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ABSTRACT 

The influence of the beef Fatty Acid (FA) profile on human health, has become a recurring concern. For an 
analysis of the lipid composition of food, it is necessary that the complex lipids be quantified in a suitable form 
for subsequent analysis of their composition by gas chromatography. The choice of appropriate methods of lipid 
extraction and esterification of fatty acids, is important in preventing chemical changes from within occurring in 
these molecules and the forming of artifacts. Among the methods used for quantification of lipids, those that use a 
mixture of polar and nonpolar solvents separate the lipids in the sample of the non-lipid components. As these 
methods were carried at ambient temperature, they most suitable for further analysis of the FA profile. These 
methods were extracted lipids efficiently and did not alter their chemical constitution. The methods of derivation 
of fatty acids for esterification could be catalyzed by acids or bases. The method was chosen to convert the lipids 
in Fatty Acid Methyl Esters (FAME) and allow their analysis by gas chromatography, should not lead to 
incomplete conversion of lipids into their FAME or form artifacts. The reagents commonly used in the 
transesterification of triacylglycerols in meat samples were the hydroxides of sodium or potassium hydroxide in 
methanol. Transesterification with these reagents could be developed at room temperature in a short period of 
time. It becomes a reliable technique for the identification of isomers of fatty acids such as conjugated linoleic 
acid. No single method performs optimally in all situations. The researcher must know the nature of the sample 
and select the appropriate method. 
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1. INTRODUCTION 

 The search for a healthier diet has led consumers to 
worry about the amount of fats in foods, since their 
intake is associated with excess risk of cardiovascular 
disease, obesity and cancer (Whetsell et al., 2003, Prado 
et al., 2008a). Fats containing saturated fatty acids can 
raise LDL levels in the blood. However, the fatty acids 
with higher hypercholesterolemic effects are lauric 
(12:0), myristic (14:0) and palmitic acid (16:0) 
(Grummer, 1991; Bragagnolo, 2001). Among them, the 
most atherogenic (lauric and myristic) are 
underrepresented in beef (less than 1% and 3, 
respectively) (Whetsell et al., 2003). Since palmitic acid 

(16:0), despite representing 27% of lipids (Whetsell et 
al., 2003), is considered to have the lowest 
hypercholesterolemic effects. Thus, knowledge of the 
fatty acid profile of beef and its effect on human health, 
has become a recurring theme (Oliveira et al., 2009). 

 The extraction and quantitation of lipids may require 

several steps which include: (1) Pretreatment, including 

drying, reducing particle size and possibly acid 

hydrolysis in order to release the lipid, (2) 

Homogenization of the tissue in the presence of 

solvent/system solvent, (3) the separation of liquids from 

the solids (4) Removal of non-lipid contaminants, (5) 

Removal of the solvents and drying (6) Calculations of 
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the amounts of lipids by weight difference (Sahidi, 

2001). Since the process of analysis of Fatty Acid 

Methyl Esters (FAME) is the esterification of lipids, 

injection, separation, identification and quantification of 

FAME. All these steps must be optimized and carried out 

meticulously so as to achieve the necessary accuracy and 

precision of the analysis (Eder, 1995), several studies are 

currently being conducted in this direction (Cheng et al., 

2011; Tanamati et al., 2005; Manirakiza et al., 2001). 
 Advances in chromatographic liquid and gas 
influenced the study of fatty acids, contributing, among 
other things, with the detailed investigation of some 
positional and geometric isomers, with distinct biological 
functions, which hitherto could not be separated or 
identified (Simionato et al., 2010).  
 To Hammond (2001) cited by Palmiquist and 

Jenkins (2003), "Gas chromatography was probably 

the main and largest event of the 20th century for 

analytical science.  
 For analysis of the lipid composition of food it is 
necessary that the complex lipids be pretreated. Thus 
making the individual fatty acids available for 
chromatographic analysis. Therefore, the fatty acids from 
lipid complexes must be converted into their 
corresponding methyl esters, turning them volatile and 
thus facilitating the GC analysis. Various methods of 
derivatization may be employed for the esterification of 
fatty acids (Eder, 1995, Li and Watkins 2001, Millinsk et 
al., 2008; 2011). 
 Based on these, the aim of this review is to bring an 
approach to choosing the appropriate method for analysis 
of fatty acids by gas chromatography in meat, in order to 
maintain integrity and ensure that the analysis be as real 
as possible.  

1.1. Lipid Extraction 

 The lipids in the tissues occur in a variety of 
physical forms. In beef, about 90% of the lipids are in 
the form of triacylglycerols, which are composed of a 
glycerol molecule and three fatty acids. 
 During the process of extracting lipids, there must 
be disruption of interactions such as van der Waals 
forces and covalent bonds, which act to form complexes 
between lipids and proteins or carbohydrates (Christie, 
1991; Sahidi, 2001). Thus, for the determination of total 
fat, which requires a quantitative extraction of all classes 
of lipid compounds, solvents or various combinations of 
solvents are suggested as extractors (Christie, 2011; 
Aued-Pimentel et al., 2010; Sahidi, 2001). In most 
analysis of lipids, non-polar solvents, such as 
chloroform, are used to break hydrophobic interactions 
(lipids with hydrophobic chains-triacylglycerols) as polar 

solvents with high dielectric constant, such as methanol, 
break hydrogen bonds (phospholipids and glycolipids) 
(Aued-Pimentel et al., 2010). 
 According Aued-Pimentel et al. (2010), several 
gravimetric methods of lipid analysis, are available. The 
choice of the extraction depends on the nature of the 
tissue matrix, e.g., if the sample is of animal, vegetable 
or microbial origin (Christie, 1991). Each method applies 
to different products according to their characteristics 
such as moisture levels, use of additives and processing 
technology, which could influence the performance of 
each method (Aued-Pimentel et al., 2010). Moreover, the 
AG values of total fat obtained through the different 
gravimetric methods have great influence on the values 
of these fatty acids as the total fat content is employed 
for quantifying fatty acids (Alerstam and Christie, 1993; 
Aued-Pimentel et al., 2010). Thus, the methods used to 
store the samples as well as to extract lipids must be 
carefully chosen so that the integrity of the lipids is 
maintained (Christie, 1991). 
 The extraction of fat based on the Soxhlet method 
(AOAC, 1995) typically uses hexane, diethyl ether or 
petroleum ether at discontinuous and intermittent 
refluxes of the hot solvent (Aued-Pimentel et al., 2010; 
Sahidi, 2001). The method is performed without direct 
contact with the sample. Removal occurs mainly on 
nonpolar lipids present in the samples with high or low 
fat. On the other hand, methods using chloroform-
methanol, 2:1 v/v, as suggested by Folch et al. (1957) 
and Bligh and Dyer (1959), have been extensively used 
to quantify the total lipids from biological samples 
(animal tissues, plants and bacteria) (Alerstam and 
Christie, 1993; Sahidi, 2001; Aued-Pimentel et al., 2010) 
and extract both polar and nonpolar lipids (Sahidi, 2001). 
Endogenous water in the tissue is a ternary component of 
the system (Christie, 1991; 2011). Tanamati et al. (2005) 
conducted a comparative study of nine extraction methods 
used for determination of lipids in meat samples. Noting 
that the extraction methods described by Folch et al. (1957) 
and Bligh and Dyer (1959) have a higher efficiency 
compared to other techniques which do not use organic 
solvents and the method of Bligh and Dyer, unmodified and 
modified, which showed a better performance with regard 
to lipid extraction of samples meat.  

 Thus, it is noted that methods that use cold solvent 
mixtures such as those proposed by Folch et al. (1957) 
and Bligh and Dyer (1959), have several advantages. 
Among these are the extraction of all lipid classes (polar 
and nonpolar) and the fact that they can be used in dried 
samples and/or humid conditions, preserving the 

integrity of lipids because it does not use heat and it is a 
simple method, although it uses significant amounts of 
organic solvents and manipulation of large sample. 
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  In the method developed by Folch et al. (1957), the 
extract is mixed and balanced with a quarter of its 
volume with saline (Christie, 1991). After stirring, the 
solvents separate into two layers or phases. The 
backsheet is equivalent to 60% of the total volume and 
consists of chloroform-methanol-water in ratios of 
86:14:1 containing almost all of the lipids. The upper 
phase consists of the same solvents in proportions of 
3:48:47, respectively and contains many of the non-lipid 
contaminants (Christie, 1991; 2011). The lipids in the 
chloroform layer are isolated using a separatory funnel 
(Sahidi, 2001). It is not always known how important the 
proportions of chloroform, methanol and water phases 
are combined, but they should approach 8:4:3, 
otherwise selective loss of lipids may occur (Christie, 
1991). According Christie (2011), developed 
according to the proper protocols, this method can 
provide reliable results.  
 The lipid extraction method of Bligh and Dyer 
(1959) has been suggested to extract fatty acids with low 
molecular weight. However, extraction efficiency is 
strongly influenced by the experimental variables such 
as the ratio of chloroform, methanol and water in the 
proportion of 1:2:0.8 and 2:2:1.8 and, in the initial and 
final steps of the extraction, respectively (Aued-
Pimentel et al., 2010).  
 The method described by Bligh and Dyer (1959) is a 
simple adaptation of the method of Folch et al. (1957) 
and was developed as an economical way (in terms of 
solvents and volumes) to extract the lipids in tissues with 
relatively few lipids (unsaturated fatty acids rarely 
exceed 1% of fresh weight) and high proportion of 
water (Alerstam and Christie, 1993). This method has 
been shown to extract the fat from milk and dairy 
products, as well as muscle to extract lipids (Aued-
Pimentel et al., 2010; Sahidi, 2001). His condition 
extraction means, prevents the loss of low molecular 
weight molecules (Aued-Pimentel et al., 2010). 
 The aforementioned methods are recommended for 
the determination of the lipid samples for the 
determination of fatty acids and other characterization. 
According Aued-Pimentel et al. (2010), their 
environment and condition of extracting ability of the 
solvent mixture, to extract lipids from different classes 
do not change the structure of these molecules.  
 According to official AOAC methods, the basic 
hydrolysis used in samples of milk and cheese (AOAC 
933.05 989.05/AOAC) and acid hydrolysis (AOAC 
963.15) are employed to solubilize the casein digest and 
other compounds to release the fat prior to extraction. 
However, acid hydrolysis provides a greater amount of 
fat to cheese milk samples and is not likely to extract 
lipid material such as glycerol and low molecular weight 
carbohydrate (Aued-Pimentel et al., 2010).  

 Thus, it is observed that the choice of the method 
used in the study of lipid extraction and quantification 
of fatty acids depends on many variables defined in 
each procedure, such as solvent extraction, pre-
treatment characteristics of the samples (fat and 
humidity) and quantification of the AG normalization 
or internal standards.  
 In recent years, several studies aiming to evaluate the 
effects of feed (Fugita et al., 2012; Zawadzki et al., 2011; 
Valero et al., 2011; Sun et al., 2009; Fernandes et al., 
2009; Jorge et al., 2009; Kazama et al., 2008; Silva et al., 
2002; Prado et al., 2008b), genetic groups (Ito et al., 2012; 
Maggione et al., 2009; Rossato et al., 2009; Ducatti et al., 
2009; Oliveira et al., 2009; Orellana et al., 2009; Abrahão 
et al., 2008; Prado et al., 2008a; 2008c; 2008d), sex 
(Prado et al., 2009a; 2009b; Aricetti et al., 2008, Kuss et 
al., 2006), slaughter age (Ito et al., 2010), effect of a 
Luteinizing Hormone-Releasing Hormone (LHRH) fusion 
protein vaccine vs. surgical castration (Ruiz et al., 2005) 
and the anatomical location of muscles (Macedo et al., 
2008) on meat quality in cattle, quantified the total fat, 
using gravimetric methods. It has been observed that, in 
general, if the objective is, beyond the quantification of 
total lipids, the quantification of fatty acids of meat lipids, 
mainly of polyunsaturated lipids, the methods used by 
researchers involve extracting lipids and sampling the 
"fresh" ones with solvents at room temperature. The 
method described by Bligh and Dyer (1959) has been the 
most widely used to extract all classes of lipids 
maintaining their integrity, using small volumes of 
reagents in order to make it simple to implement.  
 However, Orellana et al. (2009) chose to measure the 
percentage of fat from the meat using the Soxhlet method 
(ISO R-1443), while an adaptation of the method described 
by Folch et al. (1957), was used for the extraction of 
intramuscular lipids of beef. Since the determination of 
levels of total fat has an influence on the determination of 
fatty acids from the sample (Aued-Pimentel et al., 2010), 
despite the increased reagent use, handling and greater time 
spent in the analysis, the use of two gravimetric methods, 
such as the Soxhlet and Folch et al. (1957), could bring 
greater accuracy to the results.  
 Although recommended for extracting lipids from 
samples with high water content and low in fat, 
Maggione et al. (2009) and Kuss et al. (2006), used the 
method of Folch et al. (1957) with modifications, to 
extract lipids from beef samples submitted to pre-drying 
in a forced air oven at 55°C. After the separation of the 
solvents, the organic layer containing chloroform was 
subjected to a water bath at 40°C, under a flow of 
compressed air, in both cases. According to Christie 
(1991), it is difficult to extract dehydrated lipids tissue 
and it may be necessary to rehydrate them in compliance 
with the volumes of chloroform, methanol and water in 
proportions of 8:4:3. However, possible changes in lipid 
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composition, caused by dehydration of the sample would 
be irreversible. Still according to Christie (1991), tissue 
homogenates, is generally not necessary to warm the 
solvents used in the method of Folch et al. (1957).  
 In general, for the analysis of lipids, extraction of 
the tissues must be performed by avoiding changes in its 
constitution or with the formation of artifacts (Sahidi, 
2001). Thus, it is observed that there may be changes in 
the methodology of extracting lipids from beef. 
However, lipid extraction methods described by Folch et 
al. (1957) and Bligh and Dyer (1959), are the most 
widely used procedures (Alerstam and Christie, 1993). 

1.2. Preparation of Fatty Acid Methyl Esters 

(FAME)  

 The traditional analysis of fatty acids involves lipid 
derivatives to form more volatile and less polar 
compounds (Fuentes et al., 2006).  
 A method for preparing methyl esters of fatty acids 
for analysis by gas chromatography should preferably be 
simple, fast and quantitative and should not give rise to 
changes or structures and unwanted side reactions 
(Morrison and Schmidt, 1964).  
 The process of deriving the fatty acid analysis can 
be performed by acidic or basic catalysis (Eder, 1995; 
Millinsk et al., 2008; Simionato et al., 2010; Ichihara 
and Fukubayashi 2010; Millinsk et al., 2011). The 
methylation catalyzed by acid is commonly used because 
it is effective under many conditions and methyls all 
fatty acids, including the esterified and unesterified and 
those in salt form. Now, the only alkaline methylation 
transesterify fatty acids that are in the form of glyceride 
(triacylglycerols) (Palmiquist and Jenkins, 2003).  
 However, the esterification of fatty acids for analysis 
by gas chromatography can cause some problems such as 
incomplete conversion of lipids into Fatty Acid Methyl 
Esters (FAME), changes in its composition during the 
transesterification, formation of artifacts that can be 
mistakenly identified as fatty acids or the overlapping with 
the peaks of the methyl esters of gas chromatography 
analysis and contamination resulting in damage to column 
chromatography due to traces of reagents esterification of 
FAME, incomplete extraction and loss of many of the 
short-chain FAME volatiles (Eder, 1995; Millinsk et al., 
2008; 2011). Making it necessary to seek methods to 
minimize such interference in the chromatographic analysis 
(Simionato et al., 2010).  
 In accordance with Li and Watkins (2001), the 
procedure adopted by AOCS, 1989 and (Stark and 
Firestone, 1996), in the preparation of FAME, occurs if 
the small sample from lipids (2-50 mg), by 
saponification with sodium hydroxide, is followed by 
esterification catalyzed by boron trifluoride (BF3). This 
protocol fits most analysis of lipids. However, since the 
BF3 catalyst and other acids such as HCl or H2SO4, 

change the conformation of conjugated dienoic fatty 
acids Conjugated Linoleic Acid (CLA) and favors the 
formation of artifacts which may make it difficult for 
chromatographic analysis (Fuentes et al., 2006), this 
method is not recommended for samples of lipids that 
have these special structures, such as milk and dairy 
products and meat from ruminants.  
 The reagents commonly used in the 
transesterification of triacylglycerols by basic catalysis is 
sodium hydroxide (NaOH) or potassium (KOH) in 
methanol (Millinsk et al., 2008; Ichihara and 
Fukubayashi, 2010) and sodium methoxide (NaOCH3) in 
methanol (Millinsk et al., 2008). Transesterification with 
these reagents can be developed at room temperature in a 
short period of time. On the other hand, a disadvantage is 
that they do not convert free fatty acids in FAME, which 
limit its application to oils with high acidity (Simionato 
et al., 2010; Ichihara and Fukubayashi, 2010).  
 The incomplete conversion of lipids in FAME alters 
the composition of fatty acids during esterification and 
formation of compounds that can be identified, wrongly, 
as fatty acids, may also affect the quantification of 
FAME directly (Millinsk et al., 2008).  
 Furthermore, according to Millinsk et al. (2008), the 
method described in ISO 5508, which uses cheaper and less 
toxic reagents such as sodium hydroxide, can be used on 
samples with low acidity, since the possible formation of 
salts, due to the presence of free fatty acids is minimized.  
 As research on Conjugated Linoleic Acid (CLA) and 
other fatty acid conjugates, have become more popular, it 
is essential not to leave missing information on the 
analysis of its composition, due to improper application 
protocol methylation (Li and Watkins, 2001). The CLA 
isomers, occur naturally in food derived from ruminants 
(Sun et al., 2009) being produced as intermediates of the 
biohydrogenation of polyunsaturated fatty acids, 
specifically linolenic (C18: 2 cis-9, cis-12) and α-
linolenic acid (C18: 3 cis-9, cis-12, cis-15) by ruminal 
bacteria (Luna et al., 2008; Fuentes et al., 2006).  
 According Fuentes et al. (2006), methods employing 
the BF3, HCl or H2SO4, by increasing the temperature 
and/or incubation period, favor extensive isomerization 
of conjugated dienes, reducing the isomer trans-10-cis-
12, but increasing the trans-9-trans-trans and 11-trans-
10-12 and contributing to the formation of artifacts that 
may interfere with the chromatographic analysis.  
 Thus, with increasing interest in the cis and trans 
isomers of conjugated fatty acids, where an accurate 
determination of the isomers is desired, the basic 
catalysis, performed at room temperature is considered 
as the most reliable identification of conjugated fatty 
acid isomers, such as CLA, isomers, or do not produce 
artifacts and reduce the loss of short-chain fatty acids 
(Fuentes et al., 2006; Palmiquist and Jenkins, 2003; Li 
and Watkins, 2001).  
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 The reagents commonly used in the 
transesterification of glycerides by basic catalysis is 
sodium hydroxide (NaOH) or potassium (KOH) in 
methanol (Millinsk et al., 2008; Ichihara and 
Fukubayashi, 2010) and sodium methoxide (NaOCH3) in 
methanol (Millinsk et al., 2008). Transesterification with 
these reagents can be developed at room temperature in a 
short period of time. On the other hand, a disadvantage is 
that they do not convert free fatty acids in FAME, which 
limit its application to oils with high acidity (Simionato 
et al., 2010; Ichihara and Fukubayashi, 2010). For the 
analysis of CLA in samples having high levels of free 
fatty acids, Kramer et al. (1997) reported a method using 
acid and base catalysis in sequence. This method resulted 
in less loss of CLA which catalyzed the methylation only 
acid, as well as a full methylation of the free fatty acids.  
 Many studies aimed at evaluating the quality of 
meat from ruminants have used the method described by 
ISO (1978) for the transesterification of fatty acids from 
lipids extracted by cold methods (Fugita et al., 2012; Ito 
et al., 2012; Zawadzki et al., 2011, Valero et al., 2011, 
Ito et al., 2010, Sun et al., 2009; Ducatti et al., 2009, 
Oliveira et al., 2009; Orellana et al., 2009; Polyana et al., 
2009; Maggione et al., 2009, Prado et al., 2009a; 2009b, 
Abrahão et al., 2008, Kazama et al., 2008, Prado et al., 
2008a; 2008b; 2008c; 2008d; Macedo et al., 2008; 
Aricetti et al., 2008), among them, few have worked 
with the identification of different isomers of CLA 
(Oliveira et al., 2009; Prado et al., 2009a; 2009b; 
Aricetti et al., 2008; Prado et al., 2008a). Moreover, Sun 
et al. (2009), did methylation lipids extracted with 
sodium methoxide in methanol and HCl in methanol at 
80°C for 10 minutes, according to the procedure 
described by Sukhija and Palmiquist (1988) and Kramer 
et al. (1967) modified to quantify the isomers of CLA in 
samples of muscle and liver of cattle. 
 In accordance with Li and Watkins (2001), there is 
no single method that works optimally in all situations. 
The researcher must know the nature of the sample and 
select the appropriate method. 

2. CONCLUSION 

 Through knowledge of the nature of the lipids 
samples it is possible to choose the best method of lipid 
extraction and transesterification of FAME. The methods 
used for analyzing the meat of lipids to ruminants are as 
described by Bligh and Dyer (1959) to quantify total 
lipid and the method described by ISO (1978) to the 
transesterify FA. The advantages of these methods are 
related to the use of small volumes of reagents, little 
manipulation and quick analysis and not having to heat 
the reactants. With the increased interest in conjugated 
fatty acid isomers, these methodologies are suitable for 
the analysis of meat does not alter the conformation of 

the isomers found naturally in ruminant products. 
However, as observed in literature, variations in methods 
of extraction of lipids should be thoroughly compared 
with the original methods so to ensure reliable results. 
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