs

and Yapet al., ®* compared fully hydrogenated oils with
liquid oils and palm oil with liquid oils in polyniphic
studies. They found that a mixture of liquid afld palm
and palm oil was the most stable in fBecrystal poly-
morph. Another study by Souzt al.,*® on the chemical
and physical properties of high melting acylglydgro
(HMG) in commercial margarines revealed that mangar
made from canola oil exhibited tifiecrystal form whereas
canola/palm oil and soybean oil/corn oil margarines
showedp'-crystallization. At 15°C, margarines with <11%
palmitic acid (C16: 0) were in th@-crystal form, while
those with=17% were in thg¥'-crystal form. Margarines
with >70% C54 were3 tending while those witk50%
were inf3’-crystal form.

A further study on the polymorphic stability shor
tenings found that addition of palmitic acid frohrethard
fat of palm oil to a formulation witl-crystal tendency
gaintained the product in tifg-crystal form® Addition of
20% palmitic acid to the formulation did not charitpe3-

§rystal form, but with 30% palmitic acid the protitierned

igto thep'-crystal form.

Category of margarines

Since its development, margarine has been endlessly
dified and improved, giving rise to the range obducts
now available in the market. Margarines can be -cate

dgorized by their hardness and melting point of rtifies -

hard and medium plastic margarines for baking (bake
margarine), and medium plastic and soft margarioethe
table (table margarine).

Bakery margarine

il(‘:;akery margarine is used like shortening - as bakat;

and in short pastry, cakes, cookies, breads antligsds
Bakery margarine, like its counterpart, shortenihgs a
wide plastic range. Thus, within limits, the protiuare
inter-substitutable. Generally, however, bakerygagne

is firmer and requires no refrigeration. It isrfarlated to
withstand dough working and, at the same time, ideov
lubrication for cake leavenirfgPremium bakery mar-
arines produce a high cake volume and stable cream
alm kernel oil (both unhydrogenated and hydrogst)at

is commonly used in the products.

Table margarine

Table margarines are of two types - refrigerated raomt
refrigerated - both spreadable at room temperattefri-
gerated margarine is either soft or block type.e Boft
type margarine is spreadable straight from theégesfator
and should not suffer any oiling out, while the dddype
should be sufficiently firm to retain its shapepackets.
Soft margarine is packed in plastic (polypropyletuby, as
sticks or blocks wrapped in parchment, and the semi solid
type incans. Softstick margarine is firm and maintains its
shape at room temperature for a reasonable *tiffigs
margarine has very similar consistency to butted &n
formulated to have a steep SFC curv@an margarine
does not require refrigeration and is used as aaspon
bread as well as for making bread, cookies andntrea
Can margarine is formulated to have a wide plastigean
for general use.
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Characteristics of margarine

Margarine can be considered a bacteriologicallg gab-
duct. The only concerns are the chemical and/gsipal
defects caused during or after production. The ptessi
defects during production are lumpiness, waterinag-
dening, discoloration, mottling, saltiness and gimass,

undergo considerable post hardening, becomindebaittd
hard-textured™*” Crystallizing the product as much as
possible in the scraped surface heat exchanger EBFSH
will contribute greatly to good spreadability andne
sistency.

while the defects in storage include sandiness; di®il separation

coloration, hardening, oil separation and greasiheBor
margarines made with good raw materials, the defeat
only be due to processing and handling. The overal
duct quality summarizes the product characteristi€s
spreadability, texture and consistency and polymiorp
behaviour:*

Spreadability

This is probably the most important attribute fdyléamar-
garines and spreads. To the consums@eadability is the
ease with which the margarine can be applied ihim t
even layer on bread. According to deMaal, “the pene-
tration yield correlates very well with spreaddbiliTo
produce a spreadable margarine, three conditiomser
cessary: 1) the two phases of liquid and solid milst co-
exist, 2) the solid crystals must be sufficientipety
dispersed throughout the entire mass to be effdgtiveld
together in the crystal matrix by internal cohediwee. In
turn, the matrix should be able to prevent the agted
liquid from seeping away, and 3) the proper praposg of
solid and liquid should be at a certain temperatume the
crystals should melt at below body temperatufe. A
product with 10-20% SFI at the séing temperature will
have good spreadability.

Consistency and texture

Consistency is the measure of smoothness, evemamess
plastic state in margarine. It can range fnaary soft, like
petroleum jelly, to soft, medium, firm, tough, haatd
brittle. Texture is a measure of the structurevattes from
smooth to mealy or floury, grassy, granular or saaadd,
finally, coarse and lumpy. According to Greenwélthe
consistency and texture of margarine is principdiypen-
dant on the processing techniques and the oil atsduked
in its manufacture.

In cases where the oils and fats crystallloavly, the
margarine hardens during storage. This phenomeson
known as post-hardenirfgOils and fats having more than
30% of their TAGs as POP are slow to crystallized a
therefore susceptible to post-harderfinglthough POP
has a melting point of 30°C, it crystallizes only28°C.
The big difference between the melting and crygialj
points makes for a long crystallizing time (slovystalli-
zation rate).

Post-hardening is caused by inappropriate gasing
conditions. A product over-stirred during superaagl
produces excessive small crystals. The structulebei
too compact, reducing the size of the capillariesbe-
tween the solidS’ This increases interlocking of the
framework, restricting movement of the solids. Mg
cosity then increases leading to an increase ftidmess’.

Mechanical work applied during fast coolingguces
margarine with better consistency and stabilityowedver,
if the margarine has not had sufficient work, ayéanum-
ber of its primary bonds will still be intact ant will

Oil separation occurs when the crystal matrix is in
adequate to entrap the liquid oil. This occursabse of
transformation of the crystals to tHgform.™* The B-
crystals continuously grow bigger (causing sandipastil
the network can no longer retain its lattice suetto
entrap the liquid oil. The liquid oil then exudesrh the
product and the aqueous phase coalesces. Themprible
serious for stick margarine but not for soft tubrgaaine.
The susceptibility of a margarine to oil separatiam be
determined by placing a sample of defined shape and
weight on a wire screen or filter paper at 27°C 2dr48
hours and then measuring the oil exutfedDil separation
at a particular temperature has strong relatichedSFC.

Sandiness

According to NawaP, deMan and deMarand Timms;
the B’ polymorph is the desired form in margarine and
shortening. deMan and deMastated thaf’ has very
small crystals so that it can incorporate a largiime of
liquid oil in the crystal network giving a smootbonti-
nuous and homogeneous product. It was also pomied
that thep’-crystal form gives the margarine surface a gloss
in contrast to3, which produces a dull and mottled look.
The B'-crystals not only provide a good texture to mar-
garine but also contribute to good whipping chamastics.
According to Nawar, the small crystals help to trap and
hold air during whipping.

In general, the3-polymorph is not desired in mar-
garine, although desired in pastry margarine ferguust'®
The B-crystals have the tendency to grow bigger and
bigger into needle-like agglomerates. This is more
common in homogenous TAGs. The large crystalarnp
a sensation of sandiness in the mduoft margarines are
more prone to polymorphic transition than the hangs
because of the low SFCs in the soft oils uSetihis
usually occurs in formulations with oils and fatat fa-
vour theB-crystal form, inappropriate oil: solid ratios and
processing conditior’s.The B-crystal polymorph cry-
stallizes at a higher tegerature than th@'-crystals and

Mroduces margarine of stiff and hard consistendyichvis

ideal for piecrust and desirable in pourable shmamig
The B-crystal polymorph will support formation of a sbli
suspension in liquid oil, making the product polgab

Oil and fat blends

A blend is a simple mixture of different oils anatd in
binary, ternary, etc. systems. The oils and fa¢slwsn be
bulk oils, hydrogenated oils, interesterified ods their
combinations. The formulation of blends is maddegas
by classifying the oils and fats into various catégg,viz.
soft oils, semi-solid fats and hard fats (Table #he SFC
and SMP are used to predict the suitability of tteffor
various uses and climatic conditiohs.In addition, the
recent ability to detect lard in blends with aninfats by
Che Man and Mirghahiiusing the Fourier Transformed
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Table4. Selected oils and fats categorized by their SMpsMargarine processing

Soft Oil Semi-Solid Fat Hard Fat
Soybean Butter oil Palm Stearin
Cottonseed Palm oil Tallow
Sunflower Lard Hard fraction of
butter oil

Rapeseed Any oil hydrogenated to

SMP 32-34°C
Peanut
Sesame
Canola
Palm olein

Source: BergéfL

Basic margarine processing comprising five openatie
emulsification, cooling (supercooling), working &ptica-
tion), resting and packagitf- is briefly discussed below

(Fig. 2).

Effect of emulsion temperature

The two most prominent changes during processing of
margarine are an increase in tBEC and temperature of
the product due to the latent heat of crystallization re-
leased. When the holding temperatures of the éomuls
were 40, 45 and 50°C, the SFCs in the tube cootaew
15.9, 13.9 and 15.6%, respectivélyfowever, the SFCs of
the products at the exit of the pin-worker avera@éd,

Infrared (FTIR) spectroscopy has given a boost to- mal4.1 and 15.8%, respectively. The 45°C and 50°Cl-emu

garine formulation. Using this method, the bleratsl
ratios by any manufacturer can be easily deciphered
According to Chateris and Kedgh blend with 15-30%
SFC at 10-30°C will make a spreadable margaringoofl
plasticity. Conversely, with 10-12% SFC in the satiem-
perature range, the product will be greasy and waky
margarine formulation for temperate countries stidizve

ions had only slightly higher SFCs in the pin warkean

in the tube cooler. According to Miskandsal.,? although
the pin-worker promoted crystallization, the medbah
heat it generated, in addition to the latent hedatry-
stallization released, melted some of the metdestab
crystals. The mechanical action of the pin-workksoa
destroyed some of the crystal bonds creating amemely

20-25% SFC at 15-20°C. A SFC of 15% ensures austod large number of small crystals and increasing tR€%5
of good consistency spreadable straight from tHe-re The penetration yield (g/cihof the samples at emulsion
gerator. According to Hdf to prevent margarine from temperature of 40°C exhibited the highest consisteat
oiling-off, or oil separation, 3-4% SFC at room f&m Week 1 but was unstable during storage, while tiero

erature suffices. However, this requirement isy @appli-
cable to pourable (squeezable) margarine.

two samples took one week to equilibrate (Fig 3.)

AQUEOUS PHASE

Sampling
Paint X

Sampling Point Y

A unit C unit

OIL PHASE
V—}
MIXING
TANK
PUMP
Sampling <<
Point Z

*——Hﬂﬂ‘

( « [

Figure2. Schematic diagram of margarine processing. SoMizkandaret al .2

In order for the product to melt cleanly withouavéng any
waxy aftertaste in the mouth, the SFC should b&%3at
33.3°C, and the product fully melted at 37%@ cooling
sensation is another important criterion for tahkrgarine.
A steep melting profile between 15-25°C will givesian-
taneous absorption of the heat of crystallizatiod an-
part a cooling sensation to the tondue.

Crystallization occurred earlier in the tube coatausing
minimum crystallization in the pin worker as indied by
its low product temperature. However, the cryiation

in the tube cooler was not very homogenous andrbeca
somewhat undone by the agitation of the pin wovkeich
broke some of the crystal agglomerates. The lithe
stallization as shown by the low product temperg and
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Table5. Polymorphic transformationf palm oil margarines made at different emulsiemperatures during storage at 28°C

Margarine made at
Emulsion Temp (°C)

Storage time

Wk 1 Wk 2 Wk 3 Wk 4
40 P P B+B (B>>>p) B'+B (B>>>p)
45 p p p P
50 P P p B

Source: Miskandaat al.?

the broken crystal bonds enhanced the formaticrystal
aggregates that eventually led to formation of bigger
crystals as shown by the transformatiorefto 3-crystals
at the end of the fourth week (Table 5).

Effect of emulsion flow rate

The speed the margarine emulsion passes through
scrape-surface tube and pin-worker system willcaftae
end product. Too slow a rate and the margarinerbeso
hard and brittle as the emulsion is too rapidly ledd®
The crystallization rate is so rapid that the cigstédtach to
each other too fast to orientate themselves intterbogosi-

at different emulsion flow rates. Palm oil canoatielay
the transformation df’-to (3 form, as was found by Yas
al.,'® from blending palm oil with several other vegetabl
oils.

Effect of the scraped-surface tube cooler temperature
Waeen a bulk oil crystallizes, the whole mass doetsdo
so at the same time. Instead, the process statiscaete
sites where the temperature has fallen sufficiefaycry-
stallization points, or nuclei, to fordiThus, when a molten
fat cools naturally, a granular product is produdee to
the slow crystallization of the individual acylggmls’®

tion.** Too high a rate gives insufficient cooling, promoWith faster cooling, the crystals become smallet amre

ting post-crystallization and hardening, especialipacket
margarines.

The consistencies (penetration yield) of thergarine
samples processed at different flow rates startédhe
same and developed along the same trend. Howwithr,
storage, they diverged in consistency due to tlystalr
arrangement and degree of crystallization althoalytof
them had very similar such characteristics to thedsadu-
strial margarines.

uniform?*  With instantaneous chilling, the high and low
melting TAGs develop mixed crystdls.Furthermore, by
stirring, the high and low melting TAGs will crydiaé at
the same time, causing rapid coolihgrhus, an emulsion
passing through a cooling surface at the lowesp&zature
will receive the greatest cooling to form the maostlei
and crystals, followed by the samples at increggihigh-

er temperatures. However, the sample on with $owe

The high SFC with low flow mate cooling surface will suffer the highest reductionSFC in

caused the formation of a strong crystal networkhwithe pin-worker. As the cooled emulsion passesttbe

narrow capillaries in between. This condition did alow
easy crystal movement and therefore caused theaniaeg
to firm up until the third week. Only when sometioé low
melting acylglycerols started to melt during staralid the
consistency gradually reduce. Palm oil, as fherystal

cooler, crystallization will continue rapidly inétpin-rotor
but with little net crystal growth as the mechahiaetion
of the pin-worker will cause some crystal destrctio
reduce the SFE&.Crystal development of the sample
higher temperatures will be less rapid in the tabeler.

at

promoter’?> was able to retain its polymorphic behavioutHowever, there will be higher net developmént the

160
150
140

s_\A_____

—A.

~

130
120 A
110 A
100 -
90 A
80 T

o

-

Yield value g/cm2

el — — -
'-_.. T~
-----.\_"

wk1 wk2

wk3 wk4

Storage

— 44— -C40 =——8—(C45 = ® = C50

Figure 3. Penetration yields (consistency) (gf¢mf palm oil margarine processed under diffeemntision temperatures
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Figure4. Penetration yields (consistency) (gfemf palm oil margarines processed at three taméer temperatures and
stored at 28°C. Source: Miskandtal. *

The sample produced from high pin worker speed, kwhic
subjects it to great agitation and crystal agglatede-
struction, will have a large number of very smaijstals.
The very small aggregates can form a very compastalr
structure that gives a hard product and heavy miaeath

pin-worker. The least crystal development in thigetcoo-
ler will be in the samples at the highest tempeeatu

Destruction of the crystal agglomerates wéliiuce the
crystal size and cause more even crystal disper3iba
penetration yields for these samples were low, drat
dually increased with storag@roducing a more consistent
product (Fig. 4). The crystal polymorphic develanof
the margarines during storage was in mixturef'ofand
B-crystals with moref’ in the sample at lower tem-
perature, and predominantB crystals in the sample at
higher temperature.

Conclusion

Selection of oils and fats and the processing cimmd,
such as temperature, agitation and product flowstat
should be done with great care in margarine pratgss
Characterization of the polymorphic tendency wéliat in
the selection of oils and fats. Margarines are yola-
coming more customized, catering to the demandthéy
new life style. The oils and fats for margarine banme
dified to tailor-make the desired SFC for the prctdu

Effect of pin-worker speed
The pin-worker, besides further crystallizing theusion,

also physically breaks up and works the crystalsmte

prove the texture of the final product. Bfuieported that a
high pin-worker speed gives a soft and overworkedipct

in spreads. The mechanical work also raises th@dean

ture in the pin-worker by 2°C or more by the lathaat of

crystallization®?

super-cooled by the refrigerated tube surfacejatimp

crystallization. According to HUf differences in SFC 2.

suggesting an increase in retention time causedhby
higher speed will be noticed. The rotation of the-p
worker will create resistance to the product floWhe
rotating blade of the scraped surface heat exchanije
then force more emulsion to the refrigerated serfes
sulting in more heat being extracted. The emulsudh

therefore cool more, reducing the induction timedues. 4.

The high melting acylglycerols will start solidify in
the tube cooler and increase the SFC. The gradtralase
in consistency occurring with a low pin worker spas
due to insufficient agitation of the crystal bondghis will
leave an increasingly stronger crystal network \stthrage.

o
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