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ABSTRACT

The present paper investigates the comparative diysis of salmon and herring fish oils with immatat
Candida antarctica lipase-B (CAL-B) to release ffatty acids. The physiochemical characterizatiériveo fish oils has
been studied using High Performance Liquid Chromaiphy (HPLC), Gas Chromatography (G@) Nuclear Magnetic
Resonance (NMR) and Fourier Transform Infrared $pscopy to compare their chemical composition. Kirestic
parameters have been determined using short terth lang term hydrolysis to fit experimental data laeing no
inhibition and product inhibition respectively iarfn of different kinetic models. The reaction intilm due to formation
of products was found to be negligible for hydridyaf fish oils with immobilized CAL-B lipase. Tdwativation energy was
investigated and results indicate that the reactiwas kinetically controlled and effect of diffusiossistances was
negligible. The activity retention for immobiliz&AL-B after five cycles of repeated use for hydislyf salmon and
herring fish oils was found to be 22.3 and 18.6e%pectively.
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INTRODUCTION

In the world of depleting resources, the bettermsinhuman health and nutrition is a major challerfige
researchers. Therefore, the need is to focus osythinesis of nutritionally valuable components ehhinot only prevent
the onset of disease but also provide the meatreatinent. Such nutritionally important food ingegds include various
long chain polyunsaturated fatty acids (PUFAsYiglcerides form which are easy to consume in (lBimsgaard et al.,
1998; Shahidi & Hamam, 2006 and Uauy & Dangour,&08ome important omega-3 PUFAs include alphdéimo acid
(ALA, Cy26n9; arachidonic acid (AA, &.en9; eicosapentaenoic acid (EPAyG,9; docosapentaenoic acid (DPA;Gh)
and docosahexaenoic acid (DHA,G,9. Fish oils such as tuna, salmon, cod liver, heretc., are rich source of these
omega-3 fatty acids but also contain other satdrédty acids (Karlovec et al., 2012; Liou et &007 and Rupp et al.,
2004). The extraction of omega-3 PUFAs from fishhaive been studied by researchers with varioushadst through
simultaneous hydrolysis and esterification (Espineisal., 2007; Fraser et al., 2007 and Guil-Gueret al., 2007).
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8 Aditi Sharma, Ajay K. Dalai & Satyendra P. Chaurasia

The application of lipases is reported as a prargisnethod because they are highly specific in geaxtions
involving cleavage and formation of ester bondséjph et al., 2008 and Kourist et al., 2010). Lipas®e regio-selective,
stereo-specific or chemo-selective in nature deipgndpon the type and position of substrate. Magivin lipases are
reported as 1,3-position specific and very fewalke to identify sn-2 position in their action atd and lipids. Lipases
work optimally at the water/alcohol-substrate ifdee for hydrolysis/esterification reactions. Thetivaty of lipase
increases many fold when used with the solvenesaydb provide the interfacial activation. In thegence of solvent, the
amphipathic lid structure of lipase opens and ldadhe formation of larger hydrophobic surfaceaafer the binding of
the substrate at the interface (Kapoor & Gupta22did Knezevic et al., 2004).

The present study aims to compare chemical conipositydrolysis kinetics and activation energy $atmon
and herring fish oils. The reusability of immobdd CAL-B was examined for these two fish oils tedstigate the effect

of substrate on percentage activity retentionpdde after repeated use of the immobilized enzyme.

MATERIALS AND METHODS
Fish Oil and Lipase

Salmon (blend; Lot: 029/11) and Herring (veteringmade; Lot: 802-6980) fish oils were purchasednfro
Jedwards International, Inc., Quincy, MA 02169, UigA packing of 3 liters each. Lipasecd&ndida antarcticd CAL-B)
immobilized on immobead-150 (0.15-0.3 mm; <10% losgdrying), recombinant from yeast (activity >2000ng) was

purchased from Sigma-Aldrich, Saskatoon, Canada.
Chemicals

Analytical grade chemicals such as methanol @), potassium hydroxide (KOH), oxalic acid, pheaghalein
indicator, anhydrous sodium sulfate, sodium chigritlydrochloric acid, Bfmethanol (~1.3 M) 10% solution were
purchased from Sigma-Aldrich, Canada and useddrestperimental work. Potassium di-basic & mono-bastre used
for preparing phosphate buffer of pH 7. All the ctieals used were of AR grade. Industrial gragegbls cylinder was
supplied by Pyrex for maintaining inert atmospheuoeing the reaction. Supelco 37 component stanB&fdE mix 10
mg/ml in methylene chloride (Gl,) was purchased from Sigma-Aldrich, Saskatoon, Garfar calibration of gas

chromatography instrument.
Experimental Procedure

The kinetics for the hydrolysis of both fish oilsa{mon and herring) were studied at the optimizeoditions
determined with tuna fish oil such as 1:1 (w/w)veait to oil ratio with iso-octane, 3:1 (w/w) wateroil ratio, and 500 U
(0.133 g) enzyme at constant pH 7.0, temperatuB56€ and 400 rpm (Sharma et al., 28)1For studying the kinetics of
hydrolysis reaction, fish oils were dissolved itveat and immobilized CAL-B lipase was added alavith the distilled
water to prepare the reaction mixture in a 125 mérEneyer flask. The percentage hydrolysis (% HYisl oils were
studied at constant speed of agitation (400 rporiital shaker supplied by VWR, Canada; model 15&Mg iso-octane
as a solvent in biphasic solvent system up to 6lhk.kinetics of fish oil hydrolysis have been $dusing conventional
Michaelis-Menten model (Sharma et al., 2)1f8r short term hydrolysis as well as with a noglir product inhibition
model proposed by Prazeres et al., 1993 for long teydrolysis at four different substrate concetres. The study of
activation energy (E) for immobilized CAL-B was alperformed at various temperatures with salmonterdng fish

oils using Arrhenius activation energy model.
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Characterization and Analysis

The physiochemical characterization of salmon aswlitng fish oils were conducted. The glycerides position
of fish oils have been evaluated by diluting oiingde with THF (tetrahydrofuran) solvent in a ratib1:19 (50ul sample
and 950ul THF solvent). The fish oil samples were analyzgth HPLC (Agilent 1100 Series model) using refraet
index detector (model G1362A) with operating coiodis 35 °C, 3.7 MPa for 30 min. at a 1 ml/min. floste of mobile
phase. A Phenogel column (model G1316A,; dimensi®08:A, 300 x 7.8 mm Jum) protected with guard column and
equipped with Chemstation for LC3D was used for BPdnalysis to determine glyceride composition. Agilént Gas
Chromatography system (model 7890A) has been usguipped with flame ionization detector (FID, 260) and
capillary column DB-23 (dimensions: 60 m lengtlR®mm ID, 0.25um film) for analysis of fatty acids in methyl ester
form (FAMES). Throughout the experimentation, th€ @as operated at constant conditions (Carrierrdgeh gas with
flow rate 20 cm/min & 23.148 psi pressure; Ovenpemature: 140 to 240C at 4°C/min. and Injection volume: ful

sample, 260C & split: 20:1).The calibration of both the anagl instruments has been done with authentic staisd

The FT-IR spectra for fish oils was obtained by KRifleting method using Perkin Elmer, FT-IR spetii@X in
the IR range of 400-4000 cm-1 (Naik, S., 2BL0For the analysis of liquid sample in the samelRltwo pellets of KBr
were prepared and a drop of oil was placed betwleetwo pellets. Then, FT-IR spectrum was reconditd the method
normally used for solid samples. ProtdH) Nuclear Magnetic Resonance (NMR) of fish oilssvgeerformed with Bruker
UltraShield™ 500 MHz NMR. The samples of fish ailere dissolved in Cadmium chloride (CRX3olvent within a thin
walled NMR tubes in an approximate sample to sdlvatio of (1:3). The results fdH spectra were recorded at ambient
temperature in parts per million (PPM) scale andlymed with Spinworks software. NMR analysis foshfioils was
conducted to study the differences in structure emaiposition of molecules. Standard AOCS and ASEBt imethod
were used for estimating the acid value (AOCS, 1&9F ASTM, 2004) of collected samples at diffenegaiction time to
determine amount of free fatty acids (FFAs) formEkle percentage hydrolysis (%H) was calculated withation (1) as

given below:

. [(Acid value at time t) — (Acid value at time t = 0]]
9%Hydrolysis = —— X 100
Saponification Value )

The activity of lipase is expressed as pmoles did-formed per ml of reaction mixture in reactioméi of one
hour. The activity retention is a measure of thiitglof immobilized CAL-B remaining to hydrolyzeiglycerides in the

fish oil after repeated uses.

It is defined as the percentage conversion ofyicglides achieved after reuse of immobilized CAlwigh
respect to percentage conversion achieved aftrrbund of its use. According to equation (2), dugivity retention is
defined as ratio's of percentage conversion. Adl thsults were repeated in 3 sets of experimemtpddorming the

reproducibility analysis and observed to be vaniethe range of <+ 2 %.

UgConwversionafter (n+1Mime u=e ofimmobilized CAL-]

9Activity retention for (n + 1)cycle = 2

YgComversion after one time wuse of immobilized CAL-E
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RESULTS AND DISCUSSIONS

Characterization of Fish Oil

The salmon fish oil has characteristics i.e. coo(Gardner units); acid value: 0.1 (mg KOH/g offge fatty
acids: 0.05%; saponification value: 181 (mg KOH/); oodine value: 197 (g I100 g oil); peroxide value: 2.3
(meg/kg oil); anisidine value: 10.7; refractive éxdat 20°C: 1.47 and total omega-3 fatty acidsl §&area).

Similarly, the characteristics of herring fish wiere as color: 5 (Gardner units); acid value: Ing KOH/g oil);
free fatty acids: 0.8%; saponification value: 1#8y(KOH/g oil); iodine value: 102 (g/LO0 g oil); peroxide value: 3.01
(meg/kg oil); anisidine value: 11.3; refractive éxdat 20 °C: 1.32 and total omega-3 fatty acids> %area).

According to the HPLC analysis, a total of 98.9 &&d2 wt% triglycerides with 1.1 and 3.8 wt% estentent
were found in salmon and herring fish oil sampkspectively. The fatty acid profile of fish oils svanalyzed using base
catalyzed hydrolysis to release free fatty acidsA$). These FFAs were further converted into faitids methyl esters
(FAMESs) using AOCS standard method (AOCS, 1997)e Pphhepared FAMEs were diluted with methylene chleri

solvent and directly injected into GC at specifieehditions.

The presence of various fatty acid groups rangiomfC4.0to Cy,oincluding both saturated and polyunsaturated
fatty acids have been observed in fish oils aft€rdalysis and mentioned in Table 1. Myristic d€e4.), Palmitic acid
(Ci6:0, Palmitoleic acid (&:1), Oleic acid (Ggs.1ne9, Cis-5, 8, 11, 14, 17-Eicosapentaenoic acish.£(, Nervonic acid
(Cy40) and cis-4, 7, 10, 13, 16, 19-Docosahexaenoic @eigls,9 were found in considerable amount compared teroth

fatty acids in fish oils.

Table 1: Fatty Acid Composition of Salmon and Herrhg Fish Oils with Gas Chromatography

Type of Fatty Acids oiaém% o|-i||e(r\;/|tr:>2)
Myristic acid (Gg.) 6.7 10.4
Palmitic acid (Ge.c) 30.4 28.4
Palmitoleic acid (G.1) 7.1 9.5
Oleic acid (Gg.1n9) 4.9 -
cis-5, 8, 11, 14, 17-Eicosapentaenoic acigh.£L) 3.9 5.9
Nervonic acid (Gy.1) 11.7 7.5
cis-4, 7, 10, 13, 16, 19-Docosahexaenoic aciddQ 25.1 20.9
Others 10.1 17.4

The Fourier Transform-Infrared Spectroscopy (FTHB3¥ been carried out to identify the major funiogroups
in both fish oils as shown in Figure 1. The studiesducted by Guillen and Cabo, 1998 and Richa®@d9lfor the IR
spectra of fatty acids and esters in oils and fiatge been referred to identify major characteriBficIR bands in the
present case. The FT-IR analysis of the fish aitcates that although the spectra for all the digh appear to be similar,
they are different in the intensity of peaks beeaovariation in the nature, composition and arigf fish oil samples
under study (Zhang, 2009).

According to Figure 1, peaks from 3032 to 2852'qwh to D) indicate the presence of multiple doubteds in
the fish oils and their height ratio may be usedaawmarker for the analysis of ester of EPA and Dspcifically.
Therefore, the overlapped FT-IR spectrums for saliemad herring fish oils indicate that the ratiobahd heights at 3032

and 2921 cris higher for salmon fish oil than herring fish. oi
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This qualitatively analysis indicates that salmah foil is richer in total EPA and DHA esters afjtycerides.
The carbonyl band spectrum at 1743’dmdicate that these fish oils contain EPA, DHAriglyceride form whereas band

at 1653 crit is indicative for the presence of other unsatut#aéty acid groups in the ester form.

The qualitative characterization of fish oils rithomega-3 fatty acids have been performed wik proton
NMR to understand their molecular composition amdcsure. The'H NMR chromatograms of salmon and herring fish
oils are shown in Figure 2. The¥d proton NMR chromatograms have been compared thithfish oil chromatogram

developed by PNA, process NMR associates to idealithe peaks present in fish oil chromatograms.

According to this, the height of peak F which cspends to the presence of DHA{@ was found to be greater
for salmon fish oil when compared with respectiealpin herring fish oils. ThtH NMR of lipid molecules is very rapid

and quantitative in nature but it generates thetspen with reduced resolution (Sacchi et al., 2006)

Salwon fich od Hermmgz fich od
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Figure 1: Overlapped FT-IR Spectrum for Salmon andHerring Fish Oils to Compare the Height and
Intensityof Peaks [Where Assignments tog@ks are A = =C-H (CIS, Stretching); B = -C-H
(CH Groups, Asym Stretching); C = -C-H (CH, Groups, Asym Stretching); D = -C-H (CH and
CHKGroups, Sym Stretching); E = -C=0 (Ester Stretchig); F = -C=C- (CIS Double Bond Stretching);
G = -C-H (CH Scissoring Bending); H = -C-H (CH Sys Bending); | = -C-O, CH (Stretching, Bending);
J = -C-O (Stretching); K = -C-O (Stretching); L = =C-H (Trans, Bending Out of Plane); M =
=C-H (CIS, Bending Out of Plane) and N = -(CH),=C-H CIS
(Rocking, Bending Out)]
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Figure 2: Proton (*H) NMR Spectra for Salmon and Herring Fish Oils [Where Assignment to Peaks are
A = Unsaturated Fatty Acid Proton; B = Glycerol G, Proton; C-D = Glycerol C 3 Protons; E = Polyunsaturated
Fatty Acid Proton; F = C,,,¢ Fatty Acid; G = All Fatty Acid except Cy6; H = All Fatty Acid except Cyp.5 and Cyy.¢
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Determination of Kinetic Parameters

For the hydrolysis of oil's triglycerides in theepence of excess water with lipases, a three stéepanism have
been suggested by various researchers in litergtMlenezi et al., 2009) which can be compared whb overall
mechanism of enzymatic hydrolysis (Al-Zuhair et, @004 and Tsai & Chang 1993) as given below. Tikk bl
triglycerides (TG) act as a substrate (S) for ereeyF) action to liberate free fatty acids as prad&g with the formation
of glycerol (G) after complete hydrolysis. Moreovéine immobilized lipase enzymes can be recoverech enzyme-

substrate complex (ES) for its recycling after gwein (Cheong et al., 2012).

Step-I TG+E«DG+E

Step-I DG +E < MG+ R,

Step-lll MG+ EsE+G+HER
Overall Step| S+E<ESs—+E+F

According to Michaelis-Menten, the rate of react{gf) was determined using equation (3) assuming psérsio
order, steady state kinetic model without substoateroduct inhibition.

Vo «[5]

T = e8] ©)

Where, f; = initial rate of reaction (umoles of FFAs formedlmin); V,.x = maximum rate of reaction
(umoles of FFAs formed/ml.min) and,k= Michaelis-Menten rate constant (umoles of FFéwnied/ml). A plot between
1/ry  vs. 1/[S], known as a Line weaver-Burk plot lh@en drawn to find out the values of kinetic pseters such as
Vmax @and Ky, and represented by equation (4). According te@weaver—Burk plot, K/V max corresponds to the slope and

1/Vnax corresponds to the intercept of the straight line.

i Ky 1 1

M Vmax [5] | Vmar 4)

The initial rate of reaction ) for hydrolysis of fish oils was determined by filog free fatty acids formed with
respect to time for short intervals of reactiontafd h at four different substrate concentratioovahin Figures 3 and 4.
The plots have been drawn for four different swdistrconcentrations [S] such as 153.6, 292.3 53iid7 744.3 total
pmoles of FFAs presents in oil per ml of reactiomtore. Therefore, the values obtained for initiale of reaction from

Figures 3 and 4 have been presented in Tablel®tbrfish oils.

120.0

e[51] m[52] A[S3] e([s4]
-

1_
100.0 R*=0.994

RZ=0.997
80.0

60.0 RZ=10.985

400 4 RZ=0.980

Product formed (umoles of FFAs/ml)

20,0

*\m

0.0

a 0.2 0.4 0.6 0.3 1 1.2
Time (hr)

Figure 3: Rate of Reaction (umoles of FFAs Formedgs ml of Reaction Mixture) with
Time (hr), for Hydrolysis of Salmon FishOil Using Immobilized CAL-B
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«[51] m[52] A[S3] e[54]

Product formed (umoles FFAs.-mlL

0 0.2 0.4 0.6 0.8 1 1.2
Time (h1)

Figure 4: Rate of Reaction (umoles of FFAs Formedgrs ml of Reaction Mixture)
with Time (hr), for Hydroysis of Herring Fish Oil Using Immobilized CAL-B

Table 2: Initial Reaction Velocity Obtained at Different Substrate Concentration after Short Term Kingic
Study for Hydrolysis of Fish Oils with Immobilized CAL-B Using Michaelis-Menten Model

Substrate Initial Velocity, r vy (umoles 1/[S] 1[ru]
Concentration FFAs/min.ml) (umoles (umoles FFAs/min.ml)*
(umoles FFAs/ml) | Salmon Oil | Herring Oil | FFAs/ml)* | Salmon Qil | Herring Oil
[Si] = 153.6 30.4 34.71 0.0065 0.033 0.029
[S;] =293.3 50.8 49.8 0.0034 0.019 0.02
[S3] =537.7 82.6 82.1 0.0019 0.012 0.012
[Si] =744.3 102.3 101.5 0.0013 0.011 0.009

Further, reciprocal of initial rate of reactionrgly was drawn against reciprocal of substrate comatoih (1/[S])
to determine Michaelis-Menten kinetic parametee® (Bigure 5). The magnitude of maximum rate oftieadV,,,) was
calculated from the intercept whereas Michaelis-tdankinetic constants @ were obtained from the slope of the

Figure 5 using equation (4).

The results from the Michaelis-Menten kinetic modale been summarized in Table 3. The kinetic parars
Vmax @nd Ky have been found as 333.3 (umoles FFAs/hr.ml) &89.D (umoles FFAs/ml) respectively for salmon fish
oil, whereas 200 (umoles FFAs/hr.ml) and 730.4 (lesmy&FAs/ml) for herring fish oil respectively. Fitve both the fish
oils, the magnitude of maximum rate of reaction.{y was found comparatively lower than the magnitodiéinetic
constant (k). This indicates that the hydrolysis of fish ailgh immobilized CAL-B is slow but lipase is highipecific
for hydrolyzing triglycerides in fish oils.

0.035

m Salmon oil A Herring oil

0.03 4

0.025

0.02 A

0.015 -

1/[ry] (umoles FEAs/hr mly!

0.01

0.005

0.001 0.002 0.003 0.004 0.005 0.006 0.007

1/[5] (umnoles FFA s/mnly!l

Figure 5: Lineweaver-Burk Plot for Hydrolysis of Fish Oils Using Immobilized CAL-B
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Table 3: Summary of Results Obtained after KineticStudy for Hydrolysis of Fish
Oils with Immobilized CAL-B Using MichaelisMenten Kinetic Model

Maximum Velocity, V max Mlér;?]esltlg;]l;/lel(r:en
L @il (umoles (umoles ,
FFAs/hr.ml) | FEAs/min.ml) (IO Es [F=~Elil)
Salmon oil 333.3 4.5 1499.9
Herring oil 200.0 3.3 730.4

According to a kinetic model proposed by Prazefeale 1993, the rate of reactiorp)(iwas determined by
equation (5) assuming a multi order nonlinear povdichibition with a maximum three molecules of guct binding to

the enzyme.

B K,E.S
Kyl + K P+ K PP+ KP3)+ §

L
()
Where, p = rate of reaction (umoles of FFAs formed/ml.mig);= amount of immobilized CAL-B used in
reaction (mg); S = substrate concentration (tofgA$present in oils, pmoles of FFAs formed/ml); Preduct formed
(free fatty acids/ml); g = 1/K; (K, is rate constant for first stage hydrolysis; praoté FFAs formed/ml); K = rate
constant for product inhibition after first stageoguct formation (umoles of FFAs formed/ml);; K rate constant for
product inhibition after second stage product fdiama(pumoles of FFAs formed/ml) andzk= rate constant for product

inhibition after third stage product formation (ple®of FFAs formed/ml).

700

O  Experimental
O Predicted from Model

600 -

500 -

400 -

300+

200+

Fatty acid produced(micromoles/ml)

100

. . . .
20 30 40 50 60
Time(hr)

1
10

Figure 6: Curve Fitting of Experimental Data with Predicted Data for Hydrolysis of Salmon Fish Oil Uang
Immobilized CAL-B [Where Marker ' o' Represents Experimental Data Set with Color Indiating Different
Substrate Concentration Such as Bluen' = [S,]; Green 'o' = [S,]; Red 'o'=[S;3] & Teel 'o'= [S,4] and Marker
'-' Represents Simulated Data Set with Color Indicéing Different Substrate Concentration Such as
Purple -' = [Sq]; Yellow -' = [S,]; Brown '-'= [S 3] & Blue '-'= [S 4]]
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Figure 7: Curve Fitting of Experimental Data with Predicted Data for Hydrolysis of Herring Fish Oil Using
Immobilized CAL-B [Where Marker ' o' Represents Experimental Data Set with Color Indiating Different
Substrate Concentration Such as Bluen' = [S,]; Green 'o' =[S;]; Red '0'=[S3] & Teel 'o'= [S4] and
Marker '-' Represents Simulated Data Set with Colorindicating Different Substrate Concentration

Such as Purple -' = [g]; Yellow -' = [S,]; Brown '-'= [S 3] & Blue '-'= [S 4]]

The kinetic parameters such ag,kk,, Ki;, K and Kz along with R (regression coefficient) and Root Mean

Square Error (RMSE) have been calculated from rifuslel using the applications of MATLABsoftware to solve the

nonlinear rate equation (5). The experimental @tatgproduct formation with respect to time (up ® i) at four different

initial substrate concentration was fitted to thendated data obtained by using a nonlinear legsties regression

analysis MATLAB® program. The simultaneous fitting of rate equafionthe experimental data and the predicted data
generated through a MATLABprogram, leads to the development of plots as shiawFigures 6 and 7 for salmon and

herring fish oils respectively at substrate coneiuns [S] such as 153.6, 292.3 537.7 and 744& tomoles of FFAs

initially present in oil per ml of reaction mixture

The results obtained for set of kinetic parametising kinetic model suggested by Prazeres et293 have been
summarized in Table 4, indicating that as the valugegression coefficient @Ris 0.98 for both salmon and herring fish
oils, it corresponds to a good fitting of experirs@rdata with predicted data. The results in Tabbdso indicate that the
inhibition of hydrolysis reaction due to the formaatt of products is found to be almost negligiblealhthe stages because
the magnitude of rate constants for product inttibi{K;j; and Ky) in first two stages only were obtained in theeordf

10° and 10" for both fish oils. Moreover, the value of MichaeMenten rate constant (f through this kinetic model

also was found to be 940.9 and 1000 (umoles FFArdd/ml) for salmon and herring fish oils respesljy indicating a

very good affinity of immobilized CAL-B lipase fdrydrolyzing fish oils.

Table 4: Summary of Results Obtained from Fitting & Experimental Data with Predicted Data

Generated Using Kinetic Model Proposed by Prazes for Long Term Hydrolysis

Kinetic Constants Salmon Qil | Herring Qil
Michaelis-Mentenrate constant,,K
(umoles FFAs formed/ml) 940.9 1000
Rate constant for first stage hydrolysis, K
(umoles FFAs formed/ml) 0.0012 0.001
Rate constant for second stage hydrolysis, K 285 234
(umoles FFAs formed/ml) ' '
Rate constant due to first stage product inhibjtign
(umoles FFAs formed/ml) 0.004 0.0028
Rate constant due to second stage product inhibikg 2.34E-14 2.34E-14

www.iaset.us
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(umoles FFAs formed/ml)
Regression coefficient (R
Root mean square error (RMSE)

0.98
233.1

0.98
223.1

Determination of Activation Energy

The activation energy (E) for the hydrolysis reactiof fish oils with immobilized CAL-B enzyme hagdn

determined by studying Arrhenius plot as given el equation (6).

=
k= J'-";D.E E/RT

(6)

Where, k = rate constant;,A= pre-exponential factor; E = activation energyl/ffidol); R = gas constant and

T = temperature (Kelvin).The linearized form of Aenius law is given in equation (7).

Ink=1In4,+ (—=] 7

RT

The effect of change in temperature for hydrolggisalmon and herring fish oils with immobilized CB has
been studied at three different temperatures ssch5a 30 and 35 °C to determine the rate consigntegpectively.
Further, Arrhenius plot (see Figure 8) has beewdtdaetween the rate constant and temperature angaaequation (7)
using values given in Table 5 to calculate thevatitbtn energy. The Arrhenius plot indicates tha sfope of the linear
equation is equivalent to the value of (-E/R) antkricept gives the pre-exponential factog)(Adence, the activation
energy (E) equivalent to 16.14{Eand 32.1 (k) KJ/mol were calculated from the Figure 8 for satnand herring fish oils
respectively. The magnitude of activation energy i&a mathematical measure to represent the efaseaction in
presence of catalyst. In the present case, therlovagnitude of activation energy for salmon fish(&is< E;) indicates
that the hydrolysis of salmon fish oil is comparaly more favorable with immobilized CAL-B than hieg fish oil
because less energy is required to breakdown #utangts and to form the products. In the other wjotfie molecules of
salmon fish requires less amount of initial enetgyproceed the hydrolysis in presence of immobiliZ2AL-B and
therefore, they impose lesser energy barrier tdaiveard reaction.

Table 5: Effects of Different Temperature on Rate ©nstant, k
limoles of FFAs per ml) with Immobilized CAL-B Enzyme

Tempera- Rate Constant k imoles | /- In k
tureT (K) QAP EETM | ey : S
Salmon Qil | Herring Qil Salmon Qil | Herring Oil
298 0.064 0.031 0.0034 -2.8 -3.5
303 0.072 0.063 0.0033 -2.6 -3.2
308 0.086 0.089 0.00325 -2.5 -2.7
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Figure 8: Arrhenius Plot for Studying Activation Energy with Respect to Temperature
Reusability Study of Immobilized CAL-B

The cost effectiveness of a process is an impopargmeter for enzymatic processes because thefcestyme
itself contributes to a large extent towards o\gredcessing cost. Therefore, the ability of anyeme to be reused after
several cycles is beneficial for reducing the alitost of an enzymatic process, even at compabatiower activity. The
reusability study for immobilized CAL-B enzyme wpsrformed up to five cycles at optimized reactiomditions with
1 g of fish oils and 0.133 g of lipase. The peragatconversion of fish oil triglycerides and petage activity retention of
immobilized CAL-B were calculated as shown in TableThis study indicates that immobilized CAL-B aigis 48.5
and 45.6 of % activity even after third cycle ofise whereas after the fifth cycle, the activitergion (see Figure 9) falls
sharply to 22.6 % and 18.5 % for salmon and herfisty oils respectively. The appreciable drop itiaty retention of
immobilized CAL-B after third cycle of repeated usas reported in the study is mainly because ofré¢ldeiction in the
surface area available for binding of substratia¢dipase in terms of higher blockage of activessi

Table 6: Composition of Salmon and Herring Fish O# after Hydrolysis to
Study the Results of Reusability Expiments with CAL-B Enzyme

% Conversion of | % Activity Retention
Triglycerides of Immobilized CAL-B
Runs ;
Salmon | Herring | Salmon Herring Oil
Oll Oll Oll
1 95.4 93.3 100 100
2 59.9 55.2 62.8 59.2
3 46.3 42.5 48.5 45.6
4 27.1 19.4 28.4 20.7
5 21.6 17.3 22.6 18.5
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Figure 9: Reusability Study of Immobilized CAL-B for %
Triglycerides Remaining after Hymblysis of Fish Oils

CONCLUSIONS

The physiochemical characterization of salmon amdiing fish oils using quantitative methods suchH&4 C,
GC and AOCS standard tests; and qualitative metBadk as FT-IR and NMR, were found efficient foalesting the
structural and chemical composition of oils. TheeMielis-Menten constant for salmon and herring dishwere found to
be 1499 & 730 umoles FFAs/ml respectively for shertn Michaelis-Menten kinetic model and 940 an@d @ moles
FFAs formed per ml of reaction mixture with longrtePrazeres kinetic model.

The hydrolysis of both fish oils with immobilizedAC-B was found to be satisfactory in terms of Mielia-
Menten constants @ for both kinetic models. The lower value of aation energy for salmon oil (16.1 KJ/mol) than
herring oil (32.1 KJ/mol) corresponds to ease disa oil hydrolysis with immobilized CAL-B lipas&he reusability
study indicates that activity retention for immateld CAL-B after third cycle of repeated use wa4d and 45.6 % with
salmon and herring fish oils respectively. The enésstudy concluded that the hydrolysis of the biigh oils with
immobilized CAL-B, were free from any mass trangiitations.
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