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Summary : The aim of this study was to quantify the conjugated linoleic acids (CLA) isomers present 

in frying oils and to elucidate their structures. For this purpose, used frying oils were collected in 

restaurants by the Laboratoire Interrégional de la Répression des Fraudes. Three samples of 

sunflower oils, one of peanut oil and one of rapeseed oil containing different levels of total polar 

compounds were analys-ed. The samples were converted to methyl esters using sodium methoxide 

and the CLA content was determinated by a combination of gas chromatography analysis on a 100m 

CP Sil88 column and of silver-ion-high pressure liquid chromatography. The identification of the CLA 

isomers was carried out by gas chromatography coupled with mass spectrometry of the 4-methyl-

1,2,4-triazoline-3,5-dione adducts. The amount of polar compounds in the frying oils ranged from 30 

to 53%. The quantities of CLA from 0.4 to 0.5%. The 9,11 and 10,12-18:2 were the major CLA isomers. 

Among them, the di-trans isomers represent about 50% of the total CLA. 
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Résumé : Le but de ce travail est de rechercher la présence d'isomères conjugués de l'acide 

linoléique (ALC) dans des huiles collectées en restauration par le Laboratoire interrégional de la 

répression des fraudes, et de déterminer les structures de ces composés. Trois huiles de tournesol, 

une huile d'arachide et une de colza ont été choisies pour leur teneur élevée en composés polaires 

(supérieure à 25 %). Les acides gras des huiles ont été méthylés par du méthanolate de sodium selon 

la méthode de Glass. Le pourcentage d'ALC a été déterminé par chromatographie en phase gazeuse 

sur colonne CP Sil88 de 100m. La teneur des différents isomères conjugués a été déterminée par 

chromatographie en phase gazeuse et par chromatographie liquide haute performence sur colonnes 

imprégnées au nitrate d'argent. L'identification des ALC a été réalisée par chromatographie en phase 

gazeuse couplée au spectre de masse des dérivés 4-méthyl-1,2,4-triazoline-3,5-dione. Les huiles 

contiennent de 30 à 53 % de composés polaires. La teneur en ALC est comprise entre 0,4 et 0,5 %. 

Les 18:2 delta9,11 et 10,12 sont les isomères majoritaires. Les isomères géométriques di-trans 

représentent environ 50 % des isomères conjugués de l'acide linoléique. 
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ARTICLE 

Fish oils are an important source of polyunsaturated fatty acids (PUFA) and are now widely used in 

health and nutrition [1-2]. For a long time, these molecules were shown to be of great importance in 

the prevention of a number of diseases such as inflammation, hypotriglyceridemic effect, allergies, 

diabetes or coronary heart disease [3-6]. Up until now, enzymatic methods for concentration of n-3 

fatty acids have been used and several lipases have been studied and optimised in a number of 

reactions (hydrolysis, esterification, transesterification) [7-12]. Membrane filtration has proven 

valuable for the deacidification and degumming of oil, and is also a promising means for the 

separation and concentration of oils and fats [13-18].  

Materials and methods 

The production of n-3 polyunsaturated fatty acids from salmon oil upon a two-step enzymatic 

process was optimised. First of all, the extraction of total lipids was performed by centrifugation after 

protease hydrolysis of flesh and heads from 27kg of Atlantic salmon (Salmo salar). Crushed 

substrates were subjected to the action of Neutrase®0.5l supplied by Novo Nordisk. The enzyme was 

used at optimal temperature and pH values, and the enzyme to substrate ratio was fixed at 5%. The 

reaction kinetics was monitored by measuring the degree of hydrolysis (DH) using the pH-stat 

method according to Adler-Nissen and Linder et al. [19-20].  

The proteolysis was stopped with live steam injection when the DH reached 8-9% to preserve the 

functional and nutritional values of the hydrolysate. Before this step, total lipids were recovered by 

centrifugation.  

In the second step, a stereospecific lipase sn-1-sn-3, namely Novozym SP398 was used in order to 

preserve the polyunsaturated fatty acids (PUFA), which are preferentially esterified at the sn-2 

position in Atlantic salmon lipid [21]. Moreover, saturated and some monounsaturated fatty acids 

are known to be mainly located at the sn-1 and sn-3 positions [22-23].  

Lipase hydrolysis was carried out in a 500ml thermostated reactor. The container was flushed with 

nitrogen and kept sealed during the reaction. The reaction mixture containing 200g of oil and 200ml 

of distilled water was subjected to the lipase (37°C, pH 7.0, 40 Kilo Lipase Units) under stirring using a 

high speed peristaltic pump.  

After lipase hydrolysis, the mixture was subjected to filtration overnight, under the following 

conditions: reactor 350ml capacity, membrane Amicon®YM 10, 10,000 D cut-off, 3 bars, 4°C. The fatty 

acid composition of the permeate was analysed by gas liquid chromatography (temperature 

program: 145°C for 5min, rising to 210°C at a rate of 2°C/min and held at this temperature for 10min; 

the temperature of the detector and the injector were set at 260°C).  

Many factors such as pH, duration, temperature, substrate, enzyme concentration, and stirring speed 

affected the course of lipase hydrolysis. Consequently, these factors were studied collectively in 

order to find the optimal conditions to obtain the most effective hydrolysis conditions. Because many 

parameters affect responses, Response Surface Methodology (RSM) was effective in replacing the 

traditional kinetic experiments, in order to quantify the effects of each parameter and interaction 

between factors (the one-factor at a time ignores interactions between factors which are 

simultaneously present). A Doehlert experimental design was performed and displayed a uniform 



distribution of the points within the experimental domain and allowed a number of distinct levels for 

each variable [24, 25]. The processing variables investigated were reaction time (X1, five levels), flow 

rate (X2, seven levels) and enzyme/substrate (X3, three levels). The mixture was recirculated using a 

peristaltic pump at various flow rates in order to increase the contact between enzyme and substrate 

(Table 1). 

Temperature and pH were fixed at optimal values. The total number of points (N) for three factors (k) 

was 13 (N >= k2 + k + 1). Sixteen experiments were carried out, the 13th assay was performed at the 

centre of the experimental domain and was repeated three times [14-16] in order to estimate the 

residual variance (Table 2).  

A full quadratic model containing 10 coefficients including the interaction terms was assumed to 

describe the relationships between responses, namely DH (Y1), % of saturated fatty acids in the 

permeate after filtration (Y2), % of PUFAs in the permeate after filtration (Y3) and experimental 

factors (X1, X2, X3):  

 

 

Where êtak refers to the dependent variables; beta0 is the constant coefficient; Xi are the coded 

independent variables; betai are the linear coefficients, betaij are the second-order interaction 

coefficients and betaii are the quadratic coefficients. Results are valid within the experimental 

domain.  

The hydrolysis percentage of salmon oil during enzymatic treatment was measured from the acid 

value of the reaction mixture and from the saponification value of salmon oil, according to the 

following equation:  

 

 

where acid value is expressed as the number of mg of KOH required to neutralise free fatty acids 

present in 1g of oil; the saponification value is defined as the number of mg of KOH required to 

saponify 1g of oil.  

The distribution of lipid classes of salmon oil during hydrolysis by the lipase was determined by 

Iatroscan TLC-FID (Iatron Laboratories, Inc., Tokyo, Japan). The Iatroscan was operated under the 

following conditions: hydrogen flow rate, 160ml/min; air flow rate, 2l/min; voltage of the detector, 

8mV full scale and scanning speed 0.42cm/s.  

 

 



Results and discussion 

After two hours of reaction with Neutrase®, a value of 7.5% for the DH was sufficient to extract most 

of the lipid content (Figure 1). The recovery of total lipids (14.3% w/w) was close to the traditional 

method using solvents (15.0% w/w).  

Contour plots could be usefully employed to study response surface and locate the optimum area 

and relationship between independent and dependent variables. RSM is shown in a two-dimensional 

representation. Concerning the three responses observed during the action of the lipase, the linear 

terms, which are b1 for time, b2 for flow rate and b3 for E/S ratio were highly significant (P < 0.01 or 

0.05). The estimated model coefficients beta of the quadratic model were calculated by regression 

analysis on the experimental responses, and multiple regression coefficients are summarised in Table 

3. ANOVA and canonical analysis were used to characterise the validity of the proposed polynomial 

models. The adequacy of each quadratic model was tested by the lack of fit and the coefficient of 

determination was R2 >= 82%.  

For the response of DH by lipase, the linear and quadratic terms varied with significant effect (P ¾ 

0.01). All linear terms were positive. The flow rate is the most significant factor followed by duration 

and E/S ratio. A maximal value of 44.6% for the hydrolysis degree was predicted with the following 

conditions: E/S = 0.37; reaction time = 16 hours; flow rate = 400g/min (Figure 2). However, no further 

increase of DH could be achieved at longer reaction times. For this reason, the lipolysis was stopped 

after 15 hours and submitted to the filtration step.  

Contour plots of SFA and PUFA contents during the lipolysis are displayed in Figures 3 and 4. A 

minimal value of 9.7% of SFA was observed after 10 hours at a flow rate of 647g/min and E/S = 0.4%, 

whereas a PUFA increase of up to 33.5% was obtained after 13.6 hours at a flow rate of 436g/min 

with E/S = 0.4%. These data from methyl esters were evaluated according to the KOH/MeOH 

method.  

Table 4 shows the distribution of lipid classes, where the triglycerides (TG) decrease over time from 

the initial value of 97.7 to 66.6% after 24 hours. The decrease of the TG content would have led to a 

concomitant increase of monoglycerides. However, the low amount of MG observed after 24 hours 

seems to result from multiple rearrangements of fatty acids.  

According to the optimal conditions of hydrolysis by the lipase, the oil phase recovered from the 

previous mixture was submitted to filtration as described in the "Materials and methods" section. 

Two fractions, namely permeate and retentate, were recovered and analysed after the filtration 

step. As shown in Table 5, the amount of SFA decreased considerably (-33.7%) in the permeate and 

increased in the retentate (+33.3%). These data clearly show that the filtration retained the SFA in 

the retentate. Monoenic FA, PUFA n-6 and n-3 increased by +13.5, 11.5 and 9.3%, respectively.  

Proteolytic and lipolytic enzymes lead to a rapid extraction of total lipids from fish products under 

mild conditions and without solvents. A subsequent filtration step, under controlled parameters such 

as temperature, pressure and membrane porosity among others, allowed significant concentration 

of polyunsaturated fatty acids. This process may be easily scaled up and applied to a wide range of 

fish products. 



 

 To date, different works on hydrophobic and hydrophilic membranes are carried out in our 

laboratory to improve the knowledge on the interactions that may occur between these molecules 

and the membrane materials.  

CONCLUSION 
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Illustrations 

 

 

  

Figure 1. Course of hydrolysis of salmon flesh by Neutrase 0.5l; pH 7.0; distilled 

water [1:1] enzyme: 50g/kg salmon protein. 

 

 

 

 

  

Figure 2. Course of the hydrolysis degree of salmon oil by lipase (37°C, oil/distilled 

water [1:1]; 40 Kilo Lipase Units). 

 



 

 

 

  

Figure 3. Response surface for the effect of E/S and time on hydrolysis degree (%) 

of salmon oil treated by lipase SP 398. 

 



 

 

 

  

Figure 4. Response surface for the effect of flow rate (g/min) and time on 

saturated fatty acids amount in the permeate (%) after filtration of salmon oil 

treated 10 hours by lipase SP 398. 

 



 

 

 

  

Figure 5. Response surface for the effect of flow rate (g/min) and time (h) on 

polyunsatured fatty acids amount in the permeate (%) after filtration of salmon oil 

treated 10 hours by lipase SP 398.  

 

 

 

 

 

 



 

 

 

 



 

 

 

 

 


