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ABSTRACT 
The aim of this study was to evaluate the fatty acid profile in soybean cultivars from northeastern Brazil, materials developed 

primarily to achieve a minimum level of oil and protein. The purpose is to serve as to warn about the need to modify fatty 
acids profiles to enhance both the oil for human consumption and that used in biodiesel production. Results showed the 

predominance of linoleic acid (average 50.1%) followed by oleic acid (27.9%), palmitic acid (11.97%), linolenic acid (6.68%) 

and stearic acid (3.38%) in the composition of fatty acids. Such condition makes soybean oil less competitive for both human 

consumption (for its high content of saturated fatty acids) and the biodiesel industry (problems with oxidative stability and 
flow in the cold). Considerations are also made on conventional and modern techniques to overcome these drawbacks. 
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Soybean oil consumed in the United States in 2016 reached 54% of total fat and edible oil (Soystats 2017). The 
attraction for this consumption of soy is determined mainly by price, among others, and by fatty acid composition, 
which traditionally contains 11% of palmitic acid (16:0), 4% of stearic acid (18:0), 23% of oleic acid (18:1), 54% 

of linoleic acid (18:2), and 8% of linolenic acid (18:3) (Guo and Petrovic 2005). Palmitic and stearic acids are so-
called saturated acids in the sense that there is no double bond between the carbon atoms in their chemical 

makeup, causing the fatty acids to saturate with hydrogen. The other acids are called unsaturated: the mono-
unsaturated oleic acid (18:1), and the polyunsaturated acids; linoleic acid (18:2) and linolenic acid (18:3). 

The World Health Organization (WHO), in conjunction with the Centers for Disease Control and Prevention 

(CDC) and the FDA in The United States of America, advise people to limit their intake of saturated fat since it 
has been shown it has been linked to cardiovascular disease. A diet high in saturated fats can lead to high 
cholesterol, atherosclerosis, coronary artery disease and stroke. Consuming saturated fats increases low-density 

lipoprotein (LDL) – also known as the "bad" cholesterol. Unsaturated fat, on the other hand, increases high-
density lipoproteins, resulting in a healthier cholesterol profile. 

The consumption of oils with high of oleic acid is very desirable, since this monounsaturated fatty acid: a) 
improves the useful life of the oil; b) reduces the need for a process called hydrogenation, which increases the cost 
of oil and causes the unwanted trans fat acid that has been linked to many human health problems (myocardial 

infarction and arteriosclerosis). The harmful health effects of trans fats are even worse than those of saturated fats 
(Ascherio and Willet 1997; Danaei 2009). In addition, saturated fats increase LDL, while trans fats also increase 
the proportion of LDL in the blood. 

The fatty acid profile of vegetable oils is also an important aspect when used as fuel by the new environment 
conservation policy and as substitute fossil fuels, supposedly involved in the greenhouse effect. In biodiesel 

production, there is a need for oils with high levels in oleic acid and low in saturated fatty acids to improve 
oxidative stability and increase flow in the cold. The oxidative stability of the biodiesel is related to the oxidation 
that occurs in all natural oils, causing quality degradation and affecting its viscosity, which can clog engine filters 

and cause serious damages. Due to the high oxidation rate, soybean biodiesel has the shortest shelf life compared 
to petroleum diesel (Dunn 2005). The flow properties in the cold refer to the loss of fluidity of the oil caused by 
the low temperature and the occurrence of crystallization. 

Both the oxidative stability and the cold flow properties of the biodiesel are strongly influenced by the lipid 
composition of the soybean oil. The flow in the cold is affected by saturated fatty acids (stearic and palmitic 
acids). Oxidative stability depends on the number of carbon double bonds of fatty acids, decreasing the large 

number of carbon double bonds in the acid. Thus, oleic acids with a double bond (18: 1) has higher oxidative 
stability than linoleic acids (18: 2), and linolenic acids (18: 3) with three double bonds is the least stable 

(Clemente and Cahoon 2009). Lipid profile information of the oil of soybean cultivars in the country are scarce 
and nonexistent in the Northeast region. The objective of the present study was to evaluate the current state of the 
oil quality of some soybean cultivars in the Mid-North region and its relationship with health and biodiesel 

production. 
Four conventional cultivars developed by EMBRAPA and grown under experimental field conditions as check 

varieties in final evaluation in Chapadinha-MA (Latitude 03º 44' 30" S) in Northeast region of Brazil, during the 

2009/10 crop (BRS Tracajá, BRS Candeia, BRS 326 and BRS Carnauba) were evaluated. Ten seeds were 
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randomly selected from each cultivar for fatty acid analysis. Each sample was placed inside a paper envelope, 
then, it was manually crushed with a hammer and put in separate test tubes for fatty acid extraction. Crushed seeds 

were extracted in 5mL chloroform: hexane:methanol (8:5:2, v/v/v) overnight. Derivatization was done by 
transferring 100 mL of extract to vial and adding 75 mL of methylating reagent (0.25 M methanolic sodium 
methoxide:petroleum ether:ethyl ether, (1:5:2, v/v/v). Hexane was added to dilute samples to approximately 1 mL. 

An Agilent (Palo Alto, CA) series 6890 capillary gas chromatographfitted with a flame ionization detector 
(2758C) was used with an AT-Silar capillary column (Alltech Associates, Deerfield, IL). Standard fatty acid 

mixtures (Animal and Vegetable Oil Reference Mixture 6, AOACS) were used as calibration reference standards 
(Figure 1). 

 

                        
Figure1. Chromatograph coupled to mass spectrometry Agilent. 

 
Average oil content of the cultivars analyzed was 17%, ranging from 15.6 to 19.8% (Table 1). This average is 

lower than that reported by Peluzio et al., (2014) for cultivars from the State of Tocantins, averaging 19.6%. It was 
also lower than the averages published by Costa et al. (2001) for cultivars from the States of Paraná, Santa 

Catarina and Mato Grosso, which reached 19.1%. It is known that environmental effects on quantitative traits such 
as seed oil in soybean can significantly affect the performance of a given genotype when exposed to varying 
growing conditions (Hemingway et al., 2015). 

 
Table 1. Percentage of oil contents (on dry basis) of seed oils from four soybean cultivars grown in the Northern 
Region of Brazil. Chapadina, MA, Brazil. 2011.  

 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 

 

Cultivar Oil (%) 

BRS Tracajá 22.09 

BRS Candeia 21.78  

BRS 326 22.36 

BRS Carnaúba 22.74 

Mean 22.09 
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The oil content of soybean cultivars in the Northeast of Brazil (17%) is also lower than their Argentine peers, 
whose average is 23.0%, ranging from 22.0 to 24.1%, (Maestri et al., 1998). Similarly, North American soybean 

cultivars have higher oil contents than their peers in the Brazilian Northeast, with an average of 18.6% (Hurburgh 
1994). This comparisons has limitations since Brazilian data refer to a single site and a smaller number of 
genotypes. 

Table 2 shows the analyzed soybeans cultivars. Fatty acids composition showed the predominance of linoleic 
acid (average of 50.1%), followed by oleic acid (27.9%), palmitic acid (12.0%), linolenic acid (6.7%) and stearic 

acid with 3.4%. This sequence of predominance of certain fatty acids is also reported (on average) for the twenty 
main Brazilian cultivars (Pereira et al., 1991) and those destined for human consumption (Vieira et al., 1999). All 
cultivars evaluated in this study followed this trend of medium profile, except BRS Tracajá, which has high 

content of oleic acid (42%) and low relative content of linoleic acid (38.7%) and linolenic acid (4.8 %). The 
differentiated profile of this cultivar cannot be attributed to the selection process, since neither fatty acid 
evaluations nor selection were performed. It is also worth mentioning that BRS Tracajá was the cultivar with the 

lowest oil content (15.6%). 
Comparing the lipid profile of cultivars from the Brazilian Northeast with their Argentine peers (Maestri et al., 

1998), and North American (Oliva et al., 2006) peers, with the exclusion of BRS Tracajá, the percentages of fatty 
acids are similar, except for stearic acid content that in the Brazilian genetic material appears with lower values 
(Table 2). 

 
Table 2. Fatty acid profiles of seed oil contents (on dry basis) of seed oils from four soybean cultivars grown in 
the Northern Region of Brazil. Chapadina, MA, Brazil. 2011. 

 

Cultivar 

 

Palmitic 

acid (%) 

Estearic acid 

(%) 

Oleic 

acid (%) 

 Linoleic 

acid (%) 

Linolenic 

acid (%) 

BRS Tracajá 11.5 3.1 42.0 38.7 4.8 

BRS Candeia 11.7 3.3 26.9 51.8 6.3 

BRS 326 12.7 3.6 19.0 56.0 8.7 

BRS Carnaúba 12.0 3.5 23.7 53.9 6.9 

Mean 12.0 3.4 27.9 50.1 6.7 

 

The modifying of the composition of soybean oil has been a goal of some breeding programs, especially in 
developed countries. As a result, new genotypes with different fatty acid profiles have been developed through 
genetic recombination, induced mutation and transgenic (Oliva et al., 2006; Haun et al., 2014). 

A list of modified genotypes with altered fatty acid profiles to meet improvement demands to make the oil 
healthier and more suitable for the biodiesel industry is shown in Table 3. It showns that changes are oriented to 
increase oleic acid at the expense of linoleic acid and, to a lesser extent, linolenic and palmitic acids. The highest 

values obtained for oleic acid in the modified genotypes range from 43 to 53%. In this sense, the cultivar BRS 
Tracajá with 42% oleic acid is interesting because it reached this value without any selection procedure. However, 
this content is not very different from that found by Vieira et al. (1999), which considered the cultivar Embrapa-4 

atypical with oleic acid content higher than the other cultivars (39.9%). 
Efforts to change the fatty acid profile of soybeans have privileged the increase of oleic acid due to the 

importance of this component for the health and biodiesel industry. By means of the conventional genetic 
improvement, it has been possible to raise the content of this acid up to 70% (Scherder and Fehr 2008). Another 
way of modifying the fatty acid profile is with the molecular approach by combining mutant alleles of the FAD2-

1A and FDA2-1B genes, which can synergistically increase oleic acid levels at the expense of linoleic acids. With 
this technique it was obtained lines containing the mentioned alleles, in homozygous condition, with 80 to 90% of 
oleic acid of the total fatty acids (Hoshino et al., 2010; Pham et al., 2010; Pham et al., 2011; Pham et al., 2011; 

Thapa et al., 2016; Sweeney et al., 2017). 
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Table 3. Profile of fatty acids from cultivar seeds (in bold in the table) and modified soybean genotypes in five 
environments in Missouri, North Caroline and Mississippi. 2004 (Oliva et al., 2006). 

 

Genótipo Palmitic 

acid (%) 

Estearic 

acid (%) 

Oleic acid 

(%) 

 Linoleic 

acid (%) 

Linolenic 

acid (%) 

IA 3017 11.00 4.20 27.60 56.00 1.10 

IA 3018 10.50 3.70 24.20 59.30 2.30 

S01-9370 10.40 3.70 20.90 61.30 3.70 

C1943 4.00 3.70 34.20 51.20 6.70 

S01-9267 4.40 3.00 26.40 58.70 7.30 

C1727 15.20 3.60 19.50 53.60 8.10 

M23 9.40 3.60 44.90 35.40 6.60 

N 97-3393-4 8.50 4.10 49.80 34.80 2.70 

N 98-4445A 9.10 4.20 53.30 30.70 2.70 

Holl 9.20 3.60 43.50 39.70 4.00 

CR03-529 10.90 4.50 38.30 42.80 3.50 

MD 00-6605 4.10 3.90 30.80 57.50 3.60 

MD 99-5458 4.00 3.90 25.20 62.80 4.10 

DKB 38-52 11.20 3.70 23.50 54.90 6.70 

MPV 457 10.20 4.40 25.50 52.70 7.20 

AG 4902 10.40 4.10 23.70 54.10 7.70 

Manokin 11.30 4.40 21.30 55.60 7.31 

Cultivars means 10.78 4.15 23.50 54.33 7.22 

Non cultivars means 8.52 3.82 33.75 49.54 4.35 

 

ACKNOWLEDGEMENT 

 

The author would like to thank Embrapa and the University of North Carolina for undertaking this work as part 
of my postdoctoral fellowship. Also to Dr. Andrea Cardinal for being my postdoctoral counterpart and Bill 
Novinsky from the Laboratory of the Agricultural Research Service of Raleigh-NC for the generous help with the 

determination of oil and lipid profiles of soybean seeds by nuclear magnetic resonance. 

 

 

 

http://www.asbjournal.com/


105 Freely available online 

www.asbjournal.com Agronomy Science and Biotechnology, Volume 4, Issue 2, Pages 101 - 106, 2018 

 

  

REFERENCES 

 
Ascherio A and Willett WC (1997) Health effects of trans fatty acids. American Journal of Clinical Nutricion 66: 
1006-1010. 

 
Clemente TE and Cahoon EB (2009) Soybean oil: genetic approaches for modification of functionality and total 
content1. Plant Physiology 151: 1030–1040. 

 
Costa NP da, Mesquita CM, Maurina, AC, França-Neto JB, Pereira JE, Bordingnon JR, Krzyzanowski FC and 

Henning AA (2001) Efeito da colheita mecânica da soja nas características físicas, fisiológicas e químicas das 
sementes em três estados do Brasil. Revista Brasileira de Sementes 23: 140-145. 
 

Danaei G, Ding EL, Mozaffarian D, Taylor B, Rehm J, Murray CJL, Ezzati M (2009) The preventable causes of 
death in the United States: Comparative risk assessment of dietary, lifestyle, and metabolic risk factors. PLoS Med 
6: e1000058. doi:10.1371/journal.pmed.1000058. 

 
Dunn RO (2005) Oxidative stability of soybean oil fatty acid methyl esters by oil stability index (OSI). Journal of 
American Oil Chemists Society 82: 381-387. 

 
Guo A and Petrovic Z (2005) Vegetable based polyols. In: Erham SZ (editor) Industrial uses of vegetable oils. 

AOCS Press, Champaign, p. 110–30. 
 
Haun W, Coffman A, Clasen BM, Demorest ZL, Lowy A, Ray E, Retterath A, Stoddard T, Juillerat A, Cedrone F, 

Mathis L, Voytas DF and Zhang F (2014) Improved soybean oil quality by targeted mutagenesis of the fatty acid 
desaturase 2 gene family. Plant Biotechnology Journal 12: 934–940. 
 

Hemingway J, Eskandari M, and Rajcan I (2015) Genetic and environmental effects on fatty acid composition in 
soybeans with potential use in the automotive industry. Crop Science 55: 658-668. 

 
Hoshino, T, Takagi Y and Anai T (2010) Novel GmFAD2-1b mutant alleles created by reverse genetics induce 
marked elevation of oleic acid content in soybean seeds in combination with GmFAD2-1a mutant alleles. 

Breeding Science 60: 419–425. 
 
Hurburgh CR (1994) Long term soybean composition patterns and their effects on processing. Journal of the 

American Oil Chemists Society 71: 1425-1427. 
 

Maestri DM, Labucas DO, Meriles JM, Lamarque AL, Zigadlo JA and Guzman CA (1998) Seed composition of 
soybean cultivars evaluated in different environmental regions. Journal of the Science of Food and Agriculture 74: 
494-498. 

 
Oliva ML, Shannon, JG, Sleper DA, Ellersieck MR, Cardinal AJ, Paris RL and Lee JD (2006) Stability of fatty 
acid profile in soybean genotypes with modified seed oil composition. Crop Science 46: 2069-2075. 

 
Peluzio JM, Lopes LA, Carvalho EV, Afférri FS, Dotto MA (2014) Características agronômicas e divergência 
genética de cultivares de soja para percentagem de óleo nas sementes. Revista de Ciências Agrárias 57: 1-8. 

 
Pereira DA, Jablonka FH, Szpiz RR, Lago RCA, Cabral LC (1991) Study of twenty principal soybean varieties 

cultivated in Brazil with respect to quantity and quality of oil. In: Proceedings of international meeting on fats oils 
technology, UNICAMP/GTZ, Campinas, p. 147-149. 
 

Pham TA, Dong JL, Shanonn JG and Bilyeu KD (2010) Mutant alleles of FAD2-1A and FAD2-1B combine to 
produce soybeans with the high oleic acid seed oil trait. BMC Plant Biology 10: 195-208. 
 

Pham AT, Lee JD, Shannon JG and Bilyeu KD (2011) a novel FAD2-1 A allele in a soybean plant introduction 
offers an alternate means to produce soybean seed oil with 85% oleic acid content. Theoretical and Applied 

Genetics 123: 793–802. 
 
Pham AT, Shannon JG and Bilyeu KD (2012) Combinations of mutant FAD2 and FAD3 genes to produce high 

oleic acid and low linolenic acid soybean oil. Theoretical and Applied Genetics 125: 503–515.  
 
Scherder CW and Fehr WR (2008) Agronomic and seed characteristics of soybean lines with increased oleate 

content. Crop Science 48: 1755-1758. 

http://www.asbjournal.com/
http://www.ajcn.org/search?author1=A+Ascherio&sortspec=date&submit=Submit
http://www.ajcn.org/search?author1=W+C+Willett&sortspec=date&submit=Submit


106 Freely available online 

www.asbjournal.com Agronomy Science and Biotechnology, Volume 4, Issue 2, Pages 101 - 106, 2018 

 

  

Soystats (2017) Soybean oil U. S. vegetable oil consumption. Saint Louis: the American soybean association, 
2016. http://soystats.com/soybean-oil-u-s-vegetable-oils-consumption. Accessed in 2 de September de 2017. 

 
Sweeney DW, Carrero-Colón M and Hudson KA (2017) Characterization of new allelic combinations for high-
oleic soybeans. Crop Science 57: 611–616. 

 
Thapa, R, Carrero-Colón M, Crowe M, Gaskin E, and Hudson K (2016) Novel FAD2-1A alleles confer elevated 

oleic acid phenotype in soybean seeds. Crop Science 56: 226–231. 
 
Vieira CR, Cabral LC and De Paula ACO (1999) Composição centesimal e conteúdo de aminoácidos, ácidos 

graxos e minerais de seis cultivares de soja destinadas à alimentação humana. Pesquisa Agropecuária Brasileira 
34: 1277-1283. 

 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

http://www.asbjournal.com/

