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Fatty Acid Contents of Brazilian Soybean Oils with Emphasis on trans Fatty Acids
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As composicdes em dcidos graxos das principais marcas de 6leo de soja consumidas pelos
brasileiros foram determinadas. Em média os niveis de dcidos graxos trans (TFA) variaram entre
0,8 e 2,6% do total de 4cidos graxos e compreendem os isdmeros 18:1, 18:2, e 18:3. Os niveis de
TFA 18:1 foram menores que 0,1% em todas as marcas estudadas. Entre os TFA poliinsaturados,
18:3 foi o predominante, com niveis variando de 0,5 a 1,4%. Este grupo compreende dcidos graxos
mono e di-trans e o principal foi o 18:3 9¢, 12¢, 15¢. As quantidades de TFA 18:2 variaram de 0,3 a
1,1% com predominancia do 4cido 18:2 9¢, 12¢. Teores do 4cido alfa-linolénico variaram de 3,5 a
5,4%, com um valor médio de 4,1%. O grau de isomerizacdo dos dcidos linoléico e alfa-linolénico
variaram de 0,5 a 2,1% e de 9,1 a 27,2%, respectivamente. Este estudo indica que provavelmente
o tratamento térmico aplicado durante o passo de desodorizag¢@o dos dleos nos tltimos anos foi
intenso, resultando em uma diminui¢do significativa do teor de dcido alfa-linolénico no dleo e,
em um aumento na razao n-6/n-3 da dieta dos brasileiros.

The fatty acid composition of the main soybean oil brands consumed by the Brazilian has
been determined. The mean trans fatty acids (TFA) levels ranged between 0.8 and 2.6% of the
total fatty acids and comprised 18:1, 18:2, and 18:3 isomers. 18:1 TFA levels were lower than
0.1% in all the studied brands. Among the polyunsaturated TFA, 18:3 predominated, with levels
ranging from 0.5 to 1.4%. This group comprised mono and di-trans fatty acids and the main acid
was 18:3 9¢,12¢,15¢. The amounts of 18:2 TFA ranged from 0.3 to 1.1% with a predominance of
acid 18:2 9¢,12¢ . Alpha-linolenic acid contents ranged from 3.5 to 5.4%, with a mean value of
4.1%. The degree of isomerization of linoleic and alpha-linolenic acids ranged from 0.5 to 2.1%
and from 9.1 to 27.2%, respectively. This study probably indicates that the thermal treatment ap-
plied to soybean oil during the deodorization step in the last years is too intense and that it results
in a significant decrease in oil alpha-linolenic acid content and an increase in the n-6/n-3 ratio in
the Brazilian diet.

Keywords: trans fatty acids, soybean oils, degree of isomerization

Introduction

In the last decades, soybean has been the most con-
sumed oil in many countries. Brazil has contributed to this
consumption in a great deal, as it is responsible for 22% of
the world soybean production, which makes it the second
largest soybean oil producer and exporter.! Due to the fact
that its alpha-linolenic (18:3 9¢,12¢,15¢) level usually
ranges from 5.0 to 7.0% of the total fatty acids,>* soybean
oil is an important daily source of this acid. It also has a

*e-mail: nesouza@uem.br

significant effect on the n-6/n-3 fatty acids ratio of the diet
of many people.

Refining of soybean oil includes degumming, neutra-
lization, bleaching, and deodorization steps. Isomerization
reactions carried out during the deodorization step may
reduce alpha-linolenic acid levels significantly. A raise in
temperature increases the rate of these reactions.* Conse-
quently, the oil frans fatty acid (TFA) levels increase.

TFA are fatty acids containing at least one frans double
bond. In trans form hydrogen atoms are located on either
side of the carbon atoms, whereas those in the cis form are
located on the same. trans Isomers class include monoun-
saturated trans fatty acids (TMFA), a group of fatty acids
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that have only one unsaturation, which is necessarily in
the trans form. Trans polyunsaturated fatty acids (TPFA)
also belong to this class of isomers, and similarly to their
cis counterparts, have two or more unsaturations, either
all trans or not.

While TMFA are generally produced by hydrogenation
of vegetable oils (Figure 1) or biohydrogenation in
rumminants, TPFA are formed as a result of deodorization
of oils* or frying treatments.’ Intake of foods containing
high TMFA amounts has been associated with the risk
of development of cardiovascular disease,**’ due to
the hazardous effects of these fatty acids on plasma
lipoproteins that increase low density lipoprotein (LDL-c)
and lipoprotein [a] levels and decrease the levels of high
density lipoprotein (HDL-c).
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Figure 1. trans Fatty acid formation in the hidrogenation process.

Although it has been observed that the daily intake of
1.4 g of TPFA 18:3 does not cause significant changes in
the LDL-c and HDL-c plasma levels, a significant increase
in the LDL-c/HDL-c ratio has been associated to the con-
sumption of these isomers.® This ratio is one of the main
indicators of cardiovascular disease risk and thus a high
TPFA intake may contribute to its increase.

The object of this study is to investigate the fatty acid
composition of the soybean oil brands most consumed by
the Brazilian population in the last two years with emphasis
on TPFA, and alpha-linolenic acid.

Experimental
Sampling

Five soybean oil brands of major Brazilian oil
processing companies were analyzed. The brands were
labeled A, B, C, D, and E and were evaluated in six brand
lots between September 2003 and October 2005. Each lot
was analyzed separately and in triplicate.
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Analysis

The preparation of fatty acid methyl esters (FAME) was
carried out according to the methods proposed by Hart-
man and Lago.’ The amount of 30 £ 1 mg of soybean oil
was weighed in a test tube and the lipids were saponified
in 0.5 mol L' sodium hydroxide in methanol and esteri-
fied with a mixture of ammonium chloride, methanol, and
sulfuric acid at 1:30:1.5 (m/v/v). After the addition of the
saturated sodium chloride solution, the FAME was ex-
tracted with 1 mL n-heptane. FAME were separated in a gas
chromatographer 14-A (Shimadzu, Japan) equipped with a
fused silica capillary column CP Sil-88 (50m x 0.25 mm
i.d., X 0.25 um biscyanopropyl polysiloxane) and a flame
ionization detector. The gas flow rates used were 1.2 mL
min’! carrier gas (H,), 30 mL min"' make-up gas (N,), and
30 and 300 mL min"' flame gases (H, and synthetic air,
respectively). Sample splitting rate was 1:50. The column
was heated to 170 °C in 14 minutes and then the tempera-
ture was raised to 225 at 15 °C min™'. Injector and detector
temperatures were 225 °C and 245 °C min’, respectively.
Samples (2 uL) were injected. Peak areas were determined
by an Integrator-Processor CG-300 (Instrumentos Cientifi-
cos CG). The results are expressed as relative area percen-
tages. TPFA 18:2 and 18:3 were identified with FAME of
isomerized linseed oil prepared according to Grangirard
et al."’ Elution order of the 18:2 and 18:3 trans isomers in
this reference mixture was based on equivalent chain length
(ECL) values determined by Wolff'' for CP Sil-88 column.
FAME mixture standard 189-19 (Sigma) and vaccenic acid
methyl ester standard (Sigma) were used for identification
of others fatty acids contained in oil. ECL values were de-
termined for all analyzed acids using a method described
by Ackman'? with methyl esters of 16:0, 18:0, and 20:0 as
reference compounds.

Degree of isomerization

The degree of isomerization (DI) of linoleic (18:2
9¢,12¢) and alpha-linolenic acid (18:3 9c¢,12¢,15¢) were
determined by the ratio between the trans forms and total
cis and trans forms:

ID (%) = tfrans-18:x

= x 100
cis-18:x + trans-18:x

Statistics

The means were compared by variance analysis (ANOVA)
with 5% significance level with Tukey’s test. The significance
of the relations between fatty acids was examined by correla-
tion analysis. P value < 0.05 was considered significant and
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are represented by different letters for results presented in
the same line in Tables 1 and 2. All statistical analyses were
performed with Statistica 5.0 software.'*

Results and Discussion

Table 1 contains the fatty acid composition of the studied
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soybean oil brands. The predominant saturated fatty acids were
palmitic (16:0) and stearic. Arachidic (20:0) and behenic (22:0)
acids were also detected. The detected levels of palmitic acid
were between 11.31 and 11.77% and no significant difference
(P > 0.05) were observed among the samples as evidenced
by the Tukey’s test (a letter for all values of Table 1, line 2).
Stearic acid levels ranged from 3.23 to 3.83% and the value

Table 1. Fatty acid composition of Brazilian soybean oil brands'

Brands
Fatty acids
A B C D E

16:0 11.77 £0.96* 11.29+£0.91° 11.46£0.78" 11.31 £0.50° 11.62+£0.76*
18:0 3.23+£0.37* 3.77 £ 0.46° 3.83£0.44° 3.60 £0.37* 3.76 £0.79°
18:1 7 0.07 £0.02¢ 0.04 £0.03° 0.05£0.01° 0.03£0.01° 0.04 £0.02°
18:1 9¢ 22.27+2.28 23.43 £ 1.00* 24.75 £2.50° 2232+ 1.64° 2275+ 1.34*
18:1 11c 1.54 £0.36* 1.42 +£0.25° 1.48 £0.48 1.50+£0.31° 2.23+0.74°
18:2 9c¢,12¢ 0.66 £ 0.24* 0.26 £0.11% 0.37£0.20¢ 0.15£0.08° 0.32 £0.26%
18:29t,12¢ 0.56 £0.21* 0.22£0.10% 0.30 +£0.16° 0.12£0.08° 0.30 £0.22%
18:2 9¢,12¢ 53.52 £ 1.75* 52.51 £0.72:%¢ 51.29+1.95° 53.80 + 1.06¢ 52.39 £ 1.56®
20:0 0.26 + 0.06* 0.38 £0.09° 0.35£0.09* 0.27 £0.06* 0.28 £0.08*
18:3 91,12¢,15¢ 0.12 £ 0.08* 0.03 £0.02° 0.08 £ 0.06® ND 0.07 £0.05°
18:3 9¢,12¢,15¢ 0.67£0.21* 0.33 £0.12% 0.45£0.11° 0.26 £0.10¢ 0.42£0.19°
18:39,12¢,15¢3 0.69 £0.21* 0.32£0.11% 0.41£0.13° 0.25+0.11¢ 0.40 £0.22°
18:3n-3 3.47 £0.50° 4.73£0091¢ 4.09£0.51* 5.42+0.68° 4.39£0.79¢
20:1n-9 0.20 £ 0.04* 0.21 £0.05® 0.26 +£0.07° 0.19£0.07* 0.22+£0.09*
22:0 0.40 +£0.07* 0.50 £ 0.06° 0.45 £0.09* 0.43 £0.05* 0.46 £0.07*

'The values are means = S.D. of 6 cans analyzed in triplicate. Results expressed as percentage of total fatty acid methyl esters. Means followed by different
letters on the same line are significantly different (P < 0.05) in Tukey’s test. ND = not detected. Other fatty acids with levels lower than 0.1% include 14:0,
16:1, 20:2, 22:1, 24:0, and unidentified fatty acids. *Comprises isomers 18:1 97 and 18:1 11z. *Comprises isomers 18:3 9¢,12¢,15¢.

Table 2. Total fatty acids, degree of isomerization, and n-6/n-3 ratio of the studied soybean oil brands

Brands
A B C D E

18:2¢ 1.13£0.41* 0.48 £0.21% 0.67 £0.36° 0.28 £0.16° 0.59 £0.47%
18:3¢ 1.38 £0.48° 0.68 £ 0.26" 0.93 £0.29° 0.52 £0.22¢ 0.88 +0.46°
18:3! 4.96 +£0.20° 5.41+0.68° 5.02 £ 0.39® 5.93 £0.49° 5.27+£0.41®
SFA 15.67 £ 0.64® 15.94 £ 0.49* 16.09 £ 0.53* 15.61 £0.43° 16.10 £0.27¢
MUFA 24.01 +£1.96* 25.06 £ 0.85* 26.50 £2.34° 24.00 £ 1.63* 25.20 + 1.44*
PUFA 56.99 + 1.87¢ 57.24 £ 1.06* 55.38 £2.05° 59.23 £ 1.65¢ 56.78 £ 1.16™
TPFA 2.51£0.87¢ 1.16 £ 0.46 1.60 £ 0.64° 0.80£0.37¢ 1.47 £0.93°
TFA 2.58 £0.88* 1.20 £0.47% 1.64 £0.64° 0.83 £0.37° 1.51£0.94°

DI 18:2 (%) 2.08 £0.75¢ 0.90 £0.37% 1.27 £ 0.64° 0.53 £0.30° 1.10 £ 0.86°
DI 18:3 (%) 27.18 £9.35¢ 13.17 £ 6.26% 18.65 £ 6.25° 9.06 £ 4.46¢ 17.18 £9.97°
n-6/n-3? 14.76 + 1.90° 11.50 £ 2.26" 1273 £ 1.71° 10.10 £ 1.20¢ 12.38 £2.74°
n-6/n-3? 10.83 £0.59° 9.95 £ 1.29% 10.40 £0.75* 9.19 £0.70° 10.13 £ 1.13*

Means followed by different letters on the same line are significantly different (P <0.05) in Tukey’s test. SFA: saturated fatty acids; MUFA: monounsaturated
fatty acids; PUFA: polyunsaturated fatty acids; TPFA: trans polyunsaturated fatty acids; TFA: frans fatty acids; DI: degree of isomerization; 'comprises
trans and cis isomers; “only cis fatty acids considered; *comprises all isomers.
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obtained for brand A was significantly lower (P > 0.05) than
those of brands B, C, and E.

Monounsaturated cis fatty acids comprised oleic (18:1 9c),
cis-vaccenic (18:1 11c¢), and gondoic (20:1 11c¢) acids. Oleic
acid levels ranged from 22.27 to 24.75% and the value ob-
tained for brand C was significantly higher (P < 0.05) than
those obtained for brands A, D, and E. These values were close
to the ones obtained by Wolff,* who detected oleic acid levels
ranging from 18.9 to 23.9% when he analyzed English and
Belgian soybean oil brands. The levels of cis-vaccenic acid
ranged from 1.42 to 2.23%. Brand E exhibited a significantly
higher value (P < 0.05) than the other brands did.

As for the polyunsaturated fatty acids, linolenic acid
(18:2 9¢,12c) levels ranged between 51.29 and 53.80%,
with a significantly lower value (P < 0.05) observed for
brand C in comparison with brands A and D. Values
between 3.47 and 5.42% were obtained for alpha-linolenic
acid (18:3 9¢,12¢,15¢) levels, with a significantly higher
value (P < 0.05) for brand D. Alpha-linolenic acid levels
presented a wide variation, which was not observed for
the other fatty acids determined. This can be attributed
to the variability associated to the intensity of the
thermal treatment employed in the oil deodorization step.
Temperatures higher than 220 °C contribute strongly to the
isomerization of alpha-linolenic acid.’

Monounsaturated and polyunsaturated TFA were found
in all the studied brands. The TFA 18:1 levels obtained were
very low, with values lower than 0.1%. The levels verified
for linoleic acid geometric isomers ranged from 0.15 to
0.66% (18:29c,12¢) and from 0.12 to 0.56% (18:2 9¢,12c¢).
18:3 TFAs comprised mainly mono-trans isomers, with
levels ranging between 1.4 and 0.5%. Between 92 and 100%
of all the TFA were mono-trans isomers. 18:3 9¢,12¢,15¢
acid was detected in almost all the brands, except for brand
E, whose levels ranged from 0.03 to 0.12%.

Table 2 gives the total fatty acids and the degree of
isomerization of the linoleic and alpha-linolenic acids. The
total TFA found in the soybean oil ranged between 0.83 and
2.58%, with 18:2 and 18:3 TFA levels ranging between 0.28
and 1.13% and 0.52 and 1.38%, respectively. A significantly
higher value (P < 0.05) was obtained for brand A. Although
the levels of linoleic acid found in soybean oil are much
higher than those of alpha-linolenic acid, higher concentra-
tions of 18:3 TFA were observed in all studied brands. This
occurs because the bonds of alpha-linolenic acid are more
labile than those of linoleic acid, which results in a 25-fold
larger isomerization selectivity for 18:3 9¢,12¢,15¢ acids
if deodoration is performed at 200 °C, or 12-fold larger if
performed at 260 °C, as determined by Hénon et al.*

The total level of alpha-linolenic acid and its geometric
isomers ranged from 4.96 to 5.96% (Table 2). These levels
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are lower than those observed by Karabulat et al.,'* who
obtained 6.8% when studying soybean oil produced in
Turkey. Wolff> obtained 18:3 levels ranging between 6.4
and 8.3 for Belgian soybean brands, 7.5% for German
brands, and 7.2% for English brands. As for soybean oil
produced in the USA, levels between 6.0 and 7.6 were
found by Enig et al.> Comparison of these results with the
ones of this study indicates that Brazilian soy contains less
alpha-linolenic acid. This might be the result of seasonal
differences and of the development of new species. It
have been observed in studies with other oilseeds, such as
canola and linseed, that climatic factors have an effect on
linolenic-acid levels.'s

The 18:29¢,12¢/18:3 9¢,12¢,15¢ (n-6/n-3) ratio ranged
between 10.10 and 14.76. A significantly lower value
(P < 0.05) was obtained for brand D in comparison with
A, C, and E. When the trans isomers were added to the
total n-6 and n-3 fatty acids the n-6/n-3 ratio ranged from
9.1 to 10.8. These values correspond to the n-6/n-3 ratio
of soybean oil previous to deodoration, since degumming,
bleaching, and neutralization do not have a significant ef-
fect on TFA formation'¢ as the temperature in these steps
does not usually exceed 120 °C.

The degree of isomerization of linoleic and alpha-
linolenic acids ranged from 0.53 to 2.08% and from 9.06
to 27.18%, respectively. These results were similar to those
obtained by Wolff'" for oil brands available in France. His
studies led to values ranging between 0.2 and 2.0, and 2.3
and 27.2 for the degrees of isomerization of linoleic and
alpha-linolenic acids, respectively. The results obtained
in a study carried out by Wolff* with soybean oil from
Belgium, Germany, and England indicated that the degree
of isomerization ranged from 1.2 to 1.7 for linoleic acid
and from 6.3 to 22.6% for alpha-linolenic acid. As alpha-
linolenic acid is more labile than linoleic acid, its degree
of isomerization is an important indicator of the intensity
of the thermal treatment applied to soybean oil in the de-
odoration step.

Table 3 shows the correlation coefficients between the
main fatty acids found in soybean oil. A strong negative
correlation was observed between the total 18:2 (trans
+ cis forms) and oleic acid (r =-0.91). A strong inverse
correlation was observed between the total 18:2 and
stearic acid (r =—-0.82); however, it was less pronounced.
There was no correlation between the total 18:2 and 18:3
acids. This result indicates that a decrease in the level of
alpha-linolenic acid in soybean is not associated with the
increase in the level of linoleic acid, resulting in a lesser
variability of the n-6/n-3 ratio. The levels of 18:2¢ and
18:3¢ acids exhibited a strong positive correlation (r =
0.98) as well as the DI 18:2 and 18:3 (r = 0.97), show-
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Table 3. Correlations between the main fatty acids contained in soybean oil
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correlations r p correlations T p
18:0; 16:0 -0.78 0.0000 18:2;18:1 n-9 -0.91 0.0000

18:1 n-9; 16:0 -0.63 0.0002 18:3; 18:1 n-9 -0.14 0.4486
18:2; 16:0 0.57 0.0010 18:2; 18:3 0.03 0.8769
18:3; 16:0 -0.50 0.0049 18:21; 18:3¢ 0.98 0.0000

18:1 n-9; 18:0 0.70 0.0000 18:2 n-6; 18:2¢ 0.17 0.3626
18:2; 18:0 -0.82 0.0000 18:3 n-3; 18:3¢ -0.86 0.0000
18:3; 18:0 0.32 0.0863 1D 18:2; ID 18:3 0.97 0.0000

ing that the isomerization of linoleic and alpha-linoleic
acids is favored by the same factors.

Figure 2 shows the total TFA contained in each lot of the
studied brands. The values obtained for brand A inlots 1, 2,
and 6 were between 3.19 and 3.76% of the total fatty acids,
which are the highest TFA levels obtained in this study.
Similar TFA levels were observed by Tang,'” who obtained
values ranging between 1.6 and 3.8% for soybean oil brands
available in Malaysia. A relevant decrease in the TFA levels
was observed in brands B, C, and E from lots 3 and 4 on.
These lots were produced between 3 and 6 months after the
announcement made by the Brazilian Health Ministry that
TFA concentrations should be indicated on food product
labels."® This shows the importance of governmental actions
on the improvement of product quality. Fluctuations in the
conditions of industrial processing such as temperature,
vacuum, humidity and different sample origin can promote
variations in the TPFA concentrations.

W brand A

4.01 . ~¢— brand B

| T —d—brand C

35 ™~ —~O—brand D
T304 A

—&—brand E /

Sample Lots

Figure 2. Total TFA contents of each lot of the studied brands.

Although the limits of TFA levels in refined vegetable
oils have not been clearly determined, oils presenting levels
under 1.0-1.5% are considered good."” A TFA limit of
2.0% of the total fatty acids has been set for food products
in Denmark.? The Brazilian legislation establish that oils
with lower than 0.2 g of TFA/portion can be labeled as

free of TFA, but did not define the mass of a portion. The
limit corresponds to 1% of the total calories that a person
should consume in one day (2000 kcal) considering that
fat has 9 kcal g'. From the oils analyzed in this study, only
brand D exhibited TFA levels lower than 1.5% in all the
studied lots. Brand B presented the second lowest levels,
with values lower than 2.0%.

Conclusions

Results indicate that probably of the thermal treat-
ment applied to soybean oil during the deodorization step
has been too intense in the last years leading to the high
degree of isomerization of alpha-linolenic acid in lots 1
and 2 of most of the analyzed brands. The hypothesis is
reinforced mainly when it is taken into account that the
literature has showed that natural vegetable oils did not
contain significant concentration of TPFA before the in-
dustrialization process. The isomerization contributes to a
significant reduction of the daily intake of alpha-linolenic
acid, since soybean oil is one of the main sources of this
acid for the Brazilian population. Furthermore, it results
in a larger TPFA intake and in an increase in the n-6/n-3
ratio of the diet. The law regulating the indication of TFA
concentration on food product labels has brought positive
results as it led to a reduction of the TPFA levels of most
of the analyzed brands.
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