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ABSTRACT 

This study validated different extraction methodologies and compared the quantification of cholesterol by gas chroma- 
tography (GC) and high performance liquid chromatography (HPLC) in mg per 100 g of Italian-type salami and tradi- 
tional bologna. The GC method used was direct saponification of the samples without derivatizations and the HPLC 
method was used to extract of the lipid samples. The GC limits of detection and quantification obtained for cholesterol 
were, respectively, 0.001 and 0.003 mg·g–1. The HPLC values were 0.005 mg·g–1 and 0.016 mg·g–1. The GC recovery 
rate was 97.10 ± 0.13 and that of HPLC was 93.33 ± 0.22. Comparison of the cholesterol quantity found using the two 
chromatographic techniques shows that both are capable of quantifying cholesterol in the foods. With regard to costs, 
analysis time, the cost/benefit relationship was better with gas chromatography than that obtained with high perform- 
ance liquid chromatography. 
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1. Introduction 

It is noteworthy that the word “cholesterol” has great influ- 
ence on the population, probably because it is associated 
with health problems, as an increase in the level of blood 
cholesterol is considered one of the main factors in car- 
diovascular diseases [1]. 

In addition, in Brazil strokes are the principal cause of 
death, followed by acute myocardial infarction [2]. Because 
of this, importance has been placed on raising awareness 
among the population about foods that contain choles- 
terol and the determination of the quantities of choles- 
terol in mg per 100 g of food. 

Cholesterol levels in foods were first determined using 
gravimetric and spectrophotometric analysis. However, 
the values varied greatly, with studies by different authors 
diverging by up to 100%, mostly due to the variety of ana- 
lytical procedures used [3].  

In recent years, however, among all of the quantitative 
techniques for determining cholesterol in food, gas phase 
and liquid phase chromatography stand out and are in 
widespread use, employing a range of detection methods 
[4-10]. 

Among the proposed chromatographic methods for 
determining cholesterol in foods, special attention has 
been given to the methodology of Al-Hasani et al. [11], 
who applied the gas phase technique, and that of Bra- 
gagnolo et al. [12], who used liquid phase chromatogram- 
phy, with sample saponification in both methodologies. 

The studies by Dionisi et al. [13] and Toivo et al. [14] 
compared the sample saponification method with the 
method of lipid extraction followed by saponification and 
found that sample saponification method gave better re- 
sults for determining cholesterol in foods. 

Nevertheless, the objective of this study was to validate 
different extraction methodologies and compare the quan- 
tification of cholesterol in mg per 100 mg of food by gas 
phase and liquid phase chromatography in Italian-type 
salami and traditional bologna. 

2. Experimental 

2.1. Sampling 

The products analysed, Italian-type salami and traditional 
bologna, were acquired from businesses in the city of 
Maringá, Paraná State, Brazil. Three brands of each prod- 
uct were acquired and three batches of each product were  *Corresponding author. 
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analysed individually (n = 9 for each product). The sam- 
ples were ground and homogenised into one mass, vac- 
uum packed, wrapped in aluminium foil, and stored in a 
freezer until submitted to the different analyses. 

2.2. Materials and Methods 

The standards used in the analyses were 99% pure cho- 
lesterol (C3137-Sigma Aldrich, USA), and the internal 
standard, 5α-cholestane (C8003-Sigma Aldrich, USA). 

The method of Al-Hasani et al. [11] AL was applied in 
analyses by gas phase chromatography, both to the product 
and to the lipids extracted using the method proposed by 
Bligh and Dyer [15] BD. 

A Shimadzu gas phase chromatograph with a flame 
ionisation detector, model CGS-14A, was used in the 
analyses, together with a Clarity Lite data processor. A 
Varian capillary column, model CPSil 5 CB (100 % di- 
methylpolysiloxane) with a length of 30 m, internal di-
ameter of 0.25 mm, and film thickness of 0.25 m was used. 
The analyses were carried out with a temperature iso- 
therm for the column oven of 280˚C for 5 min, which was 
defined in tests with standard cholesterol solution and 
5α-cholestane. 

The injector and detector analysis temperature was 
280˚C. The carrier gas used was hydrogen at a constant 
flow rate of 1.0 mL.min–1, with respective hydrogen and 
synthetic air flame gas flow rates of 30 mL.min–1 and 300 
mL.min–1. The analyses were performed by injecting 2 
μL in split mode ratio of 1/33. 

The method proposed by Bragagnolo et al. [12] was 
followed for the high-performance liquid chromatography 
analyses. 

A ThermoScientific liquid phase chromatograph, model 
Finningan Surveyor, was used with an ultraviolet and vi- 
sible range detector and a Chrom Quest data processor, 
with a Waters reversed-phase column, model X Terra 
MS C18, with a length of 25 m, internal diameter of 4.6 
mm, and film thickness of 5 μm. The isocratic mobile 
phase was acetonitrile:isopropanol (70:30) at a flow rate 
of 1.0 mL.min–1. All of the solvents used were filtered 
and degassed by ultrasound before use. The cholesterol 
was detected at 210 nm. 

3. Results and Discussion 

Table 1 shows the mean values for the retention time, the 
standard deviation (S) and the percent coefficient of varia- 
tion (%CV) for the analytes in the prepared standard so- 
lutions. According to Verga et al. [16], the coefficient of 
variation obtained should be less than 5.0%, and that 
obtained was less than 0.4% the GC and less than 0.2% 
in the HPLC, which shows the good instrument repeat- 
ability with regard to the analyte retention time (tr). 

With regard the study of the accuracy of the GC re- 
sponse, the mean rate of the area of the analyte peak to 
the area of the internal standards peak was calculated 
from the analytical curve for the solutions. The values 
obtained for the coefficient of variation in the study of 
the areas for the analytes in the five concentrations were 
below 3%. 

For the HPLC, the coefficient of variation obtained for 
the mean area of the cholesterol peak was 2.19%. Values 
of up to 15% for the coefficient of variation are accept- 
able for these studies [17]. 

The limits of detection and quantification were deter- 
mined by statistical calculations, obtained from the linear 
regression curve data, which gave the mean value of the 
correlation coefficients for the GC as 0.9996 and for the 
HPLC as 0.9984. 

The limits of detection and quantification of choles-
terol obtained in the GC were, respectively, 0.001 and 
0.003 mg.g–1. The limit of detection in the HPLC was 
0.005 mg.g–1 and the limit of quantification was 0.016. 

The mean recovery study result in the GC was 97.10 ± 
0.13, while for HPLC it was 93.33 ± 0.22. These results 
are within the permitted limits and similar to those in a 
number of studies [18,19]. 

The cholesterol analyses were performed on both the 
homogenised sample and the sample lipid extract obtained 
by the Bligh and Dyer [15], BD, methodology. The re- 
sults are given in Table 2 in mg per 100 g of food. 

 
Table 1. Retention time repeatability of GC and HPLC. 

Substance tr (mean vaue)a Sb %CVc 

5α-Cholestane 2.592 0.009 0.35 

Cholesterol (GC) 3.637 0.013 0.36 

Cholesterol (HPLC) 10.957 0.012 0.109 

aValues obtained from five determinations; bEstimated Standard Deviation; 
cPercent coefficient of variation. 

 
Table 2. Quantification of cholesterol in three different brands 
of bologna and salami. 

 Cholesterol (mg·100g·food–1) Processed 
meat Brand Product Lipids 

1 42.353a ± 0.7042 33.882f ± 0.7042 

2 40.663b ± 0.6331 31.692g ± 0.7042 Bologna 

3 40.789b ± 0.5422 32.618h ± 0.6042 

1 54.060c ± 0.7042 43.248i ± 0.76912

2 65.707d ± 0.6331 52.566j ± 0.70401Salami 

3 62.071e ± 0.5422 49.656k ± 0.6833 

*Results expressed as Mean Standard Deviation for triplicate analyses of 
three different batches (n = 9). Identical letters do not present significant 
differences to a level of 5% confidence in the Tukey’s test. 
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Table 2 shows differences for the values for choles- 
terol in the salami sample and the lipid extract when 
analysed by the SAEG software, in which the Anova test 
(Tukey test, p < 0.05) is applied. The same is true when 
the results for the different brands and the results for the 
same brand submitted to different extraction methods are 
compared. The values for cholesterol in the lipids were 
lower than those of the direct analyses of the homoge- 
nised products. 

The mean values for total lipids obtained by BD were 
approximately 25% for Italian-type salami and to 17% 
for traditional bologna. Brazilian legislation allows total 
lipid values of up to 35% for salami and 30% for bologna 
[20]. It can be seen from correlating the percentage of 
total lipids in the different products with the quantities of 
cholesterol present that these parameters correlate. 

The relationship between the levels of lipid and cho- 
lesterol has been of great scientific interest for decades, 
and has been repeatedly studied and analysed. The dis- 
cussion becomes more interesting still when intact mus- 
cles are studied, rather than processed meat products, be- 
cause it is possible to change the lipid level artificially 
during preparation without changing the cholesterol level 
[21]. 

Few comparative studies have quantified the choles- 
terol in meat derivatives. In this study, direct saponifica- 
tion after BD differed significantly from direct saponifi- 
cation alone. In a study of eggs, Beyer et al. [22] found 
no significant difference between direct saponification 
and saponification after Folch et al. [23] FO. 

In addition, Fenton [24] described the great variety of 
methodologies applicable to the extraction of total lipids 
from processed foods and observed that the FO method- 
ology obtained higher values than other proposed meth- 
ods. The FO and BD methodologies are similar in that 
they both use chloroform and methanol, but in lower 
amounts and with more water in the subsequent extrac- 
tion steps in BD. 

The extraction residue of the BD methodology was 
submitted to the AL methodology and cholesterol, which 
had previously been ignored, was then detected and quan- 
tified. The results suggest that there is residual cholesterol 
of about 10% of the amount obtained when the AL 
method is applied directly to the homogenised product. 

In addition, studies by Fenton [24], Fenton and Sim 
[25], Alonso et al. [26], and Bragagnolo et al. [12] sug- 
gested that saponification be applied directly to products 
of animal origin, for reasons of convenience. 

With regard to the determinations made for the differ- 
ent salami products, the cholesterol levels varied from 
54.060 to 65.707 mg·100·g–1, these values being lower 
than the 89 mg·100·g–1 of the USDA [27] and the study 
by Lercker and Rodriguez-Estrada [28], which varied 
from 100 to 300 mg·100·g–1 of salami. 

However, in the study by Baggio and Bragagnolo [29] 
of salamis produced in Brazil, the values of cholesterol 
varied from 52.4 to 65.5 mg·100·g–1 of food, these results 
being closer to those of the present study. 

With regard to the nutritional food labels, cholesterol 
quantity information is not compulsory under Resolution 
RDC No. 360 from Anvisa, the national health surveil- 
lance agency [30]. However, the label of one of the sa- 
lami brands acquired indicated 24 mg of cholesterol per 
40 g of product, that is, 60 mg·100·g–1 of salami. It is 
important to note that three different batches of this brand 
were obtained and in all of the batches, the label quantity 
of cholesterol was the same and close to the values ob- 
tained in this study. 

The sample lipid extracts were obtained using the BD 
methodology for evaluating whether the cholesterol quan- 
tification results from the lipid extract were better than 
those obtained from the product. 

As described above, the results obtained for the lipid 
extract were lower than those obtained for the products 
(Table 2). Some studies [25,31] investigated the direct 
saponification and saponification after lipid extraction 
using different proposed methodologies, the obtained re- 
sults not showing significant difference between the two 
methods. 

In this study, lipid extracts were obtained using the 
method proposed by BD with the intention of obtaining 
representative results while consuming less reagents. The 
results (Table 2) show that the method could not detect 
insignificant differences between the different method- 
ologies proposed for quantifying the cholesterol, making 
the results obtained from the lipid extract unsatisfactory. 

Hence, analysis by direct saponification is preferable, 
since it reduces the number of process steps and, conse-
quently, the probability of errors. In addition, the potential 
for automation increases as the complexity of the process 
decreases. 

Furthermore, it was found that salami has a greater 
quantity of cholesterol per 100 g than bologna. These re- 
sults were expected, since salami has a greater quantity of 
lipids than bologna. 

For bologna, there was no significant difference for the 
cholesterol obtained in the product analysis for brands 2 
and 3 when statistical analysis was applied. However, 
differences can be seen when the Anova statistical test is 
applied to the different brands in the analysis of the lipids. 

There was no significant difference in the statistical 
analysis of cholesterol levels in two samples of bologna, 
being between 40.663 and 40.789 mg·100·g–1. Only brand 
1 showed significant difference when the Anova test was 
applied, with cholesterol values of 42.353 mg·100·g–1 of 
food. 

The intra-brand variation for the same product may be 
related to the race, sex, age and diet of the slaughtered 
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animals, as well as the recipe ingredients and the quality 
and composition of the raw materials (meat and by-prod- 
ucts) used [4]. 

Higher values of cholesterol, 56 mg·100·g–1 are found 
in bologna in the study of Novelli et al. [32] which have 
values between 52.11 and 138 mg·100·g–1. However, in 
the study conducted by Baggio and Bragagnolo [12], the 
quantity of cholesterol obtained in Brazilian bologna was 
between 39.4 and 49.8 mg·100·g–1 of product. 

Nevertheless, in accordance with the FDA, the foods, 
salami and bologna, investigated in this study can be con- 
sidered to be “high cholesterol” foods, as they have more 
than 25 mg of cholesterol per serving [33]. 

The means and standard deviations determined using 
the BG methodology are given in Table 3. In this meth- 
odology, like that proposed by AL, direct saponification 
is applied. Various studies using direct saponification re- 
vealed higher recovery and accuracy than those obtained 
with lipid extraction followed by saponification [6,22,25, 
34]. 

In general, the quantity of cholesterol was higher in 
salami than in bologna, which is attributable to the dif- 
ferent recipes of these processed meats. The sample re- 
sults obtained by the AL methodologies by gas chroma- 
tography and those determined by the BG methodology 
with HPLC are equivalent, with no significant difference 
when the Anova test is applied (p < 0.05). This was ex- 
pected from the good validation results given by both 
methodologies obtained at the beginning of the study.  

While effective, the chromatography methods are costly. 
Comparing the chromatographic instruments used in this 
study shows that the chromatographic run with the GC is 
approximately three times faster than that with the HPLC. 

With regard to the costs of the mobile phase, that for 
the HPLC, which requires adequate preparation to use 
the instrument (filters, degassing, and labour), was higher 
than that for the GC in this study. 

 
Table 3. Quantification of cholesterol by HPLC, with the 
BG methodology, and GC by AL. 

 Cholesterol (mg·100g·food–1) 
Processed 

meat 
Brand HPLC GC 

1 40.956 ± 0.7463 42.353 ± 0.7042 

2 39.629 ± 0.5843 40.663 ± 0.6331 Bologna 

3 41.828 ± 0.6632 40.789 ± 0.5422 

1 56.764 ± 0.7120 54.060 ± 0.7042 

2 63.783 ± 0.6221 65.707 ± 0.6331 Salami 

3 64.002 ± 0.6401 62.071 ± 0.5422 

*Results expressed as Mean Standard Deviation for analyses in triplicate of 
three different batches (n = 9). Identical letters do not present significant 
differences to a level of 5% confidence in the Tukey’s test. 

The AL extraction methodology applied in the GC 
analyses required longer handling time on the part of the 
analyst than that required in the analyses using the HPLC 
method developed by BG. An advantage of the BG meth- 
odology is its ability to quantify both cholesterol and its 
oxides, leading to its use when determining cholesterol in 
foods, due to its relatively low temperatures (30˚C), which 
prevents cholesterol oxidation. 

HPLC with ultraviolet range detector has limited ap- 
plication in the analysis of lipids, as some compounds do 
not absorb ultraviolet light. However, the presence of un- 
saturations and polar groups on the lipid molecules makes 
it possible to analyse cholesterol and its oxides [35]. 

4. Conclusion 

The extraction of the cholesterol in meat products in this 
study led to good results, using either gas phase or liquid 
phase chromatography instruments. The GC and HPLC 
methodologies were satisfactorily validated, giving val-
ues validated by the literature for the extraction of the 
cholesterol in Italian-type salami and traditional bologna. 
The cholesterol values in the GC obtained from the lipids 
extracted by BD were lower than the values obtained by 
the direct analysis of the homogenised products, as 
shown by extracting the cholesterol in the residue of the 
product mass from the BD methodology. GC is compara-
tively a more practical choice with regard to the instru-
ment operation, the chromatographic run speed, and the 
costs, whereas HPLC is the best option to simultaneously 
quantify cholesterol and its oxides. 
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