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ABSTRACT:Palm oil based Shortenings and margarines are Granular erystals in palm oil based shortening
important products within the lipid industry. However/a
widespread quality deterioration issue is often repprted J

regarding their long-term storage: the appearance of g

_ \
crystals or grains that are regarded as unwanted because of the S 7
de ecting visual appearance and the negative mouthfeel

during consumption. In this review, the role of fat blends s s = = ‘
composition, crystallization process and storage conditipns in

the formation and growth of these unwanted granular cr
will be discussed and summarized. In addition, some potential

approaches in preventing the formation of granular crystals in palm oil based shortening and margarine are also introduce

INTRODUCTION 10°C after $6 months Figure ). Although early studies of
éanular crystals in palm blends have been conducted more

lipid industry. While shortening is a simple fat blend, margariﬁ an two decades, the understanding of the formation of these

is a water-in-oil (W/O) emulsion. In these fat based productd@rticles is quite limited, and the prevention of their
hard fats are used to provide a crystal network entrappifP€arance in long-term storage is still a big challenge for
liquid oils and water droplets inside its interspacise  t€ fat industry. In fact, there areedent hypotheses on the
selection of the appropriate hard fat is very important due t§€chanism of granular crystals formation. This review,
the requirement of physicochemical properties and stabilityerefore, will provide an overview picture of both internal
during storage. Nowadays, palm oil and its fractions aféd external factors including fat blend composition,
considered as the most popular hard fats in the production Bfocessing, and storage conditions on the formation and
shortenings and margarines. Owning a good balance betw8EpWth of granular crystals in stored palm oil based fat
saturated and unsaturated fatty acids, this low cost plant Bfeducts.

tends to form tiny crystals that are very stable in long-term

storagé€.In addition, most fat crystals of palm oil can melt PALM OIL CRYSTALLIZATION

easily in the human body since their melting temperature is in
the range of 340 °C>* Moreover, palm oil has high
oxidative stability since its components have a hig

T o st b o et (Al A610) 3 e ot saurated PA n paim o and tsconmon
poly actions (palm olein and palm stearin), followed by stearic

acids. In the formulation of fat based products, palm oils are. . o ) ;
often combined with other lipid materials such as soybean %'ag'ldg(f):fﬁ) rﬁ:; f;]).cgr?trer:?fol;f)r\:\?eactjutr)ategl Zﬁiétﬁlgfe;gzs
sun ower oil, rapeseed oil, and milk fat through blending t : 9 y poly

improve texture and organoleptic propértiedhe presence such as l".wle'c acid «318@8(%)' These ur!saturated FAs
of these liquid oils and soft fats can contribute to acsighi ofte_n_ d|s_tr|bute at the _sn-2 (sn: stereospaby numbere_d)
change in fat polymorphism, solid fat content (SFC), angosition in the major trl_acylglycerols (TAGs) of pff"m 0'.' such
melting behavior of the fat blends but can also cause instabiﬁ% 1,2-dioleoyl-3-paimitoylglycerol (POO), 1,3-dipalmitoyl-2-
issues of the fat based products, especially during long-té?ficY'dlycerol (POP), 2-oleoyl-fiaglinolenoyl-palmitoylgly-
storage at low temperatbg%@ cerol (LOP), 1,3-palmitoyl-2-linolenoylglycerol (PLP),léind 2-
For palm oil based shortenings and margarines, the md¥goyl-1.3acpalmitoyl-stearoylglycerol (POS)alfle 3.

prevalent quality deterioration in storage is the appearance§pst studies™™=" agree that the TAG prie plays an
granular crystals resulting in a graininess feeling for custom&pportant role in the crystallization of the palm fractions. For
According to many studies;"*® granular crystals can be
considered as clusters of fat crystals with a size in the rang&eteived: September 9, 2019
0.153 mm, which can become visual in products stor&d at 5Published: December 19, 2019

Shortenings and margarines are important products within t

Fat Composition. In general, palm oil has a good balance
f the ratio between saturated and unsaturated fatty acids
As) (Table ). With a content of 4%68%, palmitic acid
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Figure 1.Granular crystals (dotted line circle) in margarine observed by the naked eye (industrial products) and by a polarized light microscc

(reproduced from reif6 with permission. Copyright 2019 Wiley).

Table 1. Fatty Acid Composition of Palm Fractions in Comparison with Some Common Fats afd*6’

fatty acid (FA)

C4:05C10:0

C12:0
C14.0
C16:0
Cc18:.0
C18:1
C18:2
C18:3

palm oil

0.5
17
48.7
3.9
37.1
8.1

palm olein

0.7
15
41.6
3.8
42.0
10.4

palm stearin milk fat soybean owsun canola
9.2
0.4 2.9
2.1 10.0 0.1
68.3 29.0 10.0 6.3 4.9
4.0 10.7 4.1 7.3 2.5
20.6 25.6 25.2 24.3 63.6
4.6 2.9 53.4 65.1 21.2
7.3 7.9

Table 2. TAG Proles of Palm Fractigns in Comparison
with Some Common Fats and Gif§>>%%

TAG
species
BMP
BPO
BPP
CaPO
CaPP

CyPO/
LLLn

CPO/
LLL

CPP/
LnLO

LLO/
MMO

LLP/
MMP/
LnOO

LOO/
MOO

LOP
PLP
MOP

000/
PPM

POO
POP
PPP
S00
POS
PPS

®B: butyric acid (C4:0), Ca: caproic acid (C6:0), Cy: caprylic aci

oil

0.4

1.2

1.5

8.9
9.2

3.9

23.3
30.2
6.7
2.9
6.7
11

0.4

25

1.6

11.2
9.9

2.7

25.3
34.4
0.5
24
5.6
0.2

0.2

0.6

5.1
8.1

2.2

15.3
35.9
17.9
14
7.1
3.3

palm palm pam milk
olein stearin

fat
3.19
4.40
5.39
2.62
2.93
2.27

2.38

2.68

3.13

3.21

3.08

1.44
5.23
3.84

4.14
5.83
3.06
1.24
3.45
2.32

soybean suower

6.0

17.3

51

17.2

12.1

8.4

8.3
15

2.9

2.2
0.3
0.1
0.2

0.4

0.2

27.2

29.5

9.6

11.0

10.6
3.6

3.0

35
0.5
0.8
11
0.4
0.4

canola

1.0

1.0

7.1

7.8

12.3

22.1

4.2

28.7

5.7

2.5

Odecreases in this order> >

example, a high amount of trisaturated TAG such as

tripalmitoylglycerol (PPP) or 1,2-dipalmitoyl-3-stearoylglycer-

ol (PPS) is found in palm stearin, while a monosaturated TAG

such as LOP has a higher content in palm olein. Therefore, the
crystallization temperature of palm steari$4@4£C) is

signi cant higher than that of palm olein (belo#C). For

palm oils, its crystallization often occurs in the rang82# 15

°C depending on the cooling rate.

Fat Polymorphism and Crystal Morphology. In
cooling, the mobility of TAGs gradually decreases, resulting
in the formation of crystal nucleates. Depending on the
composition and the distribution (stereospityg) of FAs in
TAGsS, lipid molecules are oriented into two conformations
including theuning forkand stacked chaio form two layer
(2L) or three layer (3L) longitudinal stacking, respectiti8ly.

The rst is mainly favored by TAGs containing similar FA
moieties, while the latter is found in mixed-FA TAGs with
di erent chemical propertieShe fat crystalline lattice
(subcell) can have many etient structures (polymorphism),
which are often classil into three common forms including

, ,and forms relating to the arrangement of TAG. In the

form, hexagonal subcells are formed by the perpendicular
cross of straight hydrocarbon chains with methyl planes. For
the and forms, zigzag hydrocarbon chains are inclined
with a methyl plane to create orthorhombic and triclinic
subcells, respectivélBince the density of the chain packing
is the least for a hexagonal structure, intermediate for the
orthorhombic structure, and highest for the triclinic structure,
whereas the free rotation ability of the methyl planes has a
counter tendency, the Gibbs free energy of the fat polymorphs
. The higher Gibbs free

(C8:0), C: capric acid (C10:0), M: myristic acid (C14:0), P: palmitic €nergy means a lowe6 requirement for nuclei formation.

acid (C16:0), S: stearic acid (C18:0), O: oleic acid (C18:1), L: Therefore, in rapid cooling, the least stable polymorph (
linoleic acid (C18:2), Ln: linolenic acid (C18:3)

form) often appeargst below its melting temperature and
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irreversiblg transforms to higher stability forms upon furthesupercooled TAG molecules from the liquid oil to the nucleate
cooling?®? surface. In further cooling and storage, the agglomeration of fat
Fat polymorphism and thermal properties of common TAGsrystals can occur to form needle-like crystals and spherulite-
in palm oil can be foundirable 3 The distribution of FAsin  like crystals with an average size of 5 and n20
respective§?*° In general, fat crystals of palm oil are
Table 3. Thermal Properties of Some Major TAGs in Palm needle-like crystals under the form, which has an
Qil 151836538 appropriate size for trapping liquid oil inside the crystal
networks of shortening and margarifi¢: However, the

melting temperaturé@)

oati polymorphic transition of palm fat can occur in long-

crystallization term storage. Unlike crystals, crystals are often spherulite
TAG  temperaure’c) particles with a size in the range &4P0 m?3*°

PPP 38.28 44.1 566 66.4 Phase Behavior.Similar to most natural lipids, palm oil is

PORL .84 158185 253335  35.336.7 a mixture of various TAGs with efient polymorphic

POO/ &22.92 &4 1212 18822 tendencies. In cooling, TAG molecules can partly dissolve
OPO into each other depending on their polymorph and molecular

POS/ 8.95 17.819.6 288330 37.$40.2 volume to form a continuous solid solution (or mixed
SPO 5 crystalsj>** For example, the intersolubility of POP in PPP

PPL NA NA 218265 36.0

. is 10% and 40% undeand forms, respectivéfyin a solid
ANA: not available. solution, these TAGs often have a good compatibility, and
their crystals have a similar melting point. For immiscible solid

TAG molecules plays an important role in determining th€omponents, their mixtures tend to form eutectic systems.
polymorph of the fat crystalsNormally, symmetric TAGs These r!onldeal_systems were found in the crystallization of
such as POP and PPP havetandency, while asymmetric Many binary mixture such as PPO/POP, POP/OPO, and
TAGs such as PPO and POO are stable underftren2-3! POP/POS (PPO: 1,2-dipalmitoyl-3-oleoylglycerol, OPO: 1,3-
Further, palm oil polymorphism also strongly depends on tmgoleoyl—Z—palm|t%£|1g%cerol, POS: 2-oleoyht{E&imitoyl-
cooling rate. By combining polarized light microscopy (PLM$tearoylglyceroj: Because of the steric hindrance
and dierential scanning celetry (DSC), some au- between TAGs, eutectic systems often have lower melting
thors™>** suggested that crystals dominated in palm oil temperatures compared with their pure components. There-
crystallized at a rate ofG/min, and the coexistence ofind fore, the presence of eutectic systems is often characterized by
crystals was discovered if the cooling rate was lowered to §)8 presence of broad peaks on thermodiagrams of the
°C/min. In a contrast, crystals dominated when fast cooling melting/cooling and accompanies the SFC depression of fat
palm oil, and the polymorphic transition mainly blends. A sped case of an eutectic system is the formation of
occurred in the isothermal stages. molecular compounds (MC) based on the combination of
The size of fat crystals plays an important role irdi erent TAG molecules owning similar FA moieties at certain
physicochemical properties of most fat based products. Fatios>**%** In this case, two dirent TAG molecules often
most shortening/margarine products, tiny crystals are favorgterge into a 2L longitudinal stacking even though the popular
due to their positive ect on stabilizing the microstructure of form of each TAG can be 3L stacking. For palm fat, MC can be
products as well as bringing a desirable mouthfeeimally, formed in a binary mixture of POP/OOP (OOP: 1,2-dioleoyl-
the size of crystal platelets after nucleation is smaller than 1 3-palmitoylglycerol) and POP/PPO in a range $130C if
and often gradually increases based on the accumulationtité ratio of each component is edt4f The presence of

—— _ NNNNAR

She = ===» il

Liquid fat Conformation 2L and 3L stacking Lamella

Spherulite Needle
(10-20 um) (1-5 pum)

;%%@ - I

Crystal platelet
(<1 pum)

Aggregate
(100-200 pum)

Crystal clusters

Figure 2 Crystal growth in fat crystallization. Adapted fromGefga and44with permission. Copyright 2017 Royal Society of Chemistry, 2005
Wiley, and 2010 ACS, respectively.
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Table 4. Some Studies of Granular Crystals in Palm Oil Based Shortenings and Margarines

granular crystals

fat blends composition tybe sample preparation hypothesis detection ref

palm oil, rapeseed oll S static crystallization from 60@ BQ,.ge POlymorphic transition crystals of PLM, XRD, 17
5°C POP DSC

palm oil, soybean oil, milk fat M  shear crystallization at 300 rpm using heggtomeration of crystals (POP) in the PLM, XRD, 18
exchangefgiorage 5 °C presence of POO (liquid fat) DSC

palm oil, soybean oil, M shear crystallization at 3000 rpm using precipitation of and crystals (PPP and PLM, XRD 15 54

hyrogenated soybean oil, homogenizer MixeFygrage 5 °C POP)
palm oil, beef tallow fat S static crystallization using a f&2@8€) migration and aggregation dfrystals PLM, XRD 14, 52
55

palm oil, palm stearin M shear crystallization at 300 rpm using iegglomeration of POP PLM 53 56
cream makef,gorage 28 °C

palm oil, soybean oil M shear crystallization at 130 rpm using healiymorphic transition crystals of PLM, XRD 57
exchangefgigrage 5 °C high melting TAG

&S: shortening; M: margarine.

A

Figure 3.Formation of granular crystals in palm based shortenings (accordi2gid i6f$52, and53). A: molten fat; B: shortening (a matrix

of needle-like fat crystals undefiorm entrapping liquid oils); C: the polymorphic transition in long-term storage palm based shortening
accompanies the formation of spherulite-like crysfalsn); D: the aggregation of spherulite-like crystals, E: granular crystals in palm based
shortening observed by polarized light microscopy (reproduced famitiefpermission. Copyright 2010 ACS).

these compounds is often recognized by the appearanceobfranular crystals in palm oil based shortérituyvever, in
subpeaks on melting and cooling Ipwof TAG mixtures other studies of margarine produced from the blends of palm
obtained from DSC and real-time X-rayadtion (XRD). oil with buttet® and with soybean 6il,the appearance of
When the melting point between components is 0,20 granular crystals was visually detected betoystals were
TAG mixtures often show a monotectic behavior or thdormed. The authors suggested that the polymorphic transition
“dillution e ect.*”* For example, the complete dilution was could occur after granular crystals were formed, and therefore
observed in crystallizing a binary mixture of TAGs with a largge role of crystals in the formation of granular crystals was
discrepancy of melting point such as LLL/SSS or LLL/PPRot considerable. In another study of the blends between palm
(LLL: trilinolenoylglycerol, SSS: tristearoylglycerthBe-  fat and soybean of XRD analysis of the granular crystals
cause of a dilution ect, SFC and the crystallization showed that these particles could be the combination of both
temperature of these mixtures have downward tendency dBystals (core) and crystals (outer). Despite arguments on
the increase of lower melting TAG concentrafiti. the mechanism, all studies agreed that the composition of the
fat blends and their postcrystallization are the main drivers for
GRANULAR CRYSTALS IN PALM OIL BASED the formation of granular crystals in palm oil based shortening/
SHORTENING/MARGARINE margarine. In fact, postcrystallization of fat crystals often

Hypotheses of the Formation of Granular Crystals.As strongly depends on the cooling conditions during processing

demonstrated previously, granular crystals are agglomerated the storage conditions. _

fat crystals which often appear upon prolonged storage of palnf-0mposition of Fat Blends. Both shortening and

oil based fat products at low temper As their margarine are fat blends based products. Spreadability, the

presence is unwanted, understanding the formation of granJR@St important property of commercial shortening/margarine,

crystals was the objective of many studies during the last t#}8s & strong relationship with the SFC of prodict

decades Table 3. Unfortunately, the mechanism of their Therefore, some liquid oils (sawer oil, rapeseed oil, and

formation in shortening and margarine is not completely cle&fybean oil) are often b|end%%OW|th hard fat atetit ratios

since it is very dicult to isolate granular crystals out of fat to achieve a desirable SFE*°° As a  tending fat, palm

blends. Many studféé’”>2>2 considered the appearance of fatis the major hard fat in margarine, but it can be replaced by

granular crystals as a type‘faf blooni which was often  hydrogenated rapeseed oil or hydrogenated soybean oil in

detected in chocolate caused by the polymorphic transition 8¢me countriés>** The partial replacement of palm fat by
forms of high melting TAGs upon prolonged storagenilk fat in the production of shortening/margarine to improve

(Figure ¥ This approach seems to be logical because f#lte organoleptic properties is also a common trend of the food

crystals in the form often have a bigger size and tend toindustry:>*3°>°¢ However, the combination of elient lipid

aggregate in comparison with those in thkem. In fact, the  materials also enhances the complexity of TAG&®in fat

aggregation ofcrystals was recorded through PLM in a studyblends. The FA composition and TAG [gof palm oil, milk

D DOI:10.1021/acs.cgd.9b01191
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Figure 4.E ect of cooling rate on the size of fat cryst&lB(&SD, and BF: milk fat, hydrogenated canola oil, and palm fat crystallize under
rapid cooling and slow cooling, respectively). Reproduced fit@r7@fnd73with permission. Copyright 2002 Elsevier, 2012 Wiley, and 2013
MDPI (available atttps://www.mdpi.com/1420-3049/18/1/108@der a Creative Commons CC BY 4.0 licetige://creativecommons.org/
licenses/by/4.0) respectively.

fat, and some popular liquid oils in the production ofthe high energy barrier of the phase tranSfi6h.For
shortening/margarine are summarizedahles land 2, example, TimmS$ partly diluted crystals of milk Shigh
respectively. As demonstrated in the sectiorPlarse  melting fractions into milk &iow melting fractions to induce
Behavigrmixtures of TAG under the solid state often havehe formation of crystals. Moreover, the presence of liquid oil
monotectic or eutectic behavior. Monotectic behavior (ocan accelerate the agglomeration of fat cfystdis.many
dilution e ect) is often observed in crystallization of the blendstudies, the formation of spherulite-like crystals and their
between palm oil with low melting lipids which are rich inclusters occurred faster when crystals of high melting TAGs in
triunsaturated TAG such as rapeseed oil ancbvesein milk fat and palm fat were partly diluted into solvent such as
0il>81225 On the other hand, eutectic systems were foun@anola or soybean il In fact, smaller fat crystals are only
for blends between palm oil and some milk fat frattidfis. metastable in a solid solution and can become unstable if the
According to the authors, the eutectic behavior in these blendsncentration of liquid oils in fat blends increasescsigtty.
could relate to the dérence of molecular volume between|n this case, agglomeration and Ostwald ripening often occur
TAGs of milk fat with palm fat. Thest is rich in short chain  to form larger solid particles and reduce the Gibbs free energy
saturated FA, while the later mainly includes long chain FAin solutions. Unlike liquid oils, the presence of eutectic systems
The role of both liquid oils and the eutectic system on thenainly relates to the polymorphic tendency of MC. Some
formation of granular crystals has not yet been well studiestpdie$*°® have found the appearance of MC in palm blends
although they can ect fat polymorphism of the blends. Many containing 3870% milk fats after tempering at°C5 The
studies suggested that the presence of liquid TAG cauthor hypothesized that these compounds could be formed
accelerate the polymorphic transformation fronto based on the cocrystallization of POP in palm fat with
crystals, which often occurs very slowly in stored fat produe@symmetric TAG from the middle melting fractions of milk fat.
due to the low dusion of supercooled molecules as well asVith the presence of both eient TAGs in the crystal

E DOI:10.1021/acs.cgd.9b01191
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structure, MC often have a lower steric hindrance inssue is the miscibility of fat components which often strongly
comparison with surrounding fat crystals and therefore are depends on the storage temperature. As the temperature
tending crystals. Because of the presence of MC, a highcreases, some supercooled TAGs can crystallize, and the
concentration of crystals was discovered in the blends, whilphase behavior of fat blends can shift from monotectic
both palm fat and milk fat were stable iforms at the same  behavior to eutectic behavidEor example, most studies of
storage condition. the blends between palm fats and milk fats revealed that the
There are also some arguments of the role of high meltiryitectic behavior and compound interaction mainly was
TAG such as PPP and PPS on the formation of granulabserved in a range &® °C.**°>°° The second issue is
crystals in palm based fat products. For example, in a studytieé postcrystallization during storage due to theredi
fat blends between palm fats and soybean ailsmall crystallization kinetics of dient TAGs in the fat blends. As
addition of PPP (at a concentration of 3%) acceleratedemonstrated in the previous section, the cooling process of
signi cantly the appearance of granular crystals. Singalm based fat products is often conducted arout@ 20
trisaturated TAGs tended to agglomerate or focnystals,  crystallize most high melting TAGs of palm fat including POP/
the author suggested that the agglomeration of PPP could foRRO and PPP. These TAGs play a role as the major crystal
the cores or crystal nucleates of granular crystals and promogtworks entrapping the liquid phase in shortening and
further crystallization of surrounding TAGs such as POP andargarine. When stored at a lower temperature, low melting
SOS during storage. However, another'Stabipwed that ~ TAGs in fat blends can slowly crystallize during postcrystalliza-
trisaturated TAG at high concentratiadZ%) can limit the  tion. For example, the postcrystallization of POO°at 5
formation of granular crystals in fat based products by loweringntributed to the agglomeration of POP, resulting in the
signi cantly the diusion of liquid TAG. According to this formation of granular crystals® Although POP is stable in
study, granular crystals appeared slower in higher SFC tla¢ form at 5°C, the polymorphic transition to théorm
blends which had a higher trisaturated TAG concentration aan be accelerated in the presence of low melting TAG such as
well as a higher amount o€rystals. POO since these TAGs can combine together to form
Cooling Process. The cooling process regulates fat MC.*3""’8|n another stud}/the appearance of bigrystals
crystallizationHigure 3. It is generally accepted that a slowerwas recognized when tempering the blends of palm fat and
cooling rate promotes the formation of larger crystals with highilk fat at 15C. The author linked this phenomenon with the
stability since TAG molecules have enough time to rearrangecrystallization between POP of palm fat with some
their structures. Under fast cooling, a large number afsymmetric TAG molecules in the milk fat middle melting
nucleates of high melting TAGs are formed accompanied byction which had a crystallization temperature in the range of
a rapid viscosity increase and a signi decrease of particle 10515 °C. To accelerate the formation of granular crystals in
mobility”® The low diusion of supercooled TAG molecules palm blends, a thermaictuation cycle (at% and at 20C)
limited the further crystallization of fat crystals, resulting iis often applied to induce the polymorphic transition which
lower SFC and smaller crystal size. In industryinketénd often occurs very slowly in the solid s$tafe€**’ By
oulet temperatures of the crystallization process haviacreasing the temperature of samples above the melting
considerable ects on the quality of margarih®ormally, point of the least stable form (for example POO), the SFC and
the inlet temperature of W/O emulsions for the coolingviscosity of fat blends decrease, and the concentration of liquid
process varies from 40 to ®D'>1853°45574 A Jower inlet  fat increases, resulting in the agglomeration between fat
temperature can induce the crystallization of trisaturated TA@gystals. Besides, the melting of a low stable form (such as
such as PPP and PPS before rapid crystallization occugstals) will provide seed crystals for the growth of the higher
resulting in the formation of undesirablecrystals in  stablility form (such ascrystals§’
products? For the outlet temperature, the crystallization of Approaches To Prevent the Formation of Granular
palm oil below 20C is often a two-stage process. In rapidCrystals in Shortening/Margarine. The development of
cooling, crystals were formed before convertingdiystals,  solutions to prevent granular crystals in stored palm based fat
and therefore a coexistence of two polymorphs was discovepedducts is a big challenge for the lipid industry since the
in the isothermal periGd>>"> However, the crystallization at formation of these particles has not yet been fully understood.
22 °C only is a single step sincecrystals can be formed Therefore, most studies have focused on limiting the
directly from the melt. This conclusion was supported by maragglomeration between TAGs and retarding the formation of
previous studies using various methods including DSC, pulsedrystals. For palm fat, symmetric TAGs such as PPP and
eld gradient nuclear magoetesonance (pfg-NMR), POP tend to precipitate into liquid oils or form MC based on
rheology analysis, and X®D. The authors explain that the combination with other asymmetric TAGs such as PPO
high melting TAG crystals which aretending at high and POO. To modify the ratio between symmetric and
temperature always appesst in cooling and orient the asymmetric TAGs in fat blends, chemical and enzymatic
structure of nal mixed crystals including both saturated andnterestication are useful methods since they can redistribute
unsaturated TAGs. For palm oil based margadngstals are  FAs in TAGS>® For example, an enzymatic interestion
often discovered after a few weeks of storage if the outlet30 h could help to reduce sigantly the concentration of
temperature of the product is higher thatCI In this case,  both POP and PPP in palm fract'r%tn another study,
the lower SFC of the fat blends at a higher outlet temperatusmzymatic interestiation improved the miscibility between
of the cooling process couldeet the crystal networks and components in the blends of palm stearin with milk fat and
promote the polymorphic transition in storage. with palm kernel oil. Similarly, this method was applied to limit
Storage Conditions.In many Asian countries, shortening/ the formation of crystals and MC in the blends between palm
margarine can be preserved at ambient temperature. Howevatr and milk fat fractiofisUnlike hydogrenated fats and trans-
in other regions, they are often kept at a low temperaturfats, interested fats are considered as safe lipids materials for
before using, and fat instability can occur in this stagesiThe the food industry. There was not any relationship between the
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consumption of interestid fat with the increase of saturated formation of crystals in palm based fat products is quite
fat in the blood lipids as well as cardiovascular diseasemplicated. Some studies showed that high sbwar
risk>"®-82 However, the application of the intecstion  retarded the polymorphic transition in shortenifg
method can increase sigaitly the production cost for the but accelerated this transformation in margariferefore,
lipid industry including investing in new equipment (forthe role of shear rate should be accounted more in depth in
chemical interestiation) and purchasing expensive catalystfurther studies of granular crystals in palm oil based shortening
(for enzymatic interestiation)®> and margarine.

For modication of the crystallization behavior and to
control the growth of fat crystals in postcrystallization, the CONCLUDING REMARKS

addition of emulsers in small amounts§2%) to_the fat  From the ndings summarized in this review, the formation of
blend is also a popular trend in the food ind&ty” For  granular crystals, the most common instability issue in palm
this approach, the adding concentration and fatty acid moieiyends based shortening/margarine, is the combining result of
of these additives are key factors to thetieeness. Some hoth internal and external factors. While postcrystallization of
popular additives in the lipid industry are monoaclyglycerofst blends in storage strongly depends on the fat compatibility
(MAG) and diacylglycerols (DAG), which are the byproducthetween TAGs and storage condition, the thermal and
in manufacturing and purifying palm oils. Many studiemechanical processing plays an important role in controlling
revealed that the presence of DAG could stabilagstals  the polymorphism and size of fat crystals. In fact, there is a
and limit the polymorphic transition fromto crystals in  |arge discrepancy of the microstructure between samples
palm based shortening/margatfiié.In another study’ prepared in laboratory and at industrial scale, which limits the
MAG was applied to alleviate the crystallization rate of palg ectiveness of solutions in preventing grain development in
stearin and limit the graininess feeling of palm basegbmmercial fat products. The studies of granular crystals in
margarine. Some hydrophobic additives such as sorbital egfglin blend based shortening/margarine, therefore, need to
and sucrose esters could be applied for modifying thgonsider carefully all aspects of the procedure to build
crystallization behavior of both dairy*fat® and palm  appropriate solutions. Because of theutties in changing
fat>*"9994% For palm based shortening, sucrose esters Qﬁpe fat components of products, the addition of crystals
stearic acid can be added to decrease the size of fat crystadgii ers as well as the matition of parameters of food
resulting in preventing the formation of large granulaprocessing can be promised approaches to eliminate or
crystalS” In another study, the posthardening and thealleviate the formation of undesirable fat crystals in industrial
formation of granular crystals in palm oil based shortenir]goducts.

could be controlled by adding talc, a popular clay mineral in
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