CHAPTER 11

T
LITERATURE REVIEW .\%\
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2.1 Sunscreens

Yv

Sunscreen is defined as a formulation intended to pla ed @ s&n which
S
containing a chemical agent known as UV filter, that a 111?/ exact ~Miih incident

radiation by reflecting, scattering or absorbing the !Q rady \31\ ﬁ'of sunscreen’s

N92 tloémg two sunscreen

chemicals of benzyl salicylate and ben7y am a;‘@*j & Lim, 2005). In line

with consumer needs nowadays, app@ofs unscpfefs &only limited to skin lotion

5“

formulation in the world was first repo

or foundation, but they are used € el @le shadow, lipstick, hair-care,
‘ : (

aftershave and toiletries (Mano a al &Q@ng to Schalka & Reis (2011), the

UV filters can be 01oupe o t ga hyswal) and organic (chemical).
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The inorganic ers ar eb’iz p@:al because their mode of action involved

\l
physical phefqguena such as scatte\ﬂg and reflection of UV radiation. Too far, two
1n01 ical UV filters that widely used are zinc oxide (ZnO) and titanium dioxide
(TlOv to their large particle sizes, they tend to be opaque and form a blocking film

on the skin and thus contribute to poor aesthetics effects (Serpone et al., 2007; Chisvert &



Salvador, 2007). However, modern approaches such as nanoparticle technology and

encapsulation have improved their consistency (Burnett & Wang, 2011). Y.

Cmy

The organic UV filters, on the other hand, exhibited chemical chang%% molecule by
absorbing the UV radiation and converting it to heat energy. Theg norfyally composed of
conjugated aromatic compounds with a carbonyl group (Wa &1 Reis: 2011}
Examples of organic UV filters are salicylates, cinnamat zophwefnthranilates,

»
dibenzoylmethanes and p-aminobenzoates (Manaia et afW013). Howe °} iﬁﬁ.ofthem

readti (quskrishnan &
——

may cause contact dermatitis or

Narayanaswamy, 2011)

A
Thus, recently, there is increasing dem m&u%ijic@ UV filters from natural
“« Q-
N ing%IU@ﬁ!diation with many special
ntiox‘i @

physiological functions incleini anty’ gnMytrobial and anti-inflammatory

(Evans & Johnson, 2010; akrlshri

green sources that is effective in

wamy, 2011). The phytochemical

compounds act as the Uw inc Fnol@cids such as hydroxycinnamic acid and

¢
hydroxyl benzoic ag{Byl onois d
L v

& Narayanaswamyy, 1):

s\
2.2 -UNg Acid

Ferulic acid or 4-hydroxy-3-methoxycinnamic acid (Figure 2.1) is a

ig@oleculax‘ weight polyphenols (Balakrishnan

" 9

9

phytochemical constituent that arises from metabolism of phenylalanine and tyrosine in



biosynthesis of plant lignin (Zhao & Moghadasian, 2008). Ferulic acid is also named as
caffeic acid 3-methyl ether or coniferic acid. Structurally, ferulic acid has henolic
nucleus and a side chain with molecular weight of 194. Ferulic acid explic@t three
distinctive structural motifs. First, the hydroxy and metoxy groups ofkbenzene ring
donate electrons to quench the free radicals. In addition, the carboxyl&?d group with an
adjacent unsaturated C-C double bond can provide additional atVtes for free radicals

and thus prevent them from attacking the membrane. Fu t cw&\o?c acid group
!

also acts as an anchor, by which it binds to the lipid er, profidin si)nzqg'gtection

against lipid peroxidation (Itagaki et al., 2009). ClearlyNgach ¢ferhe cont¥Putes toward
)

. oINS,
overall properties of the compound. V g\ é
(—) A
N O

FIGURE 2.1: Chemical Structure

Phenolic$xyl group ————>\OH



Ferulic acid was first isolated in 1866 by Hlasiwetz Barth, an Austrian, from a

commercial resin of Ferula foetida, an umbelliferous plant. Later in 1891, ic acid

was isolated from a pine tree species of Pinus laricio. Today, ferulic acid % n found

in many plant species including fruits, flowers, vegetables, and predo*tly in grains

with 84% frequency of occurrence. There are two forms of ferulic am plant tissues:
N

free (rarely) and conjugate; the sum of these two forms indicaval ferulic acid (De

Man & Peeke, 1982; Graf, 1992; Zhao & Moghadasian, 2 Q021! ar@li, 2014).

y.d
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2.2.1 Applications of Ferulic Acid ¥ \’Y-

&

d thve many special
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Ferulic acid and its derivatives R@e

physiological functions including antiqX¥#alt, a

e L J0
thrombotic and anti-cancer effects. jefore, pr ies collectively led to its
# N

applications in a large aspect ojgndu¥ries indludi fo@lamlaceutical and cosmetic.
LS

SNtd &
i. Applications in O
S
. £ w«? 4
Ferulic wommer fpreQa'ed and used as functional food ingredients.
1

Ferulic acid & rst used in Japan™n 1975 to preserve oranges and to inhibit the
autoxid % linseed oil (Graf, 1992). Strauss & Gibson (2004) successfully

investig the use of ferulic acid as a potential cross-linking agent, which offers

possibility of developing gelled foods with lower calories and gelatine content. The

following year, Ou et al. (2005) have demonstrated the utility of ferulic acid in preparing



edible films from soy protein isolate. The ferulic acid not only improved mechanical
properties of the films but also provides safer and more natural alternatives over
petrochemical-based of synthetic films. Later, ferulic acid ester was used x)'lement
ingredients in sports foods to increase muscle gain, improve strength, s e%ecovely as

well as reduce post-exercise soreness (Manore et al., 2011). Y’

ii. Applications in the Pharmaceutical Industry \d
|

The present of ferulic acid in functional ng\ \Q}.gmzed as a

powerful ingredient against several human di w Its %pl' tion %:ancel treatment

has been studied as early in 1990s. Researchel gg%ed

acid for cancer prevention in tongue (T D 5 1998), cd@q (Kawabata, 2000), skin
u
(Murakami et al., 2002) and breast g 06,$<$a,mpa et al., 2004). Further,
Shanthakumar et al. (2012) re erulicf acidf ad eal adjuvant to protect normal
y} ‘4
tissues from deleteuous of 'ga adl n due to radiotherapy in cancer
treatment. Ferulic acid sho e;l 1]ved)€sults in reducing blood glucose level in
induced diabetic an@ 1a£9h 1§, 2004; Nomura et al., 2003), inhibiting
alhelosclelosns nsmn (Suzu 1&)@1., 2007; Dinis et al., 2002) and has therapeutic
~

effects again eimer’s disease (Sgarbossa et al., 2013).



10

iii. Applications in Cosmetic Industry

It is well known that increased melanin synthesis can lead to skiE%;ning or
hyperpigmentation. Ferulic acid has been documented to has inhibitor econ melanin
production and become a potential pigmentation inhibitor. Roh et al.W) reported that

N-feruloyserotonin, one of the active compounds of safflower rongly inhibits the

N itw&n. Through

begn ed @1‘ovide
| S

significant protection against erythema and sunburn ce rmatpon ( esaj(Yet al., 2008).

Furthermore, ferulic acid also being used staili c@'ﬁc containing

anthocyanin-type pigment from tulip ﬂowerwat oxidati isc@?}‘ation (Graf, 1992).

S

melanin production compare to the common melanogenesis

in-vivo study, mixed solution containing ferulic acig has

4
However due to the small polar com& f thenggrdlic a it has limited solubility in
N
an oil phase of emulsions or a ygﬂus congposi, ops@)u et al., 2003). This property
- ‘<
sweatin mi

makes ferulic acid left durin\ l N &@%’and thus reduces its cosmetically
acceptable. Conjugation glith“ther Qﬂes &xtend its side chain may improve its

¢ ',' (.)

solubility in diverse qéal (1 Ql 101‘@61’(3 are several documents reported that
gi e fnti ‘é

S

esters of ferulic ibit tiogrdant activity than the acid itself (Kikuzaki et
al., 2002; Far Vll‘ 2006). The preﬁce of the ester group makes the compound more

which

lipophiliﬁ ing a better transportation of the compound across the cell membranes,
arcu

in lipids (Scapagnini et al., 2004).
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23 Synthesis of Ferulate Esters

Ferulate esters have been produced since decades ago via enzymat & iification
s?’

by introduction of ferulic acid to alcohols. Guyot and co-workers (199 2 ¥rst¥eported the

synthesis of ferulate esters which carried out in stirred flask and \gtalyzed by using

Novozym 435. They found that esterification of ferulic was m@ble using alcohols

with a carbon number greater than or equal to 8. The findga® a\?ordance with
edi aﬂd\lvng-chain

other studies concerning the ability of ferulic acid to egerifyVin IS
alcohols using similar reaction system (Stamatis et al%mﬁl i ¢
\ N

Y' 4\‘”

However, Kobayashi et al. (2003) reported \%tlon rate fel‘é‘e esters synthesized
S,
c@se of the presence of

by using ferulic acid as substrate a‘%ﬂal&y}b
o AN
conjugation with a carboxyl group'& acl a by <ﬁaed structure in the non-
. . . \
carboxylic region. Later, Yoshsda Ral. 2 ﬁ

06) qve raded the reaction system by
applying a plug-flow reacto&ys n" \& steﬁ‘ cption between ferulic acid with 1-
pentanol, 1-hexanol and @no
Due to the hydrophi 'b.mfo u

affect the catalﬁ%vity g(ug?megd possess low stability in various solvent

on@ons greater than 90 % were achieved.

S

. @ct esterification of ferulic acid can badly

systems (Xin =201 1);
Despite such difficulties, more interests were given to produce ferulate esters by

enzymatic transesterification between ethyl ferulate (naturally occurring alkyl ester of

ferulic acid) and triacylglycerol (TAG). The incorporation into TAG could potentially
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result in novel molecules which having combined beneficial properties of both

polyunsaturated fatty acids (from TAG) and phenolic compound (from ethy

1 ferulic).

Repeatedly, researchers keep put much efforts on improving ferulate e &esm

system which offer more simple reaction, maximum yield of ester pr

e and reach

equilibrium in a reasonable amount of time to be industrially attractive Eevexal research

papers on synthesizing ferulate ester have been reviewed and sumv

l

as in Table 2.1:

! ‘§
TABLE 2.1: A Literature Survey on Ferulate Ester GSIS -

\3'
Catalysts e arl?ﬁ

Substrates References
EF + Novozym % el 1 n -EY ferulyl Compton et
St 435 dlole as ac}'l u in threefold  al. (2000)
Triolein
EXC s \ca Alelfﬁ'e @71 hrs
EF + Novozym 74 o 0 'eml Inwﬁ;lem and ferulyl Compton &
J 3 435 in eedasing supercritical CO,  King (2001)
Triolein
\wth l 1 Tyf10 ofe@stl ates after 48 hrs
’v
FA + NO\%\ pbli &9!1 plug flow reactor system in ~ Yoshida et
% he ion improves FA conversion al. (2006)
| -pentanol, < : K g

1-hexanol,

re elt 90 % after 40 hrs

S

1 —hcptan:i
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EF +

Soybean oil

FA +

Glycerol

EF and FA +

Flaxeed oil

EF

Triolein

FA +

Ethanol

EBE o

Soybean qil

S

Novozym

435

Pectinase
PL

“Amano”

Novozym

435

Novozym

435

ovozym

435

Reaction  with monoacylglycerol and  Laszlo &
diacylglycerol from soybean oil showed  Compton
improvement in EF transesterification YQO%)

compare to the used of raw soybean oil c\

Pectinase PL “Amano” from Aspergi Matsuo et

niger is found to contain ferulicacid al. (2008)

esterase which catalysed the est riﬁcNon of

ferulic acid and the immobil xym,e can

be reused at least fi es, Wth

’

Y-
N
QO

significant loss in activi

ieldd (g ¢ V@' Karboune et

A lower bioconvegsion
obtained with Y;bﬁt\due %\Ee al. (2008)
formation &)1 roly&es by-
product l&c \n}t enzyme
stib &fe (29 %)

c
activity §%‘e &
9 Q
The N st Ibe-ﬁs‘{ng a vacuum-  Xin et al.

N
Gtai evaplrat ng @cdure affords a (2009)
9 0

%o yQ efl|4gg ester after 72 hrs

ers esis was developed by [:3 et al;

i,r'ov&ye irradiation where up to  (2009)

0% o pﬁét obtained within 3 to 5 min
g 4

Soluti@"‘z.()f EF and soybean oil formed Compton &
were recirculated over fixed, packed beds to Laszlo
produce a mixture of feruloyl soybean oil (2009)
glycerol species having a combination of

one or more feruloyl moieties and one or

more fatty acid moieties on the same

glycerol backbone
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EF +

Triolein

EF +

Fish oil of cod

liver

EF +

Monostearin

EF +

Distearin

EF +

Castor oil

Novozym

435

Novozym

435

Novozym

435

Novozym

435

Xin et al.
(2011)

speed agitation, catalyst load, temperature,
and substrates ratio. The model can b \z
described adequately by a ping-pong ba’ béq

mechanism with triolein inhibition

A kinetic model was developed from the

effect of various parameters studied such as

Effects of several parameters wefggstylied Yang et al.

(catalyst load, temperature, ratio (2012)
and reaction time) and additi g y‘elol
to the process increased th nvgrsio

EF up to 924 % V\% assiftar g,f‘i-'}
response surface m gy (B \’Y"

X

Y.
Effects of sev Mam re s‘@'ed Sun et al.
(catalyst |1 %lperatul nd é%ction (2013)
time) and@hg EF COEM A ﬁé.ed 98 %
after23 dedoptir i“atio ng RSM
A“"
Ef ramgrs were studied  Sun et al.
% st lo :‘ﬂpe@lre and reaction (2014)
tinte) vprsion reached 97.6 %
ftemnd4 hggflinde imization using RSM
)
& ! (’?
fect of 5(\/Je al parameters were studied  Sun et al.
C St ,@ temperature and substrates (2014)

removal of the ethanol from the

of EF

ratio)
% ‘\ 6y l o 0
process resulted in almost 100 %

conversion

FA indicates ferulic acid; EF indicates ethyl ferulate
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Nevertheless, there are several shortfalls exhibited from the ferulate esters syntheses

before. One of them is the long reaction time to achieve high conversion (Compton et al.,

2000; Compton & King, 2001; Xin et al., 2009). Shortest reaction time %Z to five
wdve

r, the use

<

minutes was proposed by Li et al. (2009) using microwave irradiation
of concentrated sulfuric acid as catalyst is highly corrosive especiallyw production of
daily-wear cosmetic products. Due to the high stearic hindrance molecule, Laszlo
& Compton (2006) have generated monoacylglycerol and @/«: ‘Jl from soybean oil
for better ferulate esters conversion, but, introducing tlgg addTtion l%gfrc%v[eps are

uneconomical for large-scale production. In addition, s®gral repe -chérs ¢

N

igh of the enzyme

ned that the

use of Novozym 435 brings about significant prgblen¥du

which makes overall process expensive £stricts 10yZappfiCYtions in industries

(Fierback et al, 2009; Reyes-Duarte G—’ 2@},@% @way & Sen, 2013).
? 0 ]

Therefore, any modification step wif& er th®gro ss“esAﬁlomically and industrially
Ry Sy . Ny

infeasible is required. Y. %

N
c‘) 29/ 24
24  Lipases as Biocagdly

(8':1,),.4‘

Among tH§ vous kinds of blagélyst available, lipase has been widely used in
N

chemical %@S due to its biotechnological potential. Lipase (triacylglycerol

acylhydrOge¥EC 3.1.1.3) is considered as the most versatile group of enzyme found in

wide range of selectivity, display varied stability, commercially available and

nature wit
undergo simple reaction with no cofactor requirement (Hasan et al., 2006). The first

commercially successful lipase was introduced by Novo Nordisk A/S in 1988 under the
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~ . ® . . . . .
trade name of Lipolase”, which originated from the fungus Humicola lanuginosa (Jurado

(_}Y'

Lipases can be of plants origin, animals (pancreatic, hepatic and gasﬁc) or more

et al., 2007).

abundantly found in microorganisms (bacterial, fungal and yeas% eh et al., 20006).

ost, availability and

'et

ease of purification compare to animals and plants li (B 1\¢ 2010). In

ol
mammals, several tissues and organs also contain lipasdgNgeluding he 1,’br Wy muscle,
arteries, spleen, kidney, lung, liver, adipose tissue mg\' 1alajpases present

advantages in thermostable and resistant to CEM deﬁ‘a aJion ﬁ animal lipases

which make them attractive for many industmplicqti\o llﬁ'{Qal., 2000).
NS
]

q Q
: . e &
2.4.1 Reaction of Lipases \ Aj AN

, 3

Lipases can cata&\ lq@mbew f reactions including hydrolysis,
@

esterification and transe{lgalM® at n’%ylllb&b elow:
= 3
& vk S

: ] \,‘T

i Hydm% J\—,

@d fats are compounds known as fatty esters or triglycerides. Their

hydrolysis essentially involves in the presence of water to produce both carboxylic moiety

Many of the lipases studied in plants shown better specificigy, |

4

(free fatty acids, mono and diglycerides) and alcohol moiety (glycerol) in an aqueous
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emulsion. The hydrolysis of oils and fats is an important industrial operation. A

significant number of high-value products require fatty acids in their manufactures

including coatings, adhesives, specially lubricating oils, shampoos and@Croducts

(Murty et al., 2002). A
R;-COO-R, + H,O = R;-COO-H + Rg%:

ii. Esterification

Esterification occurs between free fatty

low-water systems. Ester and water will be&&

be removed to shift the thermodynamic \briu

yields of esters. In other word, ester@ i}i

the water content in the reacti Wre. iari
have been published (Linder Q,Q)O \Z&

iii. Tran5\
=

rm transesterification refers to the exchanges of acyl group between ester
and an acyl donor. When the fatty acid acts as acyl donor, the reaction is called

acidolysis. Alcoholysis occurs between ester with alcohol and aminolysis is between ester
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with amine. The reaction involving an exchange of acyl donor of one ester to another

ester is called interesterification. Thus, a different ester from the original esters will be

produced. The study on lipase transesterification and their potential z&zmns in

industry have been established (Wu et al., 1996; Joseph et al., 2008). ; s

Acidolysis A
Ri-COO-R, + R3-COO-H =R3-COO»¢RI- %
| ]

Alcoholysis

R;-COO-R; + R3-OH ‘_—‘\
Aminolysis e

R;-COO-R; R&-H2 :, ijf
: , P i s
N
l
Interesterification &\ Q §
S o3
R;-CO, R¥C §R|—COO-R4 + R3-COO-R;
R

< ‘ \ L 4
A N
S
N
Their catalyt;’ w composed of a serine (Ser) residue, a histidine (His) residue and a

carbo% ue [aspartic (Asp) or glutamic (Glu) acid], is usually covered by a
hydrophobIC oligopeptide often called a lid. The lid is closed (inactive) when exposed in
water and the hydrophilic side turned towards the solvent, possibly to prevent the

aggregation of the enzyme. The lid changes to open (active) upon adsorption of the
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lipases onto a h};drophobic media or water/lipid interface to permit the eﬁtry and binding
of the hydrophobic substrates. This phenomenon is referred to as “interfacial_activation”
(Overbeeke et al., 2000; Foresti et al., 2005). Housaindokht & Monhegat 3) have
investigated the large dynamical movements of the lipase lid (Figuxc&) in different

media through molecular dynamic simulation of Burkholderia cepaciai;ase (BCL).

(a)

FIGURE 2.2:  Graphical Representation of BCL in (a)@) Wtical Propane
¥

’
(Housaindokht & Monhemi, 2013) | .i-)
d b
~ -
- VAN

-

The mechanism f%k fo

\
@ysis is composed of four steps (Figure 2.3):
NV

A syBwgate reacts with the attive-site Ser, yielding a tetrahedral intermediate

6’ ed by the catalytic His- and Asp-residues.

1
1 Alcohol is released and a covalent acyl-enzyme complex is formed.
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iil. Attack of nucleophile (water in hydrolysis, alcohol in (trans-) esterification) forms

again a tetrahedral intermediate.

1v. Dissociation of this intermediate releases a new acid or alcohol a%&w ester.
The enzyme becomes free and ready for another catalytic cyclé hholz et al.,

2005; Magnusson, 2005).

FIGURE 2.3:  Reaction Mechanism of Lipase (Magnuss 001) \d‘

seri0s J(j\ é 2 ij 'Q\vﬁemms

o .
PR, S5 NGl
—_—~ 3 ! 1
/T \e f,H->_;N/\N,—"H \ \o\ ,"H
Asp187 o ~,\ / e e o
A—— \ ,\ .——H<» 3 ; H
s 7 QO ) N
i Free enzyme s 44 Ql, i ]
& i ¢ \\//
l : ’),?/
R3 'Q%srmedtate .
- o i Thr4Q v
RZ
.‘/
“A/
/o\ Ser195 ]
/(e O~
Aspi87 s < \k\
p o) N 0
7 \ N
His224 N/
His224”

Acyl enzyme

Qope for the lipases application in our industry is enormous. Lipases are used

in two distinct fashions; as biological catalysts to manufacture other products (such as

food ingredients) and by their application (such as in making fine chemicals) (Hasan et
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al., 2006). The various applications of the lipases in industry are summarized in Table

Yv

TABLE 2.2: Industrial Applications of Microbial Lipases (Sharm 1.,2001)

Industry Action Applicati(;vl)roduct

Detergents Hydrolysis of fats Removal V&sgains from fabrics

Bakery foods Flavor improvement @fe 'olon ation
Beverages Improved aroma evergels * C)\Y'
A\
Health foods Transesterification 2 Hea foo‘t~
Y~ N
Fats and oils Transesterification; ter, @%.an'ne, fatty
e 0) e
hydrolysis \ am@glyeelol

Chemicals Enantiosele %

Pharmaceuticals Tr 1 igh; cialty lipids, digestive aids

Cosmetics &
Leather
43' ’

243 bﬁzed Lipases

2.2.

Emulsifiers, moisturizers
Leather products

Paper with improved quality

Immobilized means it has been confined or localized so that it can be reused

continuously. One of the main obstacles for industrial application of lipase is the high
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cost of the biocatalysts. Therefore, immobilization of lipases is a necessity to make them

more attractive for industrial processes. The first attempt to immobilize a biocatalyst is in

u& rocess
Nemlostability and

lie used repeatedly
togelecrease
.gi.e reas

C-)
@g the need

Y
et ahg004; Shafei &

1953, while in 1969 immobilized enzyme was used for the first time in ind

(Murty et al., 2002).

The aim of immobilization is to enhance lipase properties su

activity in non-aqueous media. Furthermore, immobilized li n

cC

?,

4

resulting greatly reduces the cost of the production. The gasie ery,

|

L]
uyyavoldl

in potential for contamination of the product via rest lipas

205%; Kn

for downstream thermal treatment (Murty et al
Allam, 2010). Immobilization of enzyme c
materials (carriers). Buchholz and the

methods of enzyme immobilization |

as shown in Figure 2.4.

FIGURE 2.4:

Inclusion

1lization
in carriers \C,V (soluble forms)
o Binding Inclusion into Microencapsulation Ultrafiltration
" to carrier carrier (in (semipermeable svstems (hollow
microorganisms) membrane) fiber modules, etc.)
Adsorption Ionic Complex Covalent
binding binding binding

(metals)
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24.4 Novozym 435

Novozym 435 (Figure 2.5) is one of the commercial immobilized enz&&isolated
from Antartic yeast Candida antarctica lipase B or CALB. Novozym ﬁ%physically
adsorbed on the macroporous acrylic resin Lewatit E (Arroyo et al., ¢ Castro et al.,

2000). Novozym 435 consists of 317 amino acids and has molecul 1ght of 33.5 kDa

(Uppenberg et al., 1994). It is primarily intended for solvent- ctlfn synthesis. Also

known as a non-specific lipase, Novozym 435 can prom ide 1an 1ansfex

reactions between varied compounds (Yasmin et al., ; Duan fet 2'01-&(—’Yadav &
J'

Devendran, 2012). Y'
&‘” ol
A\e &

FIGURE 2.5: Electron Microphotogra ?5 @es et al., 2008)

245 Lip@ﬂ\’l M

Another commercial immobilized lipase is Lipozyme RM IM (Figure 2.6) from

Rhizomucor miehei fungi. The lipase is supported on Duolite ES 562, a weak anion-
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exchange resin .based on phenol-formaldehyde copolymers (Rodn'gueé & Ferandez-
Lafuente, 2010). The enzyme is describes as a single polypeptide chain of 269 residues
with molecular weight 31.6 kDa (Rodrigues & Fernandez-Lafuente, ZOI(NRV.iew of
regiospecificity (1, 3- specific) and economics, Lipozyme RM IM i& ial interest
which can catalyze reactions only on primary hydroxyl groups of?&ceﬁdes. These

preferentially release fatty acids from positions 1 and 3 to give%my acid and di- and

or mono-glycerides (Kapoor & Gupta, 2012). é
NY.

| &
FIGURE 2.6:  Light Microscopic Evaluation of Liptgyme W

arti (Phuah et
N
al., 2012) \S °\ S‘
2.4.6 Dual Lip<$\'
U g ently, there have been few attempts to use combination of two lipases

with@\l specificities, also known as dual lipases system. This concept has been

applied in two forms; immobilization of crude lipases onto one support and application of
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commercialize immobilized lipases concurrently. Several research papers on the use of

dual enzymes system have been summarized as in Table 2.3:

TABLE 2.3: A Literature Survey on Dual Enzymes System 1%
Process Dual Enzymes System Tences

Hydrolysis of Glucoamylase + pullulanase R pta (2004)

starch %
Modification of Lipase AK + rah HMZO
bulky oils | (’)
Lipozyme TL IM J Y:\
N

Lipozyme RM I Y'
Novozym 4 Q &

Production of Novozym 435 + l I(.%o et al. (2012)

wax esters \
Transesterifica- Penzczllz%zpuun

tion of biodiesel \ '

hemmon

ugithjiﬁs + Lee et al. (2011)

7 . ‘ |
1izO7
s b') : .
andida@ugésa hizopus oryzae  Rodrigues & Ayub (2011)
A\ S

Candida antarctica + Rhizomucor ~ Banerjee et al. (2013)

§ miehei

Synthesis of bio- Novozym 435 + Lipozyme RM IM  Malhotra et al. (2014)

lubricant
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These dual enzymes system demonstrated several advantages including enhanced the
conversion within time (Guan et al., 2010; Lee et al., 2011), offered advance catalytic
activity (Rodrigues & Ayub, 2011) , displayed synergistic effect (Ibrahim e'Y'}OO?E)

and improved thermostability (Roy & Gupta, 2004).

2.5 Olive Oil as Reaction Substrate

(,q }fy

Olive oil is a product extracted from the fruit o c( WL. (Oleaceae

L ] \X.
family) tree by mechanical or physical means. With P ent 1lh.A(Q? aromatic
e
at a

liquid, olive oil known to be one of the healthiddl so @d the world
(Baumann & Weisberg, 2010). Practical %V the ~agly gembl oil that can be

consumed directly from its raw material ntaﬂ t{-hntlonal elements with

S
sensory properties (Baccouri et al.,
A‘o
\
I
In facts, olive oil has been us e s @0 a ds of years. Egyptian pharaohs

used olive oil as pelfume d m Jstun the m and hair. It is said that Cleopatra

_

N
was the inventor of the t1 #n gr%a@éi/ mixing olive oil with milk, incense and
e
v

juniper berries. R%kusec}o ssage oil for athletes and salve for soothing
wounds (VlOAVIOla 2009; @mnn & Weisberg, 2010). For non-cosmetic
appllcatl 011 is widely used in cooking, biodiesels and fertilizers (Wiesman,

7009®1desplead applications of olive oil with medicinal properties should be

related to chemical compositions of the olive oil itself.
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2.5.1 Chemical Compositions of Olive Oil

Generally, chemical compositions of olive oil can be divided into tw% ; major
and minor components. The major component also known as saponifiabl raalon, which

is contributes 98 to 99 % of total oil weight. Meanwhile, the minor coWent in olive oil
or unsaponifiable fraction represents about 0.5 % to 2 % of Q!Mt which includes
0).'

N
. 1S
i. Major Component
s b g
\ v
Y ¥
In the nature of olive oil, TAGs are@n cont t. Iéhemical term, TAG

is a molecule derived from three fatty a@lolecu\%c p@o a glycerol backbone.

more than 230 chemical compounds (Samaniego-Sanchez et

' =~
& o/

TABLE 24: Position@ib tlon oF Fa cids in Triglycerides of Olive Oil
5

(Guns&@ l'.,‘
a cids (mol ¢
r_@; ds (mol %)
o

Position ] 6: Xi8: 0 18: 1 18:2 18:3
(PAO) (Palmitoleic)$(’8teaﬂc) (Oleic)  (Linoleic) (Linolenic)

1 il 0.9 2.6 71.8 9.8 0.6

0 1.4 0.7 - 82.9 14.0 0.8

3 16.9 0.8 4.2 B9 3.1 ]38
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Among the TAGs formed in the olive oil, the level of oleic is represented in much higher
concentration compare to the other acids such as palmitic, palmitoleic, stearic, linoleic
and linolenic (Baccouri et al., 2008). High content of monounsaturated fat @oleic
acid) is necessary for human health and has proven beneficial effect on@holesteml

levels (Salimon & Farhan, 2012).

ii. Minor Components

a) Sterols

The main portion of the unsaponiﬁ%

chemical compound having a characten'stt thre

In olive oil, it is present in the free f@%est
2005). Sterols have shown anti-in \101 ;
anti-oxidant and anti-tumoral a% Hatz is; ¥

b) HydrocarbogE%

I ’
\
LY s aa) S
Squalene&i;o 50, 2,6,10; 5,{9c§¥ﬁexamethyl-2,6,10,14,l8,22—tetracosa-hexaene)

N .
is one of t \drocarbon found in olive oil (Aguilera et al., 2005). High levels of

"(j’

squalenfgge™lso found in human skin lipids and adipose tissue (Tsimidou, 2010).
Squalene Shows some advantages for the skin as a quencher of singlet oxygen and
protects human skin surfaces from lipid peroxidation due to exposure to UV light and

other sources of oxidative damage (Huang et al., 2009). Another smaller proportion of
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hydrocarbon constituent is [-caroten, the most important provitamin A source

(Samaniego-Sanchez et al., 2010).

c) Phenolic Compounds s )
Olive oil is unique among other vegetables oil due to %zvel of phenolic

compounds concentration. Phenolic compounds have been, id d as an important

factor contribute to the extraordinary stability of the olivaggsihg s@on, thus can

act as potential antioxidant agent (Tura et al., 2007).

phenolic compounds can prevent certain type of d?

cancer (Ouni et al., 2012). V 0‘

.
-inflamfmato ffi@’koftllese

incldyn th@'élerosis and

Because of its beneﬁc%iz resegfchey’ df QWe oil’s value from variety of
s L 4
RN e

ve oil has been reported to be an

G

lna(ti)@ including xerosis (dry skin), pruritus
(itchiness), seborrh 1ufl r @lin sores), eczema or dermatitis (rashes),
burns and otheA&us daﬁl;;%a%ﬂ'et al., 2010; Baumann & Wisberg, 2010; Ruiz
et al., 2010). ment with olive oil }:s no side effects and does not traumatize the skin.
Howevefngacpplication of olive oil alone onto skin is not practicable since it is too oily
to apply d¥ectly. So, addition with another valuable compound will improve its texture

and performance.
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2.6 Response Surface Methodology (RSM)

A far and wide used technique for evaluating interactive effects in %e. based
processes is response surface methodology (RSM). RSM is defined as a% al method
(Appendix B) that uses quantitative data from appropriate expewm designs to
determine and simultaneously solve multivariate equations and Nrate mathematical
model that describes the overall process (Noordin et al., 20 tx‘iing to Bezerra et
al. (2008), the main objective is to achieve an optimizagon, 1I¥ ot rw\gﬂto\g‘ea‘[e the

é} e

(indfp nd tvaé%bles). RSM

best possible response which influenced by several fa

was developed by Box and collaborators in the 5%:3 th

N
Xopuhég'sponse-surface
analyzers nowadays include Design-Expert, d Statg

s 6&&1, 2009).
S A
7]
RSM offers vast advantages over coan nil %j(\/ajgﬁ'npaa, 1991), such as:

X~ S
(
1. Enables study on the e se\q ® Q} vidually or in combination.
O
il. Only small numbe@eﬁ nts geces o conduct a research.

N
1. Reduces the co 'ml req??!bl‘dgt)emlination of the optimum process.

FI#

2.6.1 Five-SélSM Procedur@

on reports by Giovanni (1983) and Bezerra et al. (2008), summarily, RSM

can be successfully implemented by used of the following five stages:
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Stage 1: Screening of factors

Numerous factors may affect the response of the system studied; @3, it is
necessary to select those factors that are most important with major, ec;. The more

prevalent factors evaluated in the enzymatic syntheses of femlatew were reaction

temperature, reaction time, amount of enzyme, substrate Nration, amount of
molecular sieve and speed of agitation (Kumar & Kanwagine'\alzim 1).

"3
1S
Stage 2: Definition levels for each factor
2 7

" S'
The range of level for each factor \ Ee,etenni ro@experimental work.

plengan ?n&é&jgated at five levels: 40, 50,

The levels are initially set fairly broad o%i mc@@% @esentation of optimum.
6 =
WM

The factor of reaction temperature, K
60, 70 and 80 “C. Once set, a gr

performed to ensure that the

softwarcaQeNen-Expert, JIMP, Statgraphics, etc). They comprise of a selected subset of
samples 10 be tested from the set of all possible samples that could be tested with

emphasis on those closest to the central point of the factor levels. Once the samples are



32

specified, experiments are performed to test these samples and obtained quantitative data

The simplest design which can be used in RSM is based on a linear wa here the

for use in subsequent statistical analysis.

response should not present any curvature, also known as first-or del. The most
common first-order models are 2" factorial (k is the number of con factors), Plackett-
Burman and simplex designs (Khuri & Mukhopadhyay, 201 is nloclel is assumed to
be an adequate approximation of true surface in a small gegiompof ct01
(}’s
wr

In contrast, if there is a curvature in the response sur e, t \N;ugher ree polynomial
0‘ quﬁ used second-order

‘kThe central composite

should be used, also called a second—ordel he m

models are central composite and the Behn

design (CCD) is preferred for four @ g c‘:’els When less factor and
Mo

ate (Khuri & Mukhopadhyay,

levels involve, the Box-Behnken Ws i1
2010). An ability to describe aadl vj;ﬁ rakes this model appropriate for
analysing maximum, mu&n an ' gafr sa@omt.
el LY
5 i
Stage 4: Mm%-staﬁst al &e%Went

$

Q antitative data related to each experimental point of a chosen design are
analysed™nd interpreted then, to test either the model is fitted or not.

3

-iﬂ..
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Analysis of variance or ANOVA (F-test, t-test, R’, the adjusted R? and lack of fit) is a
more reliable way to determine the adequacy of the fitted model. The central idea of
ANOVA is to compare the variation due to the treatment (change in the CK&ation of

factor levels) with the variation due to random errors inherent to the masuralent of the

generated response (Bezerra et al., 2008). T

el te me . where

In addition, the relationship between factors and the res :an 'be determined by
n

regression analysis. A regression analysis is performe,
coefficients with P-values of <0.05 are generally cof®gcred highfy mgc‘ént (Haaland,

1989) and therefore included in a mathematlcal mo 1 kn

\c 1eg$‘0n model The
QU moé&equatlon Usually

gk'\&d through experimental
S
<?;'
T
Ca ' S
Stage 5: Determination of the lm&j{ Lfnczq
S

O
The graphical \%lzatfn‘o cv'pxei?led model equation can be obtained by the

\
i "l%_@lesponse surface plot is the three-dimensional

estimated response could be easily calcul (@, usin

the behavior of the system is unknown € mo %

3

work to fit well (Bas & Boyaci, 2007)

_

response sur tace ot

‘i,

dome- shape owing the 1elaﬁ&ﬂshlp between the response and the factors. And,
two-dir ofa contour plot is consists of lines drawn in the plane of factors. It is
poss toJlind the optimum region through visual inspection of the surfaces (Bas &

Boyact, 2007).
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2.6.2 Advantages and Limitations of RSM

Giovanni (1983) stated that the successful use of RSM is depenﬂg:lpon the

following five assumptions:

1. The factors critical to the process are known.

il. The region of interest where the factor levels influenc
i1, The factors vary continuously throughout the expgerim :

. . S ()

1v. There exists a mathematical function whicl&€lates thef falfors & measured

response. z

V. The response defined by this functio\

1. Large variations in actors\lw;y
il. Incorrect speciﬁw nd : ientg"
‘e
to an inaccu™ defeription Yf he ogimum conditions.
RN
ge

v W ) nan‘: road r 0 or levels which prevents determination of the
N

proc Ntimum.
iv. éé use of statistical principles which give biased results that in turn leads to
c

a orrect mathematical model for the description of the optimum.

%

J\ s
&
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Therefore, today, RSM has been effectively employed for studying and optimizing
numerous processes including lipase-catalyzed synthesis of various esters either through
esterification (Kim & Akoh, 2007; El Boulifi et al., 2010), transesteliﬁcatio\!‘nawan

et al., 2005; Zhao et al., 2014) or alcoholysis (Abd Rahman et al., 2011) 3
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