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PRODUCTION OF STRUCTURED LIPIDS FROM HAZELNUT OIL
WITH CONJUGATED LINOLEIC ACID BY LIPASE-CATALYZED
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The aim of this study was to synthesize structured lipid from hazelnut oil with conjugated linoleic acid (CLA) by
lipase-catalyzed esterification reaction. The incorporation of CLA into hazelnut oil was optimized by response
surface methodology (RSM). Substrate molar ratio, time, and temperature were independent variables chosen for
optimization of the reaction. Substrate molar ratio was the most significant variable on the incorporation of
conjugated linoleic acid. Good quadratic model was achieved by multiple regression analysis and backward
elimination. Optimal incorporation conditions were determined as follows: reaction temperature, 59 °C; time, 6
hours; substrate molar ratio, 4. Under these optimum conditions, a maximum incorporation ratio of CLA into
hazelnut oil of 49.42% was achieved.
Keywords: conjugated linoleic acid, hazelnut oil, response surface methodology, structured lipid.

Conjugated linoleic acids (CLAs) are a group of positional and geometric isomers of linoleic
acid with conjugated double bonds at 7,9-, 8,10-, 9,11-, 10,12-, or 11,13- of the carbon chain
in either the cis- or trans-configuration. CLA, a product of bacterial biohydrogenation of
linoleic acid, is naturally found in animal products such as beef, lamb, and dairy products
from ruminant animals (LEAo et al., 2015; ALoup et al., 2016; FERNANDEZ-AvILA et al., 2016).
CLA has been reported to have several beneficial health-related effects (SaLamon et al.,
2015). Anticancerogenic (KELLEY et al., 2007), antiatherogenic (McLEeop et al., 2004),
immuno-modulating antidiabetic (RyDER et al., 2001), and antiinflammatory (NASRABADI et
al., 2016) properties of CLA have been determined by using animal models and cell cultures.

Humans obtain CLA from only dietary sources, since the human body is unable to
synthesize CLA. In recent years, the replacement of animal lipids by plant lipids has resulted
in decrease in the consumption of dietary CLA. Structured lipids (SL) can be obtained via
two ways: chemical reaction and enzymatic reaction. Enzymatic modification is widely
preferred because it is possible to produce regiospecifically modified or restructured
triacylglycerol by using lipase (Can & OzcELIk, 2004; Kanvecr et al., 2009). Synthesizing of
structured lipids (SL) may be alternative way to provide CLA for nutritive and therapeutic
requirements (LEE et al., 2004; ALiv et al., 2008). Safflower oil (LEE et al., 2004), rice brain
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oil (ALv et al., 2008), olive oil (LEE et al., 2006), corn oil (Vu et al., 2007), and soybean oil
(HERNANDEZ-MARTIN & OTERO, 2008) have been used to produce SLs enriched with CLA.
Hazelnut oil is known to have several health benefits. It may be possible to produce a dietary
lipid from hazelnut oil and CLA by lipase-catalyzed esterification reaction.

The aim of this study was to produce SL from hazelnut oil and CLA by means of
enzymatic interesterification. To our knowledge, there is no available study on the production
of SL from hazelnut oil and CLA. RSM was used to determine the effect of three variables
(substrate molar ratio, reaction temperature and time) on the incorporation of CLA into
hazelnut oil.

1. Materials and methods

1.1. Materials

Refined hazelnut oil was acquired from a supermarket (Istanbul, Turkey). Lipozyme® TL IM,
immobilized 1,3 specific lipase, was kindly supplied by Novo Nordisk A/S (Bagsvaerd,
Denmark/Turkey branch). CLA standard and fatty acid standard mixture were obtained from
Supelco (Bellefonte, PA). Organic solvents were obtained from J.T. Baker Chemical Co.
(Phillipsburg, NJ) and Merck (Darmstadt, Germany).

1.2. Method

1.2.1. Experimental design. The independent variables were the following: substrate molar
ratio (Sr, CLA/hazelnut oil), (1.3-4.6 mol mol™); temperature (T, °C), (35-65 °C); and time
(t, h), (0-30 h). A three-variable, five-level rotatable central composite design (CCD) was
used for the RSM studies, and 19 experimental settings were generated with three factors.
Experiments were randomly run at all design points. A total of 19 runs with 8 factorial points,
5 center points, and 6 axial points were generated. The regression analyses, response surfaces
analysis, and the analysis of variance (ANOVA) were performed using Design Expert 7.1
software (Stat-Ease Inc., MN). The independent variables and the reaction conditions are
shown in Table 1.

Table 1. Uncoded and coded levels of the independent variables of the experiments

Independent variable Units Symbol Factor levels

—1.68 -1 0 1 1.68
Substrate molar ratio mol mol™ X, 1:1.3 1:2 1:3 1:4 1:4.6
Temperature °C X, 35 41 50 59 65
Time h X 0 6 15 24 30

3

1.2.2. Acidolysis. A mixture of CLA and hazelnut oil at various substrate molar ratios
(1:1.3, 1:2, 1:3, 1:4, 1:4.6) was prepared, and 30 ml hexane and Lipozyme TL IM (10% of
total reactants) were added. The reaction mixture was placed in a water bath at 35 °C, 41 °C,
50 °C, 59 °C, and 65 °C for 0, 6, 15, 24, and 30 h.

1.2.3. Extraction of triacylglycerol. To remove free fatty acids, the reaction mixture was
combined with 5 ml ethanol and 5 ml hexane and titrated with 0.02 mol I"' sodium hydroxide.
After the TAG was extracted into hexane. This process was followed by separating of hexane
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phase from water phase and drying with sodium thiosulphate. Then, the hexane was removed
under vacuum in a rotary evaporator.

1.2.4. Determination of fatty acid composition. Fatty acid methyl esters (FAME) analysis
was performed by adding 3 ml HCI in methanol (6 g/100 ml) solution and 50 pl internal
standard (10 mg ml! heptadecanoic acid) to TAGs in an oven at 70-80 °C for 2 h. Then,
FAME were extracted in duplicate with 2 ml of hexane and 1 ml of KCI. For separation of
moisture from FAMEs, the extraction products were filtered using a sodium sulphate column
and the solvent was reduced to 0.5 ml under nitrogen stream (JENNINGS and AkoH, 1999). Gas-
liquid chromatography (GLC) was used to analyse the fatty acid composition of substrates
and reaction products. Thermoquest Trace GC 2000 was equipped with a J&W DB-wax
(J&W Scientific, Folsom, CA) column (30 m x 0.25 mm id with a film thickness of 0.25 pm)
and a flame ionization detector (FID) operated on split mode with split ratio of 1:50.
Temperatures of the injector and detector were 250 °C and 260 °C, respectively. The initial
column temperature was 150 °C for 3 min, and then programmed to 215 °C at 10 °C min™,
held for 10 minutes. Relative contents of FAME as mol% were calculated by software.

1.2.5. Statistical analysis. The effect of the studied three factors, namely substrate molar
ratio, reaction temperature, and time, and their interactions were statistically analysed by
ANOVA using Design Expert 7.1 software (Stat-Ease Inc., MN).

2. Results and discussion

2.1. Fatty acid compositions

Fatty acid composition of substrates obtained by GC are presented in Table 1 and Figures 1
and 2. Moreover, fatty acid compositions of reaction products are shown in Tables 2 and 3.
As shown, hazelnut oil was determined to contain oleic acid (82.9%), linoleic acid (9.8%),
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Fig. 1. GC chromatogram of hazelnut oil
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palmitic acid (5.2%), and stearic acid (2.1%). CLA standard contained CLA (56.8%), linoleic
acid (31.4%), palmitic acid (6.8%), and oleic acid (3.8%) as main constituents. After
acidolysis, the major unsaturated fatty acids were determined as C18:1 and 9c, 11t and 10t,
12¢ isomers of CLA in reaction products.
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Fig. 2. GC chromatogram of CLA standard
Table 2. Fatty acid composition of hazelnut oil and CLA
Sample Fatty acid (%)
C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 CLA
Hazelnut oil 5.41 0.21 2.40 82.44 9.21 0.07 0.08 0.17 -
CLA 6.80 0.11 0.04 3.75 31.38 - 0.53 0.36 56.76

Table 3. Fatty acid composition of reaction products

Trial No  C16:0 Clé6:1 C18:0 Cl18:1 Cl18:2 9¢c,11t  10t,12¢  1lc,13t  8t,10c E(;fil
1 5.00 0.21 2.48 41.77 8.60 15.22 19.63 2.97 3.18 41.00
2 5.88 - 2.92 58.32 8.07 2.96 3.98 - 1.19 24.80
3 6.41 - 3.42 34.24 8.14 17.87 22.11 3.18 4.62 47.78
4 5.66 - 291 39.87 8.45 16.13 20.70 2.77 3.51 43.11

Acta Alimentaria 47, 2018



BAKIR et al.: STRUCTURED LIPIDS FROM HAZELNUT OIL 5

Table 3. continued

Trial No  Cl16:0 Clé6:1 C18:0  Cl18:1 Cl18:2 9c,11t  10t,12¢  1lc,13t  8t,10c E(itzl
5 7.89 - 3.88 36.69 8.82 15.10 18.65 2.86 6.10 42.71
6 6.25 - 2.95 36.36 9.05 16.47 20.23 3.09 5.59 45.38
7 7.90 0.20 4.06 32.76 7.80 15.19 18.80 3.21 8.31 45.51
8 6.66 - 2.47 41.04 7.82 14.96 18.58 2.77 5.31 41.62
9 7.02 - 3.69 36.77 8.05 15.85 20.52 2.94 5.16 44.47

10 5.06 - 2.68 40.30 8.40 15.77 20.05 2.92 4.82 43.56

11 6.04 - 3.01 46.33 8.55 13.35 16.74 2.39 3.58 36.07

12 6.87 — 3.53 38.84 8.24 15.53 19.75 2.79 4.45 42.52

13 6.04 - 291 41.50 8.68 15.00 18.67 2.71 4.48 40.87

14 5.74 - 2.53 47.00 8.16 13.55 17.01 236 3.65 36.57

15 4.93 - 2.14 35.27 8.24 18.17 24.02 3.48 3.75 49.42

16 7.41 0.38 3.20 33.30 6.55 16.72 21.03 3.94 4.84 48.75

17 5.92 - 2.74 38.41 8.55 16.33 20.40 3.03 4.62 44.38

18 6.17 - 2.97 38.13 8.31 16.29 20.30 3.04 4.78 44.41

19 6.43 0.67 4.07 29.80 7.51 16.30 23.14 443 3.14 47.01

2.2. Model fitting

A SL was enzymatically synthesized via interesterification of hazelnut oil with CLA. A three-
factor five-level CCD was employed for optimization of the reaction, the combinations of the
three independent variables together with the responses are shown in Table 4. The regression
coefficients and P values are given in Table 5. The most significant effect was observed by
substrate molar ratio (S)) followed by time (t) and temperature (T). The best-fitting quadratic
model for CLA incorporation was estimated via multiple regression analysis and backward
elimination. The first-order parameters of substrate molar ratio (S,) and time (t) had positive
effects on CLA incorporation, whereas the second-order parameter of time (t*) had a negative
effect on CLA incorporation. The first-order parameter of temperature (T), the second-order
parameters of temperature (T x T) and substrate molar ratio (S_x S ), were found to be non-
significant for CLA incorporation. Moreover, the interaction terms of temperature and
substrate molar ratio (T x S ), temperature and time (T x t), and substrate molar ratio and time
(S, x t) did not have a significant effect on CLA incorporation.

The model equation for CLA incorporation is described as follows:

CLA incorporation (%)=45.38+2.90 t-2.88 t>+2.96 Sr

The ANOVA results for response surface reduced quadratic model (Table 6) revealed
that the model was appropriate for the prediction. The model was significant (P<0.01) and
showed no lack of fit (P=0.177). The R? value of the model was 0.68.

Acta Alimentaria 47, 2018



6 BAKIR et al.: STRUCTURED LIPIDS FROM HAZELNUT OIL

Table 4. Central composite design arrangement with levels of factors and conjugated linoleic acid incorporation

(%)
Trial No Substrate molar ratio Time Temperature CLA incorporation
(mol mol™)* (h) (°C) (%)
1 1:2 6 59 41.00
2 1:3 0 50 24.80
3 1:4 24 41 47.78
4 1:2 24 41 43.11
5 1:3 15 65 42.71
6 1:4 24 59 45.38
7 1:4.6 15 50 45.51
8 1:3 15 35 41.62
9 1:3 15 50 44.47
10 1:4 6 41 43.56
11 1:1.3 15 50 36.07
12 1:3 15 50 42.52
13 1:2 24 59 40.87
14 1:2 6 41 36.57
15 1:4 6 59 49.42
16 1:3 15 50 48.75
17 1:3 15 50 4438
18 1:3 30 50 44.41
19 1:3 15 50 47.01

*: (mol of CLA)/(mol of hazelnut oil)

Table 5. Regression coefficients and P values

Factor Coefficent P value
Intercept 45.38 0.000*
Substrate molar ratio (L) 2.96 0.037°
Substrate molar ratio (Q) -0.69 0.580
Time (L) 2.90 0.040°
Time (Q) -2.88 0.041°
Temperature (L) 0.55 0.662
Temperature (Q) -0.20 0.870
Substrate molar ratio x time -0.78 0.922
Substrate molar ratio X temperature 0.16 0.635
Time x temperature —1.87 0.268

L; linear, Q; quadratic, ® statistically significant at P<0.01, bstatistically significant at P<0.05.
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Table 6. ANOVA for response surface reduced quadratic model

DF MS F value P value R?
Model 3 114.34 7.66 0.0025% 0.68
Substrate molar ratio (L) 1 114.71 7.69 0.0125%
Time (L) 1 119.99 8.04 0.0142°
Time (Q) 1 108.31 7.26 0.0167*
Residual 15 14.92
Lack of fit 11 17.92 2.68 0.1769
Pure error 4 6.69
Total 18

DF: degree of freedom; MS: mean square; R%: coefficient of determination; ®: statistically significant at P<0.05

2.3. Response surface plots

The effect of the factor interactions on CLA incorporation could be assessed using contour
plots. In Figure 3, contour plot shows the interaction between substrate molar ratio and
temperature. CLA incorporation was shown to increase with an increment in substrate molar
ratio. On the other hand, the incorporation of CLA was slightly influenced from the alterations
in temperature. An increase in temperature enhances the enzyme activity until maximum
reaction rate is achieved, and promotes the interaction between the substrate and enzyme
(SENANAYAKE & SHaHIDI, 1999; MaDUKoO et al., 2007; BEBARTA et al., 2013). According to Kim
and co-workers (2001), the incorporation of CLA into tricaprylin increased slightly with
increasing temperature from 35 to 55 °C (K et al., 2001). On the other hand, KanG and co-
workers (2015) have reported a significant increase in CLA content when the temperature
increased from 10 °C to 20 °C. However, an increase in temperature from 20 °C to 30 °C or
40 °C did not have further effect on CLA content during the first 36 h.

As substrate molar ratio and time increased up to certain extent (3 mol mol™, 15 h), the
incorporation of CLA increased (Fig. 2). However, the incorporation of CLA was found to be
influenced slightly with further increase in those factors. The maximum response surface was
reached at a substrate molar ratio above 3 mol mol™' and reaction time above 15 h. In Kang
and co-workers’ (2015) study, an increase in the substrate molar ratio from 1:0.5 to 1:1 caused
a significant increase in CLA content after 24 h. In VILLENEUVE and co-workers’ (2007) study
related to chemoenzymatic synthesis of structured TAGs with CLA, the optimum incorporation
(44.7%) and fastest kinetics were obtained from a donor mol ratio of 1:3 TAG/acyl.

The contour plot for interaction of time and temperature showed that an increase in time
increased the incorporation of CLA to a certain extent (14 h). However, further increase in
time had no significant effect on the incorporation of CLA. The maximum response surface
was obtained at 14-26 h. The production of SL from safflower oil and CLA and the influence
of reaction time on CLA incorporation were evaluated by Lee and co-workers (2004). The
most incorporation of CLA was reported to occur within a short reaction time (< 2 hours).
According to Mu and co-workers (1998), the incorporation of CLA steadily increased with
an increment in time up to a certain extent, and longer reaction time (> 15 h) was found to
have no significant effect on the incorporation of CLA.
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Fig. 3. Contour plots for the incorporation of CLA time-substrate molar ratio

3. Conclusions

In this study, the influences of substrate molar ratio, reaction temperature and time were
investigated on the incorporation yield of CLA into hazelnut oil. In our study, it was found
that the incorporation of CLA was insignificantly affected by the alteration of temperature at
the working range. The incorporation of CLA was found to increase with increasing substrate
molar ratio until maximum incorporation was achieved. Optimal incorporation conditions
were determined as follows: reaction temperature, 59 °C; time, 6 hours; substrate molar ratio,
4. Under these optimal conditions, a maximum incorporation ratio of CLA into hazelnut oil
0f 49.42% was achieved.
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