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CHAPTER 11

LITERATURE REVIEW

2.1 Palm stearin \d
L
NS
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Wer tendperagdte, foowed by a
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ﬂ 208y). D @‘g.ﬁactlonatlon
pal@olein whereas the

sides, Gee (2007) also

Ci ) J%;palniﬂxalm are very wide due to
methods and conditions used icl % uona‘on |
Hard stearin comes ful\&crg \
intermediate and pa }Q in

stearin, it gi\'es 1pste mﬁvj

sian Palm Ol @nul (MPOC) states that palm stearin is a very

/?J;?

v
D
D

111$1s the useful fat stock in the food industry
applications

useful 8

bakery margarine. Besides, palm stearin are cheaper and does not require any

hydrogenation process (Hazirah et al., 2013).



Palm stearin however, have limited uses in the manufacturing of solid fat products as it

confers low plasticity to the products and does not completely melt at body telvre

(Pantzaris, 2000). Palm stearin have slip melting point (SMP) ranging bet\‘%\h%o(’

(Lai, 1998). According to Pantzaris (2000), total saturated fatty acid*lm stearin

measured was 65% and the total of unsaturated fatty acid was 35%.,Tabl§1 below shows
N

the palm stearin characteristics from the Malaysian Palm Oil OWPOB)Q where the
|

specifications are given in Malaysian Standard MS 815:20
NY.

TABLE 1: Characteristics of

Characteristics
Apparent density, g ml " at 50°C

Refractive index np 50°C \
Saponification value, mg KOH g‘l oil

Unsaponifiable matter, % by weight %

lodine value (Wijs)

Slip melting point (°C) F\_ i
Total carotenoids as (P-carotene), l\\ A\A 300-500

I szue.‘mlaysmn Palm Oil Board, MPOB
) il &

Modification of palm s&\cli@ng to meet industrial and consumer
N\ o
acceptance. Research %m s[mm : WA tfit can be used for interesterification with
)

oleic acid to })I‘O% 3-(11,!%—[)211 yl-sn-glycerol, OPO, which useful in infant

I‘m'mulalions.Almg the human.@ﬁk (Gee, 2007). This alteration in fatty acid

composily increase and widens the usage and functions of palm stearin. Basically,

the @‘ compositions in palm stearin are as stated in Table 2.



TABLE 2: Fatty acid composition of palm stearin

Fatty acid composition Mean Rang
Lauric acid (C12:0) 0.2 0.1—0.3?
Myristic acid (C14:0) 1.4 \

1
Palmitic acid (C16:0) 59.0 4 .Q?l
Palmitoleic acid (C16:1) 0.5 5-0.1
Stearic acid (C18:0) 48 30-5.0
Oleic acid (C18:1) 274 20.4-34.4
Linoleic acid (C18:2) 7.0 5.0-8.9
Linolenic acid (C18:3 0.3 V 0.1-0.5
Arachidic (C20:0) 0.5 0.3-06

Wnlzm‘is. 2000
| S
2.2 Oleic acid " %
Y,

Oleic acid is a monounsaturated fatty acid,\%ng 0

Figure 1, the oleic acid structure. Oleic a%}so ca q$ . @inoic acid (C18:1). It
N

has a low melting point (13°C) as shg :

suse,Qthe double bond and low

melting profile, it has been favorab ave,mor

palm stearin melting point. BN% oleic g

g
in palm stearin. By inu@g 1[)1'0 eic z@lo palm stearin, it can replace the
saturated portion of 1';1%\1 inf p&ln g!laj Zcause of it has only one double bond. it
has less t\xitizllith@ﬁ)’ yﬁnjfa ed@ther unsaturated fatty acids such as linoleic
or linolenic Zl\A ‘\G’\?.

$ FIGURE 1: Oleic acid structure

eic@i in palm stearin to lower the

S

’Ql)a‘]or component of unsaturated fat




TABLE 3: Oleic acid characteristics

Characteristics Description ?v
Molecular formula CsH340, \
Molecular weight 282.5 g/mol %
Density 0.891 gm/ml s
Melting point 13-14°C

Sourc&g Pmma-Aldrich, 2015

V

It has been shown that oleic acid is effective in lowering ple goleiterol level (lower

A

the low-density lipoprotein (LDL) as well as total chol ‘ol){.g. P it replaces

palmitic acid in the human diet (Balcao and Malcata@\/ank 1 8 A‘kg@”_oom. In
L 4
addition, Sola et al. (1997) revealed that native hig?&sit ' ein L) obtained

Nl

¢\
Lipases are rep:& be mor mgric NXoteins, having molecular weight in the range of

N
19-60 kDag™&gvindan et al., 2007). Lipase (EC 3.1.1.3) possesses a unique feature of

known lipid-hydrolyzing enzymes, which are increasingly used in stereoselective
reactions (Gandhi, 1997; Muralidhar et al., 2002). It synthesizes esters from glycerol and

long chain fatty acids when the water activity is low (Aravindan et al., 2007). Besides



that, it also catalyzes many different reactions; hydrolysis, alcoholysis, aminolysis,
peroxidation, epoxidation as well as interesterifications (Rodrigues and F ez-
Lafuente, 2010). They are soluble in water and hydrolyze insoluble sub %\o more
polar lipolytic products (Lason and Ogonowski, 2010). In fats and oilﬁstry, lipase

allows us to modify the properties of lipids by altering the locali01% y acid chain in

the glyceride and replacing one or more of these with new on (A?fmdan et al., 2007).

N

Based on Buchholz et al. (2012) the main interest in @icatio of 1 a'e‘sigx;‘ganic
chemistry is due to the following reasons; Y' \f b

N
Wity (afilMy to hydrolase a particular type ot

e

@&) carboxylic ester groups at sn-1 and

1 0{) @?
\

) ster
c m@no (Muralidhar et al., 2002). Lipases may be

fatty acid ester), regioselgCtiv

‘ : ¢
sn-3 positions com% sng |
between two cn?wrs in {r 1

divided into 40 Mups according 1ﬁe region-specificity exhibited with acyl glycerol

S coselectivity (ability to differentiate

substra ‘%\dan et al., 2007). Lipases from the first group show no regiospecificity

aschatty acids from all three positions of glycerols while the second group lipases
release fatty acids regio-specifically from the outer 1 and 3 positions of acylglycerols

(Aravindan et al., 2007). These lipases hydrolyse triacylglycerol to give free fatty acids



1.2-(2.3)-diacylglycerols and 2-monoacylglycerol (Aravindan et al., 2007). Because of its

stereoselectivity and regiospecificity, lipase makes the modification and exchan?‘uhe
acyl group easier. %\

The ability to cleave ester bonds and makes the new fatty acids mlwilz“]aorate in the

glycerol thus promote rearrangement of fatty acids occurs on hev& Figure 2 shows

the cutting down and replacement of fatty acid by lipases. 8 this 4 \"ant e can lead
. e . . ~ . '

to specifically modify any desirable fat stock to make it fAgable. Hesidcy, "1 tbl’s. vay, a

ghey\)‘ﬁlue of fat

{\Y'

(Aravindan et al., 2007).

FIGURE 2: Cutting down fatty acids at g
acids.

)

Source: Xu, 2003

Lipase presen
lipase). 14 J L IM (from Thermomyces lanuginosus), and lipase RM IM (from
Rhi-dagiicmeihei) and Novozyme 435 are the examples of immobilized lipase. Lipase

AK (from Pseudomonas sp.), Newlase F and Lipase AY are the examples of free lipases.

Free lipase easily absorb as they often present in powder form make it more soluble in the



solute during the reaction. Several microbial lipases have been produced commercially,
however the high cost of lipases seems to be a major factor and may be Ovew by
immobilization for reuse of the enzyme where immobilized lipase is kno“%\‘its fast
enzyme activity, efficient, accurate and cost-effective (Aravindan et a].i 200 ”

2.3.1 Free lipase AK Amano Y-

Nd.

but sqlid s t’ f-e\&lation

Microbial lipases are produced mostly by submerged cu

can also be used (Aravindan et al., 2007). Mic icﬂ\‘i 4 e@ally those
originated from bacteria are commercially si%w S

e f 10@'oduction cost,
more stable and wider availability than lhm 1 plants

2007; Lason and Ogonowski, 2010). M&{ o heﬂ | ipaﬁ,eg reported so far are not
N A
specific to a particular substrate M e an momd¥1985). There are several
?

ludied, for
Achromobacter sp., .~1/ca/1'<7&s; 5 i1 h ctw"éﬁi Pseudomonas sp., Staphylococcus
sp. and Clzr()mamhactcr'lé(Ar 'et alcgﬁ(ﬂ).
e 2
\
Lipase AK Am %n cnz§n lﬁdu@y fermentation of Pseudomonas fluorescens.

Besides, midgbiar lipases from PS™domonas sp. is known for their application in

producy ™" PUFA (polyunsaturated fatty acid) and food processing of oil
manuw&ng (Aravindan et al., 2007). Thus, this shown that lipase AK is remarkable for

fats and oil modification process. Wang et al. (2012) studied the incorporation of

microorganisms that have }®en

capriylic acid into canola oil using free lipases and immobilized lipases. The study



[
|95}

resulted that Lipase AK have higher degree of incorporation compared to Newlase F and
Lipase AY. which showed very low enzyme activity (Wang et al., 2012 W on
Amano Enzyme Inc., Japan, this enzyme has a high lipolytic activity and 1% ptimum

pH of 8 and temperature at 60°C respectively. The optimum temperagure for the enzyme

reaction was about 55°C and the enzyme was stable below 50°C

et al., 1994). Kojima et al. (2006) stated that in acidolysis I'ECW‘ triolein with EPA

(eicosapentanoic acid) and DHA (docosahexanoic acid) 1 dopds_thgghcorporation

»
rate for Lipase AK increased with increasing tempera Besidges, t ¢y fy in the
research that the Lipase AK could discriminate bw D{ <P@ acidolysis
reaction where the Lipase AK found to have }twspec cigy)for D']&(Kojima et al.,
20006). \ O

\ %

&
S o
2.3.2 Immobilized lipase ThermonM nuginon (TL‘i‘f}
N
(—) N

. i il D welid L .
Basically, stability of the entgume 1n li \L’u,‘ n is, € of the main concerns for industrial

—=5

applications. lmmobiliy@pasc 1S
’
it may use at high tgmpergluresf(Xe 2 Oﬁ).@}‘t n known lipases in interesterification that

have been imi wd were p&yn M IM, Lipozyme TL IM, Novozymes 435.
1:§

¥ mmobilized witlw particulate mesoporous silica carriers with either

(&)

Lipozyme '}

hydro éor hydrophobic supporting surface (Sorensen et al., 2010). Based on the

L biocatalyst product sheet, Lipozyme TL IM has optimum pH and temperature
at pH 6-8 and 50-75°C, respectively. Novozymes also includes that this lipase are sn-1,3

specific lipase, immobilize on a non-compressible silica gel carrier, highly effective
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catalyst for interesterification and able to rearrange fatty acids in triglycerides as well as
exhibit high degree of substrate selectivity. Immobilization lipase on a solid ¢ has
shown to increase enzyme stability in a non-aqueous solvent. Besides, s%\acilitate

recovery of product, recycling and reuse of catalyst thereby decrease the co of enzyme

in a chemical process (Novozymes®, 2014). z

Based on Novozymes® (2014) point of view, immobili% eWssess these
-

advantages as follows; ¢ | -{_)\Y.
better performance in non-aqueous solvent comguigtp na iv€ e fQqrhulations

¥
b) efficient recovery and separation of reactio Mct °‘ é

nes

¢) economically viable in reuse/recycling o \ O

an al;" UCEN,

“« Q-
e¢) enhanced storage and operationa&' ity fro 1atu§%n by heat, organic solvents
Yv NS

d) minimizing or eliminating protein ¢
O o

or autolysis I §
- £ ’ s & i
f) higher catalyst PFOdUCUlﬂ(k p‘ enz{m¥€) determining enzyme cost per kg

of product \& §

( : ’
convenient and geger RiAndlife of él@f)?e
N
& >

I 5
oY &
2.4 n«lodiﬁcg&n ffatand oils N

>

Variegbdifications have been done involving palm stearin and any other fat stock to

ga
~

improve their health benefits. Table 4 shows several type of research on modifications of

palm stearin and other fats and oils that have been studied.
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Palm stearin modification through enzymatic interesterification has been carried out in
the presence of liquid oils such as coconut oil (Ibrahim et al., 2007), ri GW oil
(Reshma et al., 2008), soybean oil (Costales-Rodriguez et al., 2009) a hseed oil
(Farfan et al., 2013). By performing this kind of reactions, interesterit%lm stearin or

its interesterified blends with other oils or fats serve as good ra\w 1als for several

food applications (Aini and Miskandar, 2007). i l

Interesterfiication reaction have been done not only f@tymg al st}aﬁut als

for the synthesis of cocoa butter equivalent whlcl b y Kgi.wal et al.

<<

Table 4. The effect of optimized reaction con ns owa1 16& entage of saturate-
leﬂ

oleoyl-saturate (SOS) and satu1atc '@ have been studied

previously. The result found thal 1ghe%j( Q¥%, SOS) and lowest acyl
migration (2.9%, SSO) was obiffing d fom IO,A) oiFnlz 1Ms.10ad, 1:7 substrate molar ratio,
) . 5 -3 2y 1]6

(2014) from acidolysis of high oleic sunflowtwmh tty, 1d ni™ure as listed in

s. The incmp(hlion of palmitic-stearic acids was higher at

palmilic—slealwc
temper -00°C resulting the changes in melting point of SL (Carrin and Crapiste,
2008&)\@1‘. modifications of lipid also being done on perilla oils (which have
traditionally been consumed by the oriental countries such as Korea, Japan, and China).

Perilla oils were acidolyzed with caprylic acid by Kim et al. (2002). Modification of
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perilla oil with caprylic acid (a medium chain fatty acid, MCFA) can impart desirable
benefits because the MCFA metabolize mainly via portal vein thus provide q%?le'rgy.

have high oxidative stability, low viscosity and melting points and have h:s%lbility in

water (Kim et al., 2002). Kim et al. (2002) findings showed that modgfgation of perilla

oil TAG to contain more MCFA has improved the perilla oils’ pl

and oxidative stability. i
\dﬂ Y-

Based on the Table 4, there are few corresponding paraf®grs thaf to e bb_i&}ed and
utilized to meet the research goals. Enzyme load as \v enigl(q Cent&B;n towards
I. SE"( or and Slabaugh
)C&Qyield believed to

increase according to the reaction I’QIC%CQ/, élf%’ é 'a@bllil_v of more enzyme

" &y
molecules to catalyze a reaction leads rmag morgy¥elds and a higher reaction

XS

K3

ltfppawﬂnd Akoh, 2000). Based on Table 4 the range

the total solution reaction is believed to be one c Nll )a‘:‘m

(2010) stated that when the enzyme load in®ggased. theg

et al., 2009) up l:wsl 14%

of enzyme loddis between 8% and 12;) was commonly used to give high product yield

after the€®&Qon. Thus, the range for the acidolysis of palm stearin parameters measured

fall be the corresponding ranges in the experimental design in response surface

methodology.



Besides enzyme load, substrate concentration significantly influence the reaction rate but

at certain concentration, however, the rate levels out and remain constant beaflse the

R

enzyme may saturate with the substrate and cannot work any faster ir %‘ondition

(Seager and Slabaugh, 2010). As from Table 4, it can be seen that the.most of the total

thg¥calculation as it

perfect blends. The

1ere thWer of moles
g

Interesterification is one of the four mduyic ioa oce! To qgur the physico-chemical
q Q—

li()lml and hydrogenation (Idris

‘.‘Icwe of acyl groups between ester

and an acid (acidolysis), amggster ant ; aJcoholysis) or between two esters

(transesterification) (Ro-&& d ]dczg{ncme, 2010). There are two types of
’
C

10% an
chephi ifi

interesterification \\'IQ' ) aD iNtereglegification and enzymatic interesterification.
A chemical, syOh g sodiu ﬁclhwznd‘, is used as a catalyst in chemical
>

inlcrcslcriﬁczw\ hich produces comc?clc positional randomization of the acyl group of

This enzymatic interesterification is more specific, require less severe reaction conditions

and produce fewer by-products than chemicals interesterifications (Idris and Dian, 2005).



Enzymatic interesterification, in addition, may lead to the desired physical properties in
oil or blend, containing large proportion of stearin, as fatty acid rean‘angemyﬁten
causing a lower melting point (Zainal and Yusoff, 1999; Soares et al., 2 ™[ hrough
enzymatic interesterification, it is possible to incorporate the desired geyl gfoup into a
specific position of TAG, whereas chemical catalysis doe&)ossess this
regiospecificity (Balcao et al., 1998; Kim et al., 2002). Hen ms been the added
value as the regiospecificity comes from the lipase enzym havior, \\Whe TAG at

the sn-1,3 position.

(the one that contribute to high meltu

chain fatty acid or unsaturategfatt Raud% nd 141@, y lipase enzyme. Acidolysis

d stm re) is replaced with short

reaction have been done on ous 1a incl 5 tuna oil and caprylic acid (CA),
sunflower oil and pdlm\&a Mutﬁ‘{mtealm with lauric and oleic acid,

perilla oil with capy ad (Hita l:'7QQ); Palla et al., 2012; Sellappan & Akoh,

\
2000; Kim et al. w g b 4 $

242D ase system

Through lipase-catalyzed modification, one can alter the fatty acid composition and

physicochemical, nutritional and functional properties of fats and oils to meet particular



applications (Sellappan and Akoh, 2000). However, this reaction usually being performed
in single lipase system (either it immobilized lipase or free lipase) as seen in e 4,

much of previous studies focus on single lipase system reaction with va“%pases as

one of the parameters to be observed and little attention have been stregsed onl dual lipase

system. V

In a study done by Ibrahim et al. (2007), enzymatic intere 1catio WStearin with
®

The r@sults 'n’li&tgihat a

bug Br depqﬁng on the

7). “hu hese ﬁts provided us

with useful information for the better undelm% n the f eractQ among lipases on

o*% Xes@ promoting some new

] Q-
favorable fats in the market shelves a SQ

S
'S
. : . D pld <
As mentioned earlier, the l)%)bl z€ ¢¥ are‘é@; efficient biocatalyst as compared

to free lipase. I'lowcvcr,@al '
’

2007), the support ojsthe yhmolfilia

existing free eng wl sho{ ; @g as biocatalyst, the immobilized lipase also
. s N

plays the rol& hmobilizing’ lhe‘as—existing lipase in free form which facilitates the

efficier i%‘lon between enzyme and substrate (Ibrahim et al., 2007).

coconut oil was conducted by applying dual lipase syst
synergistic effect occurred for many lipase combir

lipase species mixed and their ratios (Ibrahim e

catalyzing the reaction of various lipid¢

lacti h‘é&slem, as reported by (Ibrahim et al.,
g 4

pas‘\(gm possibly act as a carrier to adsorb co-



o
[§9)

2.5 Optimization via Response Surface Methodology (RSM)

Y'
Optimization study is important in determining the best conditions of tl 1ons and
improving the reactions performance. This work was done by usin &mse Surface
Methodology (RSM). This technique simplifies 4 level experime de ons by giving a
series of experiment randomly according to the parameter ngz be observed. The
RSM designed by central composite rotatable desig luated the

interactive effects, explored the relationship bctwem@unde en lc-'\‘iﬁ-g es and

one or more response variables and then obtained un cOngeén t e reactions

sunflower oil as seen in Table 4. The 'atiwlﬁ&ﬂtly describes the acidolysis
reaction. The highest yield (59T % 92 irate- l @and the lowest acyl migration

J

RSM has successfully optimized the sy

sdt
-‘ &
(2.9% saturate-saturate-ole was i) t 10k whzyme load, 1% water content, 1:7
substrate molar ratio, ()&1 acti ‘:rallc“j&‘{md 6 h reaction time (Kadivar et al.,

2014). %

different mass fractions of binary blends of milk fat and canola oil and reaction

temperature. Empiric models for interesterification degree (ID) and consistency (at 10°C)



obtained allowed establishing the best interesterification conditions: blends with 65% of
milk fat and 35% of canola oil, temperature at 45°C. They stated that un&ﬂese

conditions, the product obtained has desirable milk-fat flavor and betti‘wdability

under refrigerated conditions.
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