CHAPTER 2

LITERATURE REVIEW c\:

2.1 Enzymes in Nature
Enzymes are one of the most significant and interesting substances found in

nature. Enzymes have three features that make them useful as bi | catalysts. First,

an enzyme's primary role is to speed up a reaction by givin erna}e pathway for a

reaction with minimum energy; without enzymes, most gical reaCti s;ni%.l be

. - o
too slow to complete. Second, because of the activ a Specificjpor th{aﬁzyme

that has a specific geometric form that is simil?ﬁe ge&@ ape Ygijgubstrate

molecule, enzymes specifically react vew/ one

(substrate) to make products (FigurN

characterised from a low to a high a%/ Ievehﬁycgv
@
‘% “ &

Substrate

Active site

re 2.1: The Binding.ofa Substrate with the Active Site of an Enzyme
Molecule (Robinson, 2015)

ess than ten of the enzyme's component amino acids are involved in the active
0%. The active site's shape and charge qualities enable it to attach to form of substrate

molecule, causing differences in the levels of electrons in the substrate's chemical

{

<

% v*\;‘
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bonds, which in turn triggers the reaction and generates the product (Robinson, 2015).

Enzymes are able to catalyse the conversion of substrate molecules into Tﬂ

molecules in the following way (Scheme 2.1): (0\

Enzyme
Substrate <—— Product Q
Scheme 2.1: Enzymatic Reactiqew

l

Lipase (EC 3.1.1.3, triacylglycerol acyl hydrolase) i ervasive e, )%Qich

. . ) J )
accelerate the breakdown of triglycerides to glyce ree fatty agids. uL@more,
P 4

lipase causes the breakdown and transesterifica ers a% time,\<§;thesis of

esters also take place. Lipases are group @y\es th‘!} havela wida&lge of uses in
od,

biotechnology. as additives in deterg

2.2 Lipase

a broad range &g&o cation
4

¢
method of aetion knownias “int facig&gﬁtivation," which allows lipases to bind to the
hydrophebi face (AJ a etaly, 2018; Ortiz et al., 2019).

main source of Ilpas‘@ from animal includes porcine, pancreas of human,

@weeps, and calves. Seeds are the primary source of the enzyme in the plant.
n

d os et al. (2013) evaluated the application of lipases from the castor bean (Ricinus

communis), maize (Zea mays), sunflower (Helianthus annuus), and passion fruit
(Passiflora edulis) in the hydrolysis of oils for the production of concentrated fatty
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acids. Fungi such as Rhizopus spp., Mucor spp., and Aspergillus spp, yeast such as
Candida rugosa, Candida tropicalis, Candida antarctica, and Candida cylindra:
bacteria like Staphylococcus spp., Pseudomonas spp., Chromobacl(rjﬁ pp.,

Achromobacter spp., Alcaligenes spp. are the most common lipase sou t produce

the lipase (Thakur, 2012; Filho et al., 2019). Q
2.2.1 Lipase-Catalyzed Reactions Q

As shown in Scheme 2.2, lipases catalyse a nu reactions thatgare mostly
L ]
determined by the presence of water. When the watefagtivity in an aq L'S sq!g&n IS

low, they catalyse hydrolysis and favour the product feste‘as om Icohal?-and long

chain fatty acids. \/z
The four subclasses of transesteri i%are de

that react with the ester. The reactEn bet e%ﬁwo %n{um ester is known as

alcoholysis, whereas the reaction b n am ester and an aéa‘is known as acidolysis.

9 Q
Interesterification is a processm curs disr.i,h(g‘l"esters combine together. In
N
aminolysis, an ester iscactg with aw'lé‘@ resulting is an amide and an

alcohol (Sharma et wl C}/
However, &

are differene€s be@ the chemical and lipase-catalyzed

B

by the.chemical species

%

y

reactions suc?%o es are'a ‘uolpti f catalyst in many sectors since they target

O
a wide @Eubs}r be.yd Iso lipase-catalyzed reactions can proceed under
3 :

milder ons than the chemi eactions, thus undesired side reactions such as heat
S
d tion of the substrates can be avoided. On the other hand, lipases as well as other

mes employed in industry have limited reusability cycles due to their lack of long-
S

m stability under operational conditions. (Yvergnaux, 2017; Musa et al., 2018).



1) Hydrolysis

)
C R'" + H,O0 =<

2 Ester synthesis

0 0 q
R——OH + OH C R' = ch 'R' + H,0
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2 &pplications of Lipases\

:‘%ipases are the most notable because they have high catalytic activity and

strate specificity for some substrates, and they can catalyse a wide range of

processes. Table 2.1 summarises the most common uses of lipases. Furthermore, lipases
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can be employed in a variety of industries, including pulp and paper production, animal

feed, textiles, fatty waste degradation, detergents, medicines, waste treatment,vse

production, and cosmetics production (Filho et al., 2019). As seen in T@, the

majority of commercial microbial lipases come from fungus and bacteria:

Table 2.1: Industrial Applications of Microbial IQa\%;z

A v o 4

Industry Action Preducty/ Application
Detergents Hydrolysis of fats Removal*yof og stains  from

S \d
@
Dairy products  Hydrolysis of milk fat, elopment of avt)ri ent
cheese ripening ilk chegse &hid buttek,
4 b 4§
Bakery Flavor improvement Y%helhh’{ ongaJ@ﬂ'.

Beverages Transesterification c\/ A.Iaao eveﬁgx;s

holi¢ b
Nutrition \ hfood proved aroma
Meat and fish Flavor development \]\\/&t a fish product fat
u) emov
‘@ le i

Laundry Reducing lea cloths

strains \ ¥ <Q

~

Cosmetics Esterif %ﬁ and sun-tan creams, bath
b} I @I,etc.

:
Agrochemical sterificati \ é)‘/ Herbicides such as phenoxy

i % propionate
&
Pharmaceu 'N:%re d9 I p&l)@er Produce various intermediates
% Icohols P ¢ used in manufacture of
% S medicine
Fuel % {r s@rifi@ Biodiesel production

> - |
P Hydrolysis., Paper with improved quality

er Hydrolysis Leather products

Q% (Vermaet al., 2012)



Table 2.2: Some Commercially Microbial Lipases Available by Diff
Companies
Source Application Produm

Alcaligenes sp. Modification of oils and fats Meito xgy

Burkholderia cepacian  Chiral synthesis

Aspergillus niger Dietary supplement a

Aspergillus oryzae Cheese flavor enhancement Hansen A/S

Rhizopus oryzae Dough strengthening é{qoyo!\y?

Candida rugosa Laboratory chemicals igm ric \¢
Flavor production from ei aligy ~€0.

Candida antarctica Laboratory chemical ig -Ald{lzg
Oil-based speC|aIt| zme/

Rhizomucor miehei Cheese flavor ncg enlv(\ Nov@ne

| ouchQDim et al., 2015)

2.3 Candida rugosa Lipase c') \Y ,<\
& \
The easily produced of li me.on lar s(,‘ale rowmg microbial sources
such as fungi or bacteria i re;t’or |da sa (also known as Candida

. |
cylindracea) makes at%/ lipases'thatar SHQ yrelated (Kurtovic et al., 2020).
Lipase from Carwgos@ S a v%&‘éttractive enzyme for the industrial
applications du its struct d su s%a’te specificity, high activity under both,
pp g itstuct :7 c.,Q) pecificity, hig y

aqueous a meou conditions, it has been successfully used in a variety of

hydrol sterifi pact@a\ especially enantiomer resolution (Huang et al.,

/ét

201 ma et al., 2019). \Q,
undant literature is available on hydrolytic and synthetic reactions driven by
6@ including biodiesel production (Sharma et al., 2019). It's also a great model for
studying lipase immobilisation because it's been widely characterised in both free and
immobilised forms (Kurtovic et al., 2020).
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Lipase from Candida rugosa and other organisms can take two forms. One of

them is known as the closed form (inactive), in which the active centre of li

separated from the reaction media by a polypeptide chain known as the "lid* Th

(¢]

protein's surface becomes substantially more hydrophilic. The open fo#%ve) is the
other type, which has the lid removed and the active centre uncovered'to the reaction

media (Figure 2.2). The surface around the active site Qean in the open
teinisurface (Zaidan

conformation is much more hydrophobic than other parts o

etal., 2010).

\ : ~ ' ‘?U-
Figure 2,2: Clof Lid, eﬁ xr’ nd Catalytic Triads were Highlighted by
>

: Oranb(iﬁd lu ors, Respectively (Khan et al., 2017)

v’

exhibits interfacial ation in the presence of water-insoluble substrates.
$ @

ormational shift (the lid moves to reveal the active site) that lipases experience

s aresult of adsorption to an interface, as well as the subsequent increase in activity

gainst an insoluble substrate, is known as interfacial activation. Several hydrophobic

structures, such as insoluble substrates or hydrophobic supports, could increase
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interfacial activation. When the lipase is immobilised on hydrophobic substrates,

however, it experiences interfacial activation/conformational modification (Kurvm

al., 2020). (,}
2.4 Immobilization of Enzyme q

Lipases usually solubilize in the reaction medium and thi es their recovery
difficult. During the process, unwanted changes in some ers ')f the medium's
reaction, such as temperature and pH, may occur, causin enzyme n;;lture and
lose its function (Filho et al., 2019). Many resear e argued |'nn_1é5]hzmg

enzymes onto solid materials could be a V|able to eé; (Amegg 2015).

The immobilization can be described as W physicall 0nﬁn¢at or localized
in a certain region of space with reterma [

used repeatedly and contlnuously

Immobilized enzymes, w e various er bulk or free enzymes,
are employed in a variety rlej N nd pharmaceuticals. Enzyme
immobilization has ma% tages
high storage stabi n ao@? mobili enzymes have improved catalytic
activity, reswtar% emi(j t'|on a@!ﬁ%usablllty of enzymes (Pradubsang et al.,
2018; Asm %ain 019). d (j’)

NN
U%\ tely, )ang@ the enzyme secondary structure or a restriction

on VAAW -catalyst transport, .t&e;lmmoblllsatlon process frequently results in activity

lo rthermore, lipases' inclination to congregate in water may make the
q obilisation process more difficult. High surface areas and hydrophobic supports
ave been shown to enhance lipase immobilisation in both monomeric and open
conformation in this regard. In the presence of hydrophobic surfaces, the open form of
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lipases typically occurs with the movement of the lid, boosting the enzyme activity

(Pradubsang et al., 2018; Asmat et al., 2019; Francolini et al., 2020). Y'

2.4.1 Techniques for Enzymes Immobilization s )

There are different methods for enzyme immobilization as sh iR Figure 2.3,
and the choice of the methods would certainly vary depending o zyme involved
and its application. Y'

} , \' v
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mobilization (Jun et al., 2019)

2411 COQ'
i&%itional method fg_’)' mobilization is covalent binding, which involves
\

ly attaching the enzyme to the substance via a covalent connection. This

oach relies on the development of covalent connections between support materials
d

functional groups of amino acid residues on the enzyme surfaces.
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Side chains of amino acids like histidine, arginine, and aspartic acid are where the
covalent link between the enzyme and the matrix is created. Reactivity is causew
presence of functional groups such as carboxyl, phenolic, amino, indol@ and
hydroxyl. To attain the highest level of enzyme activity, it will be ne@;g/ to avoid
the active center of the amino acid from becoming involved in the bwg'process. To
activate the support and make its functional groups subs nMelectrophilic, a

particular reagent is usually utilized. The electrophilic grou e then pfrmitted to react

with the e's nucleophilic groups (Sirisha et al., 2016). .\d
L ]

Glutaraldehyde is one of the successive cro@g agents as i hds E@‘ozlity
to connect with both the support and the amino thee{ rmi@%'covalent
interaction. The usage of microporous sil$i anin cov inding with
enzymes resulted in higher in the enz %

nd @ﬂife. The strength
of the linkages gives stability for @bilizatloh

Q@yme cannot be easily
leached from the surfaces of

N
a ch. Unfortunately, this

technique can change the er;iim\ba , nderi inactive (Filho et al., 2019).

(,3 N
2.4.1.2 Adsorption \" "C/Q

Adsorption@nvw@phw@nding of enzymes on the surface of an
inert support @Id e al!,?kgtoﬂgﬁévs et al. (2011) stated that lipase has high
o

adaptatio %ﬂs }u ort g éncy's{ical adsorption method compared to other
metho %ipase andthe S{Jppg/x'also could have direct contact to each other during
i Wization by using ph)&al adsorption method. In this method, the enzyme

ecules adhere to the surface of the support by a combination of hydrophobic

interactions and the formation of various salt linkages per molecule of enzyme (Sirisha

etal., 2016).
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The physical binding of enzymes on the surface of an inert support is used in the
adsorption method (Hanefeld et al., 2009). Lipase has a strong adaptation to
when employing the physical adsorption approach, according to Stoyt%\t al.
(2011). Using the physical adsorption approach, the lipase and th ort could
potentially be in direct touch during immobilisation. The enzyme moléeules stick to the
support surface using a mix of hydrophobic interactions and hMion of different
o

2'016).

Activated carbon and silica are inorganic support e les rw enzymes

salt connections per enzyme molecule in this approach (Si

‘X
by the absorption approach. Kaolin is ecofriendly mat on acetylation, }h@ high

enzyme retainability (Sirisha et al., 2016). K n et al. ) sta@ﬁ'that the

physical adsorption on kaolin granulew theoxmo effici%\v;wethods of

immobilization. It was reported that“mylipase from Candida r@‘a‘a adsorbed onto
poly(3-hydroxybutyrate-co-hydrox ate), e\x% 4)@\activity even after
treating for 4 h at 50°C and reusi 12 chIes (Ca rera@cz?iilla etal., 2012). When

&

Yarrowia lipolytica lipase i ob] onoctyl- se and octadecyl-sepabeads
ted é

supports by physical %Zn res '

g <Q
process control, an Q'tKeeconci \Pas omp to free lipase. These studies revealed
that an environ&nt ac 'upp@()r enzyme immobilization via physical
¢

adsorption wa n to be cost- fe@/ , biodegradable, long-lasting, and effective
NN

(Sirisha@%@.,‘ D)" ‘i'(%\

N
\C-j

re@‘ stability, higher yields, better

2.wonic Binding

0‘% Electrostatic interactions, such as ionic or hydrogen bonding between differently

arged ionic groups of the matrix and enzymes, provide the basis for ionic binding



(Datta et al., 2013). This form of immobilization is non-covalent, and it can be reversed
by changing the ionic strength, polarity, and temperature.

Support materials for this type of method include polysaccharides @hetic
polymers with ion exchange centers. This approach has stronger con between
enzymes and support materials than adsorption but is less effectivg than covalent
binding. The advantages and disadvantages of ionic binding_are ilar to those of

o

adsorption, except they are achieved by ionic binding. Thi

of being simpler and using milder settings than co t bi di.?rg\ﬂs type of
L ]

interaction changed the enzyme's shape and active site, resultingfin i a}e&éaalytlc
activity in most cases. It's possible that the fr(m\{h ier @. leak out
(Dwevedi, 2016). \, o\ {\

\ C§
2.4.1.4 Cross Linking A
Although the cross-linking %r h Jseffective, it I@}ostly and may have an
a

9 Q—

impact on enzyme activity.\ cause me _@Ability and relatively low
N

immobilization yields. Eis Rthod is also known rier-free immobilization since

'13 the advantage

9

it does not require a carrier apd simpl cf%é[jnking agent such as glutaraldehyde

as a cross-linkin@)ur@biliz@ the agent is required to maintain the
B
enzyme's fun@\nd ruct ?Lraug'fstics (Datta et al., 2013).
L N
4 Y*_%\
24.1.5En ment N
N

ntrapment of enzymes in gels or fibers is a handy approach that is only

3

L

licable for substrates or products with a low molecular weight. This approach
O

bles substrates and products to move through, but the enzyme is kept in the cage by

a covalent or non-covalent bond within a polymeric network. Entrapment can take the



form of simple physical confinement or covalent binding. Entrapment is commonly
employed to immobilize cells, but its drawbacks include the support itself act
barrier to mass transfer and the fact that it is irreversible because the enzy@ot be

withdrawn once immobilized (Sirisha et al., 2016). A

The appropriate support must be selected to guarante ttz enz me's efficiency

2.4.2 Clay as Immobilization Support

is maintained and that the carriers do not interfere with nzym sWhe carrier
that is employed to immobilise the enzyme has an ct on its per rpanc%As a

result, it's critical to comprehend the supporting materrats' qua lities a prq@}t~ es (Fang

., . ticdi es e@ the activity
of lipases, which immobilized on diffe gf@orts In additi ,tt@ﬁeractlon between

léme specific chemical,

N,

biochemical, mechanical, and le atio mi 3).
The support can mfluen &? pr% ts, and water in the reaction

the support and enzyme will prow immo Tp

mixture, so it can hav n the C ;irop@-les of the enzyme. For example,
enzyme immobiliz t ydro obicity, which facilitates attraction of
the organic pha trat ent <ﬁcnve center is completely visible. As a
result, many s hav sed this &n%"}o selectively immobilize a variety of lipases

onara % drop@o iC ports@mg their open forms. (Asmat et al., 2019).
e

rent solid materlali_) used as supports for immobilization process.
r, it is only separated into two types: organic (such as polysaccharides and
crylic) and inorganic (such as clay, sand and stone). These materials are best

&]arded as effective enzyme immobilisation carriers (Zucca, 2014).
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To obtain successful immobilization, the support must fulfil all requirements as
shown in Figure 2.4. One of them is that the support's chemical stability must W
in order to prevent the carrier from interfering with the reaction. The ml@glcal
stability is a key consideration when selecting a carrier, and it must b to avoid
rapid digestion. Furthermore, the support should be insoluble in all sokS of solvents so

that it can be reused in subsequent reactions. \,

A

Chemical and
thermal stahility

to enzyme

Support Materials :
Presence of
Reus :Ibl]lh? reactive functional

and price

A‘vai]abi]ity ﬁ ngh :Ifﬁll.it}'

Regenerahol
Insolubility under
reaction condition
Figure 2.4: I\NQ: tures rlals Used for Enzyme Immobilization
2018)

In &-[o en éhzyme activity throughout the process, the
morp w

structure of the s@t should also be examined. The accessible surface

i S?d\the support must be Iarg>enough to allow an adequate amount of enzyme to be

0 pled to it (Stergiou et al., 2013).
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Clay has become a popular choice for enzyme immobilisation in recent years,
owing to its inexpensive cost, chemical inertia, thermal stability, WeII-definedYF!d
structure, and ion-exchange capacity (Cacciotti et al., 2019). (’}

The clay minerals are generally classified into two classes; catim&d anionic
(Ghadiri et al., 2015). To balance the charge, cationic clays use n&fﬂely charged
aluminosilicate layers with tiny cations in the interlayer regio Ms anionic clays

g

use positively charged (metal hydroxide) layers with ani ater molecules to

balance the charge. The presence of hydroxyl group ) o twe of clay

"X
minerals make it as a hydrophilic material, which ink veny easi 'o_&lﬁe}mter

molecules. Clay minerals can be divided into vaki ou% le 2\3$Epending
T

on the layer type (Bergaya et al., 2013). \) o\ %\

Clay minerals are phyllosilicat@ous alumini o@gnesium that are
prevalent in nature. On a nanom(ekjcale, cla '?ral @e a two-dimensional
layered structure. Every layer %oril%nite Tzéé?\example, is made up of

one tetrahedral silicate (Si- % CI inerals wij IS structure feature unusual
m

physicochemical propekti hasc
layered structure anﬁknexchi \:;1 city gﬁiotti etal., 2019)
The presence of'silan \fﬁlon tetéﬁédral silicate (Si-O) sheets can help clay

¢
minerals an C enzyme Iee'ul
NN
hydrogeQn,' gb e enzyé} and hydroxyl groups can develop at the broken
ol

edg trahedral and octah@ clay sheets. A cation exchange process can also be

ic I:iﬁen@’thermal stability, a well-defined
f(ijaeract through hydrophobicity. Furthermore,

\weplace exchangeable cations in the interlayer space, such as Na* or Ca?*, with
ositively charged enzyme molecules. Clay minerals are one of the best supports for

mobilizing enzymes because of their qualities (An et al., 2015).
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Table 2.3: The Important Groups of Clay Minerals (Bergaya & Lagaly, 2013)

Group of Clay Minerals Ratio of Tetrahedral to Composition
Octahedral Sheets
Kaolinite 11 AlzSi4010(OH)s
Smectite (MMT) 2:1 Myx(AlxMgy)(Si (OH)2.nH.0

Pyrophyllic 2:1 Mggsi4010(owv
Talc 2:1 AIzSi4OM

Mica 2:1 WMOHM
ndfor Na, Y=AI and/or Fe
9)
Chlorite 2:2 AlLSigJO18(0
LS
Serpentine 1:1 8 —\

On the other hand, 1:1 type of clay mineral

and no exchangeable cations in the I@ space.

between H and OH groups of their adjacent la

enzyme molecules into their int@paceﬂ Nev: possible to immobilize

<

the enzyme on this type of clay,™whic edges and on their external
surface (An et al., 2013). z (
g 1 < .
Furthermore, the co W stru§§él features of layered clay minerals
allow for a Wid@gof Iymétgo, and organic particle alteration of clay
minerals. The mi rars,

group a %ﬁ)n ed. As a su@modlfled clay minerals have improved features
? J)
e

for en mmobilisation techriques, such as increasing the loading amount, pH
N
t Ms, thermal stability, and biocompatibility of immobilised proteins (Zhou, 2011;

& Keeling, 2013).



2.5 Modification of Clays

Clay minerals can be modified in various way to enlarge its surface area, th?ﬂ(
increasing the adsorption capacities, and to obtain specific chemical a@tural
properties for different applications (Boukhemkhem & Rida, 2017). In M&e, lipases
are hydrophobic enzymes so they prefer strong hydrophobic or electw interaction
with support in an immobilization process. It's possible that the enzyme has a slightly
negative charge overall, resulting in limited interactions eiclay ,nlneral surface.

The layer charge, adsorption capacity, morphology an ion exch paC|ty are

factors which play an important role in the mod@ﬂf the min da@ddm
S h{ ed «Q&glderable

mpl S adsorbents

2017). After surface modification, many re

improvements in the surfaces of numerous ‘materials

(Abegunde et al., 2020). \)

2.5.1 Methods of Modification Ca/ IW rals

- <§F
2.5.1.1 Pillared Clays X
N
iti ved po tulreﬁlflc inorganic moieties (guest

In addition to tr]clm
species) were intercalated iato th 5/ erz!r Iting in thermally stable "pillared"

clay materials. T@mg an o@c or inorganic substance. The use of
inorganic plll@njlsm an the use of organic pillaring agents. The

pillared cl enclature s ete ed by the host clay mineral and the pillaring

agent. 3 tis MM Wh:

ile tl;@gllarlng agent is polyhydroxyaluminum in pillared
p Mroxyalumlnum MMT, fc?example (Sarkar et al., 2019).
% Polymer Modified Clays

Polymers can be added to the interlayer gaps of clays to improve their

characteristics. Physical adsorption, chemical grafting, or ion exchange with surfactants



are the most common methods for modification. During the polymerization process, the

structure of clay minerals is not destroyed. The polymer-clay nanocomposite,?ﬂe

other hand, can increase the physical and chemical properties of the poly@ clay

components individually (Mukhopadhyay et al. 2020; Barakan & Agh 2021).

2.5.1.3 Organoclays \):

The quaternary ammonium salts of the form [(CH3)sNR]%or [(CH3):NRR']" are

commonly used as the cationic surfactants for the formation of organoclaysh(Aroke &

El-Nafaty, 2014). As it is well known, the clay minegals usually hav ret‘ tive

charge due to the isomorphous substitutions in the a inosilifat layers of Qg}y which
w

is balanced by metal cations such as K*, Na* q;d "\I‘he subifkb'{l‘bn of these

inorganic cations by quaternary ammo i@s
clays results in organoclay derivativ (A\Xe -Na?t OLQ.
Bentonite have widely be%%r the%a&ion dé&rganomodiﬁed clay due
W (

D

angedQIe sites of natural

9 %
to its high cation exchange czN CEC Welljm%apacity. Thus, the organic

N
molecules able to inte Iatgn its in#rlay s‘tr@and lead to increase d-value.
adsa

Whereas kaolin would thewgﬁ ofgétles as an outer surface (Sarkar et al.,

2019). The pres@ma |hy yl g{ﬁ@s on the surface of kaolin favors its
functionalizat%\n nZdifier 'S!)uz‘a-&l)ma etal., 2019).

Ca 'Q!ﬂange
b 4

b4
substiﬁel ganic ions with organic cationic surfactant molecules that intercalate into

actions, on thie other hand, have long been used to effectively
t wgallery, leading to an hrease in the basal spacing by expanding the interlayer

cing. During the interaction of quaternary ammonium compounds with clay
Onerals, these organic cations are exchanged with hydrated cations available in the

interlayer region of clay, resulting in hydrophobic organoclays (Sarkar et al., 2019).



In addition, the hydrophobic surface of support can induce the conformational
change on lipases necessary to allow free access of substrates to their active centres:
other words, it has a 'pulling effect' on the lipase's a-helical 'lid" away fro%\ctive
site, resulting in the lipase's 'open’ conformation. Lipases contain c@*econdary
structural "lid" parts covering their active areas in the absence of thmhanism that
make the active sites unavailable to the substrates. Thus, t isNanism is a key
guidance to produce high activity lipase derivatives (Badg mmrge, 2014; Elias
etal., 2019; Asmat et al., 2020). .\d

AY
nt positiv hetg.e\‘e}their
16; OFti al.,.@ﬁ}) which

ly ak\arg enzyrqé*z;olin treated

with organically cationic surfactants %a an exce hyd@ﬁobic support for

enzyme immobilisation (Dong et qﬂ). As_‘&_ t, &€l cts of the chemical
u% 8 )

Organo-modified supports should present an

surface due to the ammonium salts (Golbaha

could interact favorably with the globally negati

change on the structure of the s as well as lipase IQ/ ilised supports, must be
investigated. To the best of MWI , 16 stut@n immobilization process of
lipase on kaolin and m% , and threﬁe t of h,@)phobicity of both on the activity
of lipase have been reported. l 4 %

ioni &danic modifier (Singla et al., 2012). The

!

¢

use of organ sﬂ@iers chas cty'l a@i(ﬁ?, octadecyl amine, dodecyl amine, dimethyl
%v NN

disteary% niung® bro ‘ge, di-éhhyl benzyl hydrogenated tallow quaternary

mmgﬁy

, dimethyl dehydroke@ted tallow quaternary ammonium, and methyl tallow

bg- roxy ethyl quaternary ammonium has been published (Mgbemena et al.,

It is crucial to piek th

b}

6 )
Benzyltriethylammonium (BTEA") are quaternary amine monovalent cations that

can be effective in modifying the surface of the clay. Ramos et al. (2014) used a
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benzyltriethylammonium chloride as organic modifier to immobilize of Candida
rugosa lipase and they found it to be a suitable material for enzyme immobilis ;i
is cost-effective and offers the ideal conditions for enzyme stability @:ient
hydrolysis reaction performance. Aroke and El-Nafaty (2014) ied about
characterization of kaolinite clay which was treated with ca?iz surfactant
hexadecyltrimethylammonium bromide, they provided that th%/. terials modified

can achieve desired surface properties for best immobiliza ormance.

2.5.1.4 Thermal Activation ' "’}VC
This type of modification is a physical treat Whictbin lu the-Qa.J\cination
Y' Y
of clay at high temperature (Nwuzor et al., 2018). activation™” breaks the

hydrogen bonds between the dioctahed@:he ult a 0$@Iay minerals are
remo y!

generally calcined prior to use to t \Q? anjL drated water and
;’ A

impurities. Thermal treatment ingy about jthe m@iification of structure,
9 Q—

physiochemical properties anN osition e clqgﬁ'ﬁnerals. These alterations
N

differ depending on thegelay ilneral or

size and heating regime. The conti hé@rcorrespond to the dihydroxylation.

This causes the b@hin@truc@ break down, resulting in the collapse
of the structu@a r71ueti nf!atiﬁn)(é;(change capacity. (CEC) (Nwuzor et al.,

x18) ’3- : u): §J

. I 4
2517 d Activation \c'j

%e modification by acid activation involves treatment the clay with inorganic
0 S

changes the physical characterization of the clay such as, the capacity of the acid to

up ygu gre Ing with, as well as the particle

—e—

c

such as, hydrochloric and sulphuric, at intended acid strength. The acid activation

digest and eliminate related impurities such as calcite is largely responsible for
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improved surface qualities such as increased porosity and surface area. Temperature,
reaction duration, and acid concentration are reaction factors that determine twnl
acid activated clay mineral products during acid activation of clay mineralsﬂ%bitical
to guarantee that the modified clay mineral's surface acidity is no d by the
presence of free acid on the clay's surface. This is avoided by thoromwashing the

modified clay until no free acid remains on the surface (Sarkar et al.32019).

2.6 Kaolin Clay .\d‘
Y
Kaolin is either white, greyish-white, or sligh loured soli I‘ic&(mnsists
mainly of the mineral kaolinite and other mineralssi aIJa\I{o uch aﬁaartz and
feldspar. Kaolin is used in different of industrialapplicati

industries, plastics, and it is utilized towacolor, opaci
Natural kaolin is inexpensive and%s good Xﬂb_g}& s@port material. Some
y@ )

uch amic, rubber

: anc@'%tability of paper.

N
studies have been conducted usi n clay for ehzyme Qobilization, as exhibited

RN

in Table 2.4. J N
Table 2.4: F%;dies u 1r;gj.g)l'nsh/ from Different Sources for

|
Origin [t‘ v ' Impiobilization Method Author
Imerys, Paréw ? C nt bond de Souza Lima et al.,

(q . ‘,' (? 2019
Sinophar Chemi Adsorption Wen et al., 2019
Reagen Qgﬁai, China N

¢ <>
Carl a, Cor red{), \,Y' Adsorption Tanaskovic et al., 2017
It \03

i Sayong, Perak, Encapsulation Rahim et al., 2013
ysia
Oankara Village, Nigeria Adsorption Ajayi et al., 2012

Kuala Kangsar, Perak, Adsorption Rahman et al., 2005
Malaysia




The silica and alumina content of kaolin when upgraded, can serve as

immobilization sites for various enzymes (Ajayi et al., 2012). Immobilizeo%z on

natural kaolin was found to be stable in hexane at room temperature for!p t0)2 days

by Rahman and coworkers (2005), and also demonstrated superior st?ut an native

lipase in a storage investigation.

2.6.1 Structural Features of Kaolinite Clay : '

Kaolinite is the main component of kaolin with chermieal fo mMiaO H)a

N
which can also be written in terms of oxides@h-%i 2- ' an&?/vhose
theoretical composition of 46.54% SiOa, 39.5%% .56 20. Tbe}?ystalline

o
structure of kaolinite is made through the zWent yers, Which sandwich a

4,@een in Figure 2.5.

& )
- 3_“ (ﬂ*’

\52.5: The Arrangement of Layers to Form Structure of Kaolin (Von-Kiti, 2017)

0 The adjacent layers are combined by hydrogen bonding involving aluminol (Al-

OH) and siloxane (Si—O) groups (Gebremariam, 2015). Kaolinite is a layered silicate
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mineral having one tetrahedral sheet connected to one alumina octahedral sheet by

oxygen atoms (1:1 layer). Kaolinite's exchange sites are on the surface, and it
interlayer exchange sites (Yao et al., 2014). cq\
Between the layers of kaolinite clay, there is a high binding ener Ited from
three different components which are Van der Waals' forces, hydrogeran between
hydroxyls and basal oxygen groups and electrostatic interacti Mh are caused by
kaolinite's dipolar nature. % '
Because there is no basal inner-surface hydroxyl, drogen Ee fc‘)ér'ned

between the layers of kaolinite clay, and only wea -der-Waal or}es_@rd the

layers together. Organic modifiers have a low a n ap&i to @ specific

exch@;‘capacity of
&

_\O

$

surface area induced by layer cohesion a Y

kaolinite.

NS

>

2.6.2 Cation Exchange Capaci% )

9 Q—
Cation-exchange capacim ) is referring to th.eﬁérél capacity of a clay to hold
N
exchangeable cations ingits stRcture. These a orb@ons will balance the negatively

charged sites. In other words;'the G@ in&t{i}&{he amount of exchangeable cations

required to comp@r the.char hortf\ n the clay particle surface. Higher CEC

indicates mor@e activity d‘.!jls !-v(y's/ult, increased water absorption capability
O
(Forouza % N
fﬂ ot
illustrated in Figure Z&'ﬂre are two parts of clay surface, external surface

a Wrnal surface. The extehil exchange capacity is determined by the number of

@Im bonding sites on exterior surfaces. The internal exchange capacity can be used to

ermine the overall charge imbalance on the layer structure and clay absorption



capacity (Forouzan, 2016). The cation exchange capacity of a clay may be caused by
isomorphous substitution on the flat external surfaces of layers or by broken bov

S

@ @ — External Exchange v

’—‘ Sites

o e

o o . — Internal Exchange

Sites '
o O 'Y

D 4 [’ ] _\“}
Figure 2.6: Different Types of Exchange Sites on,Clay Rarticle Surfaqeand

Absorbed lon Inter ites
Y, QT

Because of the prevalence of ;the octa ral si@ and the lack of

substitutions by other cations suc " 0 me @ue of kaolinite is quite

low compared to other forms %«:ZWI‘S) @Zatlon exchange capacity

of kaolin (1:1 type clay) ¢ om n ed@of the layers, in comparison;

smectite (2:1 type cI w tJ b}; @ substitution within the central
@,

octahedral sheet f e ecule]r Ia\r he CF'\&of kaolinite minerals range from about

&

2-10 meq/lO e d ng 0 prﬂ&)@}ze (Grim, 1968), The low values are most
likely pur I|n reasih mcr@ may be due to contaminants. Olaremu (2015)
report me r se ted the value of pure kaolin clay is about 1 - 10

able 2.5 shows the‘s‘(ﬂerent value of the CEC corresponding to types of the

me
%nerals.
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Table 2.5: Cation Exchange Capacity with Respect to Clay Minerals (Lambe &
Whitman, 1969)

Clay mineral CEC (meq/100 g)

Kaolinite 3-15 (ﬁ\
Ilite 10— 40 *
Montmorillonite 80 — 150

Some researchers determined the cation exchange capacitie lay minerals by
adsorption of methylene blue (MBT) method from aqu sautio (Boxill, 2011,
Ikhtiyarova et al., 2012; Anggraini et al., 2014; Foro 16; Acevedaoget al., 2017;

L ]
Marques et al., 2018; Rosario et al., 2019). Aprile andi (2012) ur'd t)'@X;ing
=\
ea

MBT to determine CEC is a simpler and more r ic methiod with' loweF/operating

Y
expenses and a faster processing time. This approaeh h

the i try standard
for determining the cation exchang@ of cla vatgl@ of applications
(Abayazeed & El-Hinnawi, 2011). c \

The methylene blue ad@ method i qond through a laboratory
h u%‘?ade{{xh'Q de-ionized water is titrated

to a \@.ery clay mixture (Scheme 2.3) allowing

ion of the le. The positive methylene blue
'3
ons o@fe surfaces of clay particles when a

(IT? and specific surface area of clay minerals

% 4
-5

N
a-Na Clay + MB hy&'?)chloride — » MB Clay + Ca-Na Chloride

‘% Scheme 2.3: Adsorption of Methylene Blue (MB) onto Clay

Titration with methylene blue C16H1sN3S-Cl can also be used to produce a relative

estimate of cation exchange capacity (CEC) of a clay soil because molecules are
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preferentially adsorbed onto the negatively charged site that might otherwise attract
cations (Erguler & Ulusay, 2003). CEC is calculated using the volume of me?ﬂ&

blue added to the clay dispersion until the visual saturation point is reache@d by

the formation of a halo of constant diameter around a drop taken from ﬂ%xture).

2.6.3 Surface Modification Reactions and Intercalation of KW:
The functionalization the surface of immobilizatio suRrTis a way to solve

leaching problem and inactive enzyme aggregates. 2. sh@ organic
modifiers used to the synthesis of the organo-modifiéel,kaolin in previ iesggg\ S.
=\
Table 2.6: Some Surface Modifiers used to hesisé gano&?jified
Kaolin X~
’\) é.
Surface Modifier ") hor 4.,
X O
m bromi

Hexadecyltrimethylammoniu \&i EI-_I\I\My, 2014
Tetraethylamonium iodide Py %h mi@@'}Yaldaparsaei, 2015
9 Q—
Chlorhydric acid and sodiN roxide Boum%mkhem & Rida, 2017
N
Rubber seed oils (Hewea b?sillensi @mena etal., 2013
seed oils (Camellia s i
4 2

37
Tetrabutyldimet&gomsila o 4 (U Duarte-Silva et al., 2014
iet

& de Souza Lima et al., 2019
XS

=
o))
>
D

3-aminoprop XYSi

glutaraldeh& ¢ z

Hexadec hylamonigdm/bromide Mudzielwana et al., 2019
(HDT% catiohic suffacta

v v X

N
&

were are two general c%gories of the chemical modification of clay minerals:

%alteration that takes place on the particle's exterior surfaces, and (ii) the change
Ot takes place on the interlayer surfaces. The first group includes modifications with

polyatomic cations that generate ionic exchange processes between the clay surface and



the cation. Aluminol groups, which are found at the layers' edges and basal surfaces,
have a lot of potential as functional groups for reacting with other chemical s pe?ﬂd
forming covalent connections between the particle surface and the reactlr@cules
(Shahverdi-Shahraki, 2014). -\
Although the modifying of kaolinite by intercalation or grafting 6f tiny molecules
is significantly more difficult than that of smectites, some om are capable of
intercalating the structure and modifying the kaolinite rmn to Shahverdi-

Shahraki (2014), these molecules can be divided into ateg riemg\m\cdcules such
3

hydrogen bonding at distinct atoms and are cap orminé hyd@'n bonds;

sulfq@;z;nd pyridine
id a@‘rand ammonium

polar compounds with a high dipole mom

N-oxide, for example; low moleculawr])carboxyl

salts, such as ammonium acetate an ssmm pT_Eg ,<\

These groups provide detera&lons n@ surfaces of the enzyme
molecules and support. Or d ersythat @ be intercalated directly into
the layers can be add bstltutrn P césssbr active molecules. Microwave

radiations were uti &eQ)y Feilzm t al. éﬁml) to speed up the intercalation of

potassium acet solution lthyI éﬂhomde (DMSQO). Letaief et al. (2006)
utilized ure EE epare e yI dlfrlumj%ﬁlorlde kaolinite. The urea acted as a starting
ieving'the ‘w nancsb.lcture

@ous studies have b{n) eported on enzyme adsorption onto modified clay.

materla

aI (2012) reported that the catalytic activity of lipase was improved after

& o-modification and organo-bentonite creates a highly dispersed surface as a result
f

interfacial activation by a hydrophobic microenvironment. Oztiirk et al. (2016)

reported that the highest hydrolytic activities were obtained for lipase immobilized on
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organo-modified clay minerals, highlighting the beneficial effect of organo-
modification. An et al. (2015) also reported that organic modification of clay nwus
is made to enhance the loading, activity and stability of enzymes. \

The orientation and arrangement of the alkyl chain was determineﬂ%/ide angle
X-ray diffraction. Depending on the length of alkyl chain, packing density, temperature;

the chains are known to form monolayer, bilayer, or paraffin ches as shown in

Figure 2.7. Furthermore, the longer the modifier alk hai ans the more
a

hydrophobic partition medium, and thus the higher ads on capac ddition, a

L ]
more paraffinic structure was observed for highly ch clay layer. ' _\f-}

w

P 4
h o - \VY.

SSS SOz
e CZ 277N

'"*v";""'_i*“
(771 DU/ /7

* Silicate layer

a)

o
o

AV
ADEY
EWNE

N AN

Figure 2.7: SU@AI‘ ts Wn@he Clays, (a) Lateral Monolayer; (b)
C

raffin= onolayer; (d) Paraffin- Type Bilayer (Award et

Lateral Bilaye-%Q

alw2019)
2.6.4 Calci of lli i

o gk

e
!kr | decomposition o Y(; kaolin clay yields amorphous structured material
N

c etakaolin (Al2Si2O7). Metakaolin is an artificial material used in advanced

ics, as filler in papermaking, as a pozzolanic material in mortars, concrete and

Qment-wood composites, as extender in plastics and natural rubber (Gamelas et al.,
2014).

36



According to prior study, the optimal temperature is between 550 and 800 °C and
still different from one researcher to another (Astutiningsih et al., 2018). Thew
period also is still exactly undetermined (Rashad, 2013). Metakaolin tym@ntam
50-55% SiO- and 40 - 45% Al,O3 (Poon et al., 2001). Other oxides rﬁk found in

minor levels are: Fe>O3, MgO, CaO, and TiO>. Depending on the mcreie in the heating

temperature, the removal stages of H.O and H,O*/OH" are t ng (Phung-Thi,
2013):
@ 100 - 120 °C: Release of moisture and absorbed water ,‘ Y'
(b) 120 - 400 °C: Mass loss (H.O, H’) carrelated ‘Nl@ pre-
dehydration process which take as r u he reo%énisation

X

in the octahedral layer and an tthe H gr t the surface;
(©) 400 - 650 °C: De- hydrM& i i

accordlngtothefoll%reactlon c %e Q:\

0
Al2Si;05(0H)4 Si2Q5(0OH)x05!« X/2)H20

ScheN he Fo ono akaolin

N
This ocgurs Rh a low val qf @)ut 10% of residual hydroxyl
ma
0

groups in kaoli , “

9 00 C\@olmlt omposes and then crystallizes to form
@Eor ristobalit ,'

I; ’
%ermal tre tment Q\E\EE)Im the principal response that took place was the
&

di ratlon of the kaolin stru\cure The heating reaction separates the mineral's -OH
in, coIIapses the kaolinite structure, and yields metakaolin in the structure of an
orphous aluminosilicate (Al.03.2Si02) (Astutiningsih et al., 2018). Metakaolin has

a limited percentage of residual hydroxyl groups, and when heated for a long time, it



releases water (Guatame-Garcia et al., 2018). Calcination removes the hexagonal layer
of kaolinite and causes atomic rearrangement, resulting in the conversion OYN-
coordinated Al ions in kaolinite to penta- and tetra-coordinated Al ions (A@t al.,
2018). Metakaolin contains high content of Si and Al and is obtaine ting raw
material (kaolin) (Gamelas et al., 2014). Y'

Metakaolin as a support has a lot of potential for enzyme im ilisation since it
has strong mechanical and thermal properties and is ea Y;i

r] from naturally

available raw kaolin. It also has a low cost, is non-toXi¢, and hz;?v\ld chemical

reactivity (Tanaskovic et al., 2016). Tanaskovic a

™
lleagues (2016) &ﬁw\ptoyed
metakaolin as a substrate for immobilisin

da_antascti Ii@B. The
biocatalyst, which was obtained under idew ions;r\wa en su@gajlly used in

the production of lipophilic antioxida |taonversio ields @to 100%.
2.7 Esterification Reactions ) N
6 ,
9 Q—
The esterification reactio ens whe rox;&ﬁélecules such as alcohols or

N
phenols react with acidto generate an gster. o es, an ester is created when the
hydrogen of a carboxylic -a€id S d'r ed by a hydrocarbon group from
alcohol, with Hz@pr ct. Ester is nificant chemical group because it has
N Q
numerous appli S in Vari 'f’el(ﬁ;)mcluding solvents, plasticizers, and ethyl

@

acetate, S k}ee wide u@ged in the production of paint, confectionery,
perfm fruit (Tur aneﬁ'ectgb 2019).

We esterification reactichecessitates the use of a mineral acid such as sulphuric

@hich has a number of drawbacks like harsh reaction conditions, difficult to

D

A

arate, the corrosion of the reactor as a result of the use of a strong acid catalyst, heat

sensitivity, and poor reaction selectivity leading to undesirable side reactions (Elias et



al., 2019). To solve these problems, enzymatic catalysts are receiving more attention to
develop a method that is an eco-friendly technique to produce the esters. Yv

As one of the most important and adaptable components of natural @ and
perfumes, short chain ester is in great demand and widely utilised in tics, food

beverages, and pharmaceutical industries. Despite the fact that flavour ester is

manufactured by chemical synthesis, natural flavours are in em preferred over
Isyar

chemically synthesised flavours. This is because indi e ’nore aware of

environmental issues and are concerned about their ow Ith. As a“result, Ehey seek
natural or natural-like flavours in their food an(gwes. Haweve t’le‘@‘gted
availability of such sources fails to match de?‘ es.@- gh p@ﬁﬁct costs
(Monteiro et al., 2019). \, o\ é‘?
(f)

N ®)
2.7.1 Ester for Flavour and Frag

rance A
- f? N\ )<
As one of the most significa customizab, comp@ents of natural flavours

9 Q—
and perfumes, short chain est& great d an;l‘\@i'dely employed in the food
N
beverage, pharmaceutic, anqcosmeti ind trlles( ult et al., 2014). Flavor is made
up of two types of molecules: volat.Ué‘\ oﬂ'-@atile, which have different chemical
and physiochem@)ert' ! T fIavo% is mostly influenced by non-volatile
N )
components, % V(Ttike C Qﬁ'\erﬁqnfluence both fragrance and taste.
g

ThE %and’ fragrance onadvents are extracted from the natural sources such

4
as plants, s, and flowers or@ﬁroduced by chemical synthesis. Natural extracts'

c Wcial application, on the other hand, is hampered by a lack of supplies and

ensive production costs (Musa et al., 2019).
0 Although flavour esters are now manufactured via chemical synthesis, there is a

rising preference for natural flavours over chemically synthesised ones (Garlapati &



Banerjee, 2013). The odours of flowers and the flavours of fresh fruits were obtained
by a complex mixture of chemical compounds, which is why they are empl?ﬂw
products such as beverages, jellies, jams, sweets, and a variety of other m that
impart fruit flavour. The flavour ester created by the biocatalyst teﬁNe can be
considered close to "natural,” and it may be able to meet customer dWs (Brault et
al., 2014). \’

Chemically synthesised flavours are still a popular 'X:)n manufacturers
for mass-producing this ester. Chemical synthesis takes e at h'gh\em@ﬁures, has
m impurities of b@v;cts
% use .@'G' mproved
d the@f-i} to identify

the product as "natural,” the use of nzymes ner@’ravour esters has

recently gotten a lot of interest (Mu@sl Zﬁx t .@19).
Enzyme-catalyzed synthe% produce various @\@ucts depending on the

specificity or stereospecifici h’e lip 1!%!; ification reaction is shown in

Scheme 2.5. The pas% ades h [ve en' Lr:@blllzed enzymes being used as

biocatalysts forlmpm@them ofe es in the industry (Musa et al., 2018;
!

Elias et al., 20 e2 optirrcl%d parameters in the synthesis of flavour

esters using %al e yr:le 4 (_/
TP
% 4 b)! <>
AN )
W Lipase “
Q‘%C OH + HO R =~ R—O0 C—R + H,0

Scheme 2.5: Esterification Reaction of Fatty Acid and Alcohol to Produce Ester

negative environmental consequences such as toxici

produced during the process, and necessitate

selectivity and quality of product, gentle re
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Table 2.7: Optimized Parameters in the Synthesis of Flavour Esters using Microbial
Enzymes

Microbial Enzymes  Substrates Optimized Aumz

Lipase acid with methanol ~ Temp.: 25 °C

and ethanol Continuous shaking
150 rpm. q
Substrates lar

Ratio: 1:1 m

Parameter (a
Candida antarctica Butyric Time: 8 h ae Souza et

Pseudomonas AMS8 Hexanoic acid
Lipase Ethanol

Elias et al.,
(2019)

Candida rugosa Butyric acid

lipase Butanol c)
Candida rugosa Vaac aci :b}" 124 h Asmat et al.,

lipase Whanol perature: 45 °C (2020)
& % ontinuous shaking at
\ O 150 rpm.
¢ :' C—) Substrate Molar Ratio:
) 4:1 molar ratio of

é‘j alcohol to acid

Aesterification of non{ and hexanoic acid is carried out in this work to form
th\ nonyl hexanoate. The production of an acyl-enzyme intermediate between a
tty acid and an acyl donor, as well as lipase. Because this structure is unstable and

ermodynamically unstable, it formed ester by reacting with alcohol as the nucleophile.
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Lipase will break away from the product and reattach to another acyl donor. Lipase is

not reactive, rather it is the catalyst that starts the reaction (Muhamad, 2012). Yv

N\

Nonyl alcohol, also known as 1-nonanol, is a primary structured o mlecule
with the structural formula CsH120, as shown in Scheme 2.3. It h olar mass of
144.2545 g/mol, a boiling point of 213.3 °C, and a melting point -5 9C. It presents as
a colourless liquid with an aromatic or fruity odour and am Iar?ﬂf 144.2545 g/mol.
Nonanol's main application is in the production of fa noil; refra ive index

ranges from 1.4324 to 11.4344, and its density is 0.827 g/c

5 &
a prim rucu@ﬁ— organic

Nonyl alcohol, often known as 1-non

molecule with the structural formula CsHz1»

lay colourless liquid

;Q\Ang from 1.4324 to
S

Q-
&
i is h@lc acid is acid derived from

*ca&brmula CsHu1COOH. It has an

i'"«,

undesirable fatty, ch&g{waxylo ilar té t of goats or other barnyard animals,

and it is water i qu 'Iubli:a}%d less dense. It can be found in a variety

of plant a I fat and ‘rn @ e. Hexanoic acid is primarily used in the
NN

product ?sters artificial flavours and hexyl derivatives such as

w&ol It has a molar mz%*bf 116.15828 g/mol, a melting point of -3.4 °C, and

a \'ﬂq point of 205.8 °C. It presents as a colourless oily liquid with a molar mass of

6 15828 g/mol, a melting temperature of -3.4 °C, and a boiling point of 205.8 °C.

Hexanoic acid has a refractive index of 1.4161 and a density of 0.92 g/cm3.The

product of esterification of hexanoic acid and nonanol is nonyl hexanoate, with the
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structural formula CisH3002 and it is produced by combining hexanoic acid and
nonanol. The other name for nonyl hexanoate is caproic acid nonyl ester. It havur

mass 242.3975 g/mol and its boiling point is 290.3 °C with the density 0.86@& The

refractive index of this ester is 1.437. *
2.8 Enzyme Kinetics \,:

Enzyme kinetics is the study of the chemical rea iorw are catalysed by
enzymes and It gives reliable data regarding the rate o ctformation and changes
in experimental systems, which may be used to build guitable rea or:.s\{ef: &W up
to industrial size. At its most basic level, enzyme %:IHO}VS or %,

the mechanism of enzymatic action by continuoWdi ibito ter the rate

of a given enzyme-catalyzed process (H@, 2

reaction kinetics and the constants that descsibe the Ki

useful to identify the optimal conditi naor ss>syrv
“« Q-
AN Ko
28.1 MeasurementofE$S inI’ ro erti%\
E

2.8.1.1 The Michaelis n [ 0’
4 ¢ &

The kinetic p Op(ties of f} an be rmined by measuring reaction rates
@w

cla@ation of

ddition, *knowledge the

Qa
c
=

re r dif@(t concentrations of substrate. The basic

of the enzyme-
& @ ! (?
model whic ounts for this h&io&i shown in Scheme 2.6.

RN

‘é E+ S————» ES —— » E + P

Scheme 2.6: Basic Model of Enzyme Catalyzed Reaction

L4

ding Catalysis



Whereby: E is enzyme, S is substrate, ES is enzyme-substrate complex, P is
product, k1 is rate constant of the forward reaction of E+P, k.1 is rate constan?l«e
reverse reaction where enzyme-substrate complex [ES] breakdown to E»&} rate
constant of the forward reaction of [ES] forming E+P. *

It can be seen that there are two processes in this model of the Iytic reaction.
The enzyme binds with the substrate to give an enzyme-s sMomplex ES, by
physical forces. This process is thought to be quick and L&e:vx'ith no chemical

alterations, it means none of the product produce in this Int S.?GQQdep, Keat (K-
@

Y
1 and ko) is often called the turnover number of the e because, i re’pr&@s the

maximum number of substrate molecules conv pr% ctiv@ per unit
time, or the number of enzyme "turn over" w imﬁ S.
It can be also seen in the following,series of reacti 1 @ that the reaction

velocity (Vo) can be determined @B[ES]. \\% i ,@\intermediate and its
ﬁy ol

concentration unknown the sui\%ES ﬂust known values as shown

in equations below:

Rate offormatio@?g;. -',b}l‘l <</0.
Vies1 = KNE] [S @ @)
Rate of breakddwn of fESE:
% L‘!]‘)(m/ » 3 2.2)

NN
B% he rate_of# formation” and breakdown of [ES] are equal, so the

Y—v

congentration of intermediate @-’stays a constant. Hence, the expression is:

o
B
—+
@D
=

(2.1)

50
“-
I,

ki [E] [S] = (k1 + kz) [ES] (2.3)
Q By rearranging the equation, the constant term was defined as Michaelis-Menten
onstant (Km):
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K, +K, @-

K, + K A
T Y. (25)
Y, |

The enzyme concentration is very small compared%xu.b'tr‘te ([E] << [SD).
Hence, the concentration of uncombined S is almost equal t@’'the ot:I\Pimr@n of
S. The concentration of uncombined E is equal to ta enzyrﬁndaﬁg{? It can
be reached to the maximum reaction velociw M{Q enz@d‘rsites are

>

A
\& (2.6)

Whereby, Vo is reEiticW Vm4i$ l u& , [S] is substrate concentration,

Km is Michaelis-Menten constant.. & s &

Figure 2.8@\% @tion itial rates from slopes of Michaelis

A
Menten- plot, ms 7<h.rate f'alsur ould be an initial velocity, by taking the

slope of S curye (!?] ottediversus time) at t = 0. The reaction should be
v

4
demo MO be linear o J ti@mterval and these slopes are the initial rates, Vo.
S
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Time — T
Figure 2.8: The Determination of Initial Initial Rates frov@f Michaelis

Product —

Menten Plot
When [S] = Km, then Vo= Vmax/2. Thus, Kn is eq e sub ra!te concentration
at which the reaction rate is half its maximal value. Higher Vmax M&E’ﬁon
and better catalysis. Km indicates the affinity of t%ate }or he zy!r@hereby,
\

low Km means high affinity, and that means the'énzyme=bi

e substrate strongly.
The reaction will have a different Ky, for \gstr !’;s shown imﬂglre 2.9.

. ¥ O

¥,

T »

- !
3 I max

( L _

RN Yy |
Figure 2.9: Reaction Rate Plotted Agains Against Substrate Concentration for a
Reaction Obeying Michaelis-Menten Kinetics

v) & 7
28.1.2T atiorIof ijaelﬁ{enten Equation to Lineweaver-Burk

‘v’e
&e otting ex erimen%l ata, employing a straight line is more easier. The

i ant terms in enzyme khtic such as Km and Vmax were determined by linear

ression using the Lineweaver-Burk approach. This is known as a linear transform
@ure 2.10.
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Figure 2.10: Linearization of Michaelis Menten to xver-‘aurk Plot

If we use y instead of 1/Vo and x for 1/[S], this is now'the standar altioQFer a

N
o B . A \e)
straight line, with slope = Km/Vmax, and y interc Vmax. Slopes @nd i ten%epts are
X
newea@*’Burk Plot.

x-inite‘{pt can be used
2007Q<-intercept IS —y-

A
intercept/slope. When the y-axis isJ/Vo,Jits inu%s / V@Similarly, when the x-

. : 4 “« Q-
axis is 1/[S], then the intercep : &)
S N &
K, +I
(2.7)
S
]/VQ
max: [S , @x (28)
.~
2%\(?he Ping Pong Bi-Bi Kinetic Model

0 The Ping Pong Bi-Bi Kinetic Model has been accepted method and it is the most

used kinetic models for explaining lipase catalysed reaction kinetics (Kuo et al., 2020).

Although there is no data with negative ﬁWthe

to obtain Ky or K if inhibition occmom ro e

Enzyme inhibition by one or more substrates is a very common phenomenon when
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using enzymatic systems. The steps of the proposed mechanism considered are: First,
the enzyme binds to fatty acid forming the acid-lipase complex. This compl

isomerizes to form the acyl-enzyme intermediate and a molecule of Water@hced.
After that, the alcohol binds to the acyl-enzyme complex and the est med and
free lipase. Alongside this, inhibition substrate also combines with the'free lipase and

forms dead-end complex that would not interfere with the forma of the product
(Cavallaro et al., 2019). z '

Some examples of studies implementing the men d madel“clude the work
"X

by Elias et al. (2019) in the synthesis of butyl butyra esterificati of’bu_@ acid

with butanol by using Candida rugosa lipase iz% ; an-@éellulose

hybrid composite (CRL/CS-NC). The kinewf‘fou

y the@g}ong Bi-Bi

i ki <<CS with inhibition
©

mechanism with butanol substrate inhtbi 'onf)ing Pong

of ethyl caprate and butyric acid W%O obﬁcx%st

i ‘c"ation of ethyl butyrate
S
with lipase from Candida rugo tal., 2017)»Inthe @ reported by Bezbradica

on

&
etal. (2013), the kinetics of J‘-mw li e symthesi @alysed by immobilized lipase
i et as vésﬁ@ed and experimental data were

from Candida antarc e
4 b 4 &

successfully fitted \M@{pin% kine odel with substrate inhibition.
AN N
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