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Abstract−−−−−−−− Pilot-scale treatments of sunflower oil 

similar to deodorization were carried out by apply-

ing steam stripping at different temperatures rang-

ing from 179 to 282°C for 5 h. Samples were taken 

every half hour, and fatty acid composition was de-

termined by gas chromatography.  

The results showed an increase in the relative 

percentage of trans linoleic acid with an increase in 

either time or temperature. The formation of trans 

linoleic acid isomers followed a zero-order reaction 

and the kinetic constants varied according to the Ar-

rhenius’ law. The activation energies for the forma-

tion of the acids C18:2ct, C18:2tc and C18:2tt were 

calculated as 147.4, 147.8 and 146.6 kJ/mol, respec-

tively. 

Keywords−−−−−−−− Deodorization, Sunflower oil, Trans 

isomer formation, Zero-order reaction, Linoleic acid. 

I. INTRODUCTION 

Deodorization is the last stage in the refined process of 

vegetable oils, designed to eliminate the free fatty acids 

and volatile products that confer undesirable flavors and 

scents to the edible oils. Deodorization is feasible be-

cause of the great differences in volatility between the 

triglycerides present in the neutralized and blanching 

oils, practically non-volatile, and the substances that 

need to be eliminated. The deodorization is a steam-

distillation process carried out at relatively high tem-

perature (200-270°C) and low pressure (1-8 mm Hg) 

(Cook, 2002).    

The introduction of an inert gas, or stripping steam, 

increases vaporization and further reduces the tempera-

ture needed for distillation. The application of reduced 

pressure during the operation protects the hot oil from 

atmospheric oxidation, prevents undue hydrolysis of the 

oil by water, and greatly reduces the quantity of steam 

needed (Norris, 1985). 

During the process, other important components of 

the oils, such as tocopherols, tocotrienols, sterols and 

fatty esters, are also partially eliminated. In addition, the 

double bonds may isomerize from cis to trans form 

(Norris, 1985). As it is known, the unsaturated fatty ac-

ids can present different geometric configurations, 

though in vegetable oils they are naturally in the cis 

form. During deodorization, due to effects of tempera-

ture and time of processing, variable quantities of trans 

fatty acids (TFA) are formed.  

TFA have been reported to be unfavorable for hu-

man diet due to their negative health effects. It has been 

demonstrated that the percentage of TFA contained in 

the diet is strongly correlated with coronary heart dis-

eases (Mozaffarian et al., 2004; Han et al., 2002).  

Deodorization is the main step of oil refining that 

contributes to increase the TFA content. In European 

countries, the quality parameters for refined edible oils 

include low TFA levels (Aro et al., 1998). The descrip-

tion “Low trans fatty acid content” implies that the 

product must contain less than 1% trans acid, with a 

normally accepted maximum of 0.8% in the finished 

product (Cook, 2002). In 2003, the Food and Drug Ad-

ministration (FDA) ruled that the amount of TFA in a 

food item must be stated on the label after January 1, 

2006; food items could be labeled 0% trans if they con-

tain less than 0.5 g/serving (FDA, 2003). Although the 

oil is not hydrogenated, it even must be deodorized, and 

thus the effect of the thermally induced cis-trans isom-

erization becomes important. For this reason, although 

the formation of geometrical isomers during deodoriza-

tion is known since 1974 (Ackman et al., 1974), it is 

still a subject of study.  

The aim of the present work is to explore the effects 

of temperature and time on the concentration of TFA 

during the heat treatment of sunflower oil. 

II. METHODS 

A. Materials 

Commercial refined sunflower oil was used in all the 

experiments (Natura, 5L bottles). The fatty acid compo-

sition of the oil is given in Table 1. The starting sun-

flower oil contained a small amount of trans isomers of 

oleic acid (0.22%) and a larger quantity of trans linoleic 

acid isomers (0,05% of 18:2tt, 0,49% of 18:2tc, and 

0,37% of 18:2ct). 

B. Pilot-scale operation 

The system was composed for Parr reactor 4841 with a 

total capacity of 2 L, with external electric jacket, and 

equipped with agitator and temperature control. The 

striping gas was steam provided by a boiler, with a flow 

of 0.01 kg/min. The steam was injected into the oil 

through small holes arranged in the sparger system at 

the bottom of the reactor. Samples were collected every 

half hour, and then the hot samples were quickly cooled 

and kept under nitrogen at -20°C in dark brown glass 

bottles. The pressure in the equipment during operation 
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was atmospheric because previous studies show that 

pressure has unimportant effects over TFA formation 

(Ceriani and Meirelles, 2007).  

Heat treatments of sunflower oil were carried out for 

5 h at 179, 199, 225, 249, and 272°C. About 60 min was 

needed to reach final temperature in all the experiments. 

The residence time was started when the test tempera-

ture was reached. 

C. Analysis of fatty acid composition 

Fatty acid methyl esters (FAMEs) were prepared acord-

ing to IUPAC (1992) standard method 2.301: 10 mL of 

a methanolic NaOH solution (0.13 M) was added to 

0.15-0.20 g of oil. The mixture was boiled under reflux 

for 15 min. After cooling, phenolphthalein and 3 mL of 

5% H2SO4/MeOH solution were added. The sample was 

heated again under the same conditions for 10 min. Af-

ter cooling, 10 mL of saturated NaCl solution were add-

ed to dilute the methanolic solution. FAMEs were ex-

tracted with 1 mL of hexane.  

Analysis of the FAMEs was made by capillary gas 

chromatography following procedures established by 

norm AOCS Ce 1c-89, using an Agilent 4890D chro-

matograph, equipped with a flame ionization detector 

(FID) and a split injector. A 100-m long SUPELCO 

2560 capillary column, with a nominal diameter of 0.25 

mm and a nominal film thickness of 0.20 µm, was used 

for the separation of the different compounds present in 

the samples. Hydrogen was used as carrier gas at a pres-

sure of 18psi. Detector and injector temperature were 

held at 250°C and 225°C respectively. The oven tem pe-

rature was increased at a rate of 1°C/min from 130°C to 

210°C, and it was held at 210°C for 20 min. FAMEs 

peaks were identified by comparison with the retention 

time of the respective standard (37 component FAME  
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Figure 1.  Partial chromatogram of fatty acid methyl esters of 

sunflower oil. SP-2560 capillary column, 100 m x 0.25 mm, 

0.20 µm; 130°C to 210°C at 1°C/min (hold 20 mi). Refer-

ences: a: C18:0, b: C18:1t, c: C18:1c, d: C18:2tt, e: C18:2ct, f: 

C18:2tc, g C18:2cc. 

mix, Supelco). The 18:2tt, 18:2tc and 18:2ct trans iso-

mers were clearly identified in the oil samples as it is 

showed in Fig. 1 (using a linoleic acid methyl ester, 

cis/trans-isomers mix, Sigma). 

D. Statistical analyses 

To study the effects of the different factors and to test 

the statistical significance, the Analysis of Variance 

(ANOVA) was performed on the analytical data con 

cerning the total trans C18:2. 

III. RESULTS AND DISCUSSION 

Table 1 shows the fatty acid composition of sunflower 

oil before and after the heat treatment at different tem-

peratures for 300 min. The total TFA content in the oil 

samples varied from to 1.13 to 8.89%. The most signifi-

cant increase of the generated trans isomers is for the 

C18:2, since the C18:1c is little or non-reactive (Me-

dina-Juárez et al., 2000) and the C18:3 is in very low 

quantity in sunflower oil.  

When the C18:2 trans isomers were individually 

analyzed, it was found that the formation of C18:2tt is 

lower than the formation of C18:2tc and C18:2ct (0.20 

versus 4.27 and 4.20 respectively). 

Figure 2 shows the increase of the total 18:2 trans 

isomers (C18:2tt + C18:2tc + C18:2ct) versus time for 

the five operation temperatures. Values at time zero cor-

respond to the oil before treatment. The more significant 

changes were observed when the highest temperature 

and time were applied (5 h and 272°C) with 8.67% of 

TFA content. 

In all experiments tested, the evolution of concentra-

tion versus time was linear. These linear relationships in 

Fig. 2 confirmed that the isomerization of linoleic acid 

is a zero-order reaction, where rate is independent of the 

concentration of the reactant. Kinetic modeling allows 

to derive basic information for the system in order to 

describe the reaction rate as a function of processing 

time, and thus predict changes in a particular oil during 

heat treatment. 

Table 1. Fatty acid composition (results are expressed as 
weight percentage total FAME) of sunflower oil before and af-

ter processing. 
FA t=0     t =300  min    

    179°C 199°C 225°C 249°C 272°C 

14:0 0.07 0.08 0.08 0.08 0.07 0.08 

16:0 5.80 6.02 6.03 6.00 6.06 5.94 

16:1 0.09 0.09 0.10 0.10 0.10 0.10 

17:0 0.04 0.04 0.04 0.04 0.04 0.05 

17:1 0.03 0.03 0.03 0.03 0.03 0.03 

18:0 3.54 3.45 3.44 3.45 3.51 3.48 
18:1t  0.22 0.17 0.19 0.17 0.22 0.22 

18:1c 32.89 32.34 32.49 32.38 32.70 32.84 

18:2tt 0.05 0.04 0.06 0.06 0.10 0.20 
18:2tc 0.49 0.51 0.52 0.66 1.31 4.27 

18:2ct 0.37 0.44 0.45 0.58 1.21 4.20 

18:2cc 54.90 55.34 55.12 54.97 53.19 47.16 
20:0 0.26 0.25 0.25 0.26 0.27 0.27 

20:1 0.12 0.12 0.11 0.12 0.12 0.14 

18:3ccc 0.06 0.06 0.06 0.05 0.03 0.01 

22:0 0.76 0.71 0.72 0.72 0.74 0.73 

22:2 0.04 0.04 0.05 0.04 0.04 0.04 

24:1 0.27 0.26 0.25 0.28 0.26 0.25 

total TFA  1.13 1.16 1.22 1.47 2.84 8.89 
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Figure 2. Total trans linoleic acid (C18:2tt + C18:2tc + 

C18:2ct) as a function of processing time, at different tem-

peratures of deodorization. References: ∗ 272ºC, ♦ 249ºC, ∆ 

225ºC, o 199ºC, x 179ºC. 

0

1

2

3

4

5

0 60 120 180 240 300

time (min)

1
8
:2
 tr
a
n
s 
is
o
m
er
s 
(%
)

 
Figure 3. Trans isomers of linoleic acid as a function of proc-
essing time (deodorization temperature: 272ºC). References: o 

C18:2tt, x C18:2tc, ∆ C18:2ct. 
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Figure 4.  Arrhenius plot for the C18:2 trans isomer forma-

tion. References: o C18:2tt, x C18:2tc, ∆ C18:2ct. 

Figure 3 displays the C18:2tt, C18:2tc and C18:2ct 

content as a function of processing time when heat 

treatment was performed at 272ºC.  The data were sub-

jected to regression analysis using the zero-order reac-

tion (Eq. 1 and 2). 

k
dt

dC trans =2:18        (1) 

( ) ( )
02:182:18 . transttrans CtkC +=    (2) 

where Ct is the measured concentration value (g/ml), C0 

is the initial concentration, t is the reaction time (min), 

and k is the reaction rate constant (g/ml.min).  

The Arrhenius equation is usually applied to de-

scribe the reaction rate constant temperature depend-

ence: 








 −
=

RT

E
kk a

o exp
     (3) 

where ko is the pre-exponential factor (g/ml.min), Ea is 

the activation energy (J/mol) for the trans-18:2 isomer 

formation process, and R is the gas constant (8.314 

J/mol.K). 

Table 2 shows the values of the kinetics constants k 

obtained at different temperatures for the three C18:2 

trans isomers. Values for 179 and 199ºC are not re-

ported because concentration measurements presented 

high dispersion, possibly due to errors in the chroma-

tographic analyses as a consequence of the low concen-

tration of trans isomers. 

The values for the rate constant were higher for the 

formation of C18:2ct and C18:2tc than for C18:2tt. The 

k values for C18:2ct and C18:2tc were very similar, 

consistently with their concentration after the heat 

treatment (Table 1). 

The goodness of fit of the experimental data to the 

model is measured with the correlation coefficient R
2
. 

The correlation coefficient values ranged from 0.90 to 1, 

except for C18:2tt content at 225ºC which could be a 

consequence of its low concentration. Therefore, the 

formation of trans isomers can be correctly fitted with 

the zero-order reaction.  

The activation energy for the trans isomer formation 

was calculated from the slope of the Arrhenius plot of 

the reaction rate constant of 225, 249 and 272ºC, as 

shown in Figure 4. The Ea values were 146.6, 147.4 and 

147.8 kJ/mol for C18:2tt, C18:2ct and C18:2tc respec-

tively. The activation energies were comparable for the 

three isomers, but the pre-exponential factor of C18:2tt 

was lower than the corresponding factor for mono-trans 

C18:2 isomers. This explains why the content of mono-

trans C18:2 isomers was higher than that of C18:2tt in 

all the sample measurements. 

These results are compared to those reported by 

León Camacho et al. (2001) for the deodorization of 

sunflower oil using nitrogen as stripping gas instead of 

steam. The kinetic constants for the formation of the 

C18:2ct, C18:2tc and C18:2tt acids were 138.9, 152.72 

and 116.7 kJ/mol, also using a zero-order reaction. 

There are numerous references to the kinetics of 

trans isomer formation during deodorization, although 

the majority of these works reported first order reaction 

for linolenic isomerization. O’Keefe et al.  (1993) ana-

lyzed soybean oil and reported that the loss of linolenic 

acid followed an apparent first-order kinetics and the ac-

tivation energy was 82.1 kJ/mol. The formation of 

C18:3cct did not follow simple kinetics, and its apparent 

activation energy was 146.0 kJ/mol. 



Latin American Applied Research  40:213-217(2010) 

216 

 

Table 2. Isomerization constants of linoleic acid 

 T (°C) k (g/ml.min) R²  Ea (kJ/mol) 
ko 

(g/ml.min) 

C18:2tt 225 1.52 10-5 0.5261 146.6 3.9557 1010 

 249 9.95 10-5 0.9069 R2 = 0.9906  

 272 3.18 10-4 0.9321   

C18:2ct 225 4.49 10-4 0.9506 147.4 1.3218 1012 

 249 2.40 10-3 0.9881 R2 = 0.9998  

 272 9.66 10-3 0.9990   

C18:2tc 225 4.47 10-4 0.9549 147.8 1.4387 1012 

 249 2.33 10-3 0.9851 R2 = 1  

 272 9.72 10-3 0.9991   

Table 3. Summary of the statistical analysis (ANOVA) for to-

tal C18:2 trans. 

Source 
Sum of 

Squares 

Mean 

Square 
F-Ratio P-Value 

A:Temperature 39.5089 39.5089 64.05 0.0000 

B:Time 22.9023 22.9023 37.13 0.0000 

AB 19.3616 19.3616 31.39 0.0001 

Total error 8.63627 0.616876   

Total (corr.) 90.4091    

R-squared = 90.4473 % 

Wolff (1997) studied the formation of linolenic acid 

geometrical isomers in linseed oil when it was heated 

under vacuum at different temperatures (190-260ºC) for 

several durations (2-16 h). At temperatures higher than 

200ºC, disappearance of linolenic acid followed a first-

order kinetic. 

Hénon et al. (1999) reported that the formation of 

trans linolenic and linoleic acid isomers followed a 

first-order reaction and the kinetic constant varied ac-

cording to the Arrhenius law. They found isomerization 

constants for linoleic acid range from 2.5 10
-4
 to 150 10

-

4 h-1 when temperature varied between 210 and 270ºC.  

Gercar and Smidovnik (2002) performed a labora-

tory treatment of soybean oil under atmospheric pres-

sure in the presence of air or nitrogen at different tem-

peratures ranging from 160 to 250°C for 12 to 72 h. For 

both linoleic and linolenic acid, the reaction of forma-

tion of trans isomers followed a first-order reaction, and 

the rate constant of isomerization varied according to 

the Arrhenius law. The isomerization rate constant (at 

250°C) was 7.39×10
−3
 h
−1
 for the linoleic acid (in ab-

sence of oxygen) and 0.87×10
−1
 h
−1
 for the linolenic ac-

id. 

The statistical results for the trans-C18:2 formation 

during the heat treatment of sunflower oil are summa-

rized in Table 3. The analysis of variance (ANOVA) 

partitions the variability in the total trans-C18:2 content 

into separate components for each of the effects.  In this 

case, three effects are statistically significant (with P-

values less than 0.05): temperature, time and their inter-

action. Furthermore, R
2
 indicates that the fitted model 

explains 90.45% of the variability. 

Figure 5 shows a surface plot for the total trans-

C18:2 formation during the heat treatment process using 

steam as stripping gas (0.01 kg/min) under atmospheric 

pressure. The results of the present work are in agree-

ment with the published data reporting that residence 

time and operating temperature have the most important 

effect on the extent of trans isomers formation (Lam-

belet et al., 2003).  

Kellens (1997) indicated that, in order to obtain de-

odorized oils with low levels of TFA (<1%), physical 

refining should be performed at 235-240ºC. Taking into 

account the relative effect of temperature and time (Ta-

ble 3), lower temperature and longer processing could 

be used in order to decrease TFA formation. Under the 

operation conditions reported in this work, it would be 

necessary to operate at temperatures lower than 250ºC 

for a maximum of 2 h in order to accomplish an accept-

able TFA value, considering that the sunflower oil con-

tained an initial amount of trans isomers of ~1%. 

IV. CONCLUSIONS 

Heat treatment of sunflower oil, similar to deodorization 

were carried out by applying steam stripping at different 

temperatures ranging from 179 to 182°C for 5 h.  

The results showed an increase in the relative per-

centage of trans linoleic acid with an increase in either 

time or temperature. The formation of trans linoleic acid 

isomers followed a zero-order reaction and the kinetic 

constants varied according to the Arrhenius’ law. The 

activation energies for the formation of the acids 

C18:2ct, C18:2tc and C18:2tt were calculated as 147.4, 

147.8 and 146.6 kJ/mol, respectively. 
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NOMENCLATURE 

C   concentration (g/ml) 

C18:1c  oleic acid 

C18:1t  elaidic acid 

C18:2  linoleic acid 

C18:3  linolenic acid 

Ea    activation energy (J/mol) 

k    reaction rate constant (g/ml.min) 

ko    pre-exponential factor 

R    gas constant (8.314 J/mol K) 

t    time (min) 
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Figure 5. Surface plot. Total trans-C18:2 formation during 

deodorization process. 
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