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Abstract

Background: One of the main nutritionally important food compositions is fat and fatty acid. High levels of some fats leave irre-
versible effects on community health in the long term. The present study was conducted to determine the amount of fatty acids in
meat products.
Methods: In the present cross-sectional study, eight types of meat products available on the market were investigated because of
their importance, including kebab, hamburger, sausage, red meat, chicken and canned tuna. For the greater accuracy of the results,
three fresh samples were prepared from each product and tests were repeated. Fatty acids were extracted from oils by Folch method,
and purified following extraction and methylation by AOCS method. Samples obtained were analyzed in a gas chromatography
device.
Results: The most frequent saturated fatty acids were palmitic and stearic acids in burgers, and palmitic and caproic acids in salami
and canned tuna. The most frequent trans-fatty acid (elaidic acid) was found in burgers (15.98±4.69 %). The most frequent saturated
fatty acid (SFA) was found in burgers with 62%, which was significantly higher than canned tuna and salami (P = 0.012). The highest
level of PUFA was observed in canned tuna (28.6%) and the lowest in burgers (4.6%) (P < 0.001). The ratio of PUFA/MUFA varied from
0.15% in burgers to 1.08% in canned fish (P < 0.001). The ratio of PUFA/SFA was favorable in salami and tuna, but low in burgers
(0.07%). The ratios of PUFA/MUFA and PUFA/SFA were different in three groups of protein content foods (P < 0.05).
Conclusions: The study revealed that burgers contained higher SFA and TFA levels and lower and PUFA/SFA ratio compare to other
studied food groups. Including fatty acids content mainly TFA and SFAs on food labeling highly recommended to improve public
nutritional knowledge for choosing safe foods.
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1. Background

Cardiovascular diseases (CVDs) are the leading cause of
mortality in the world, and their modifiable risk factors
include the lack of regular exercise, unhealthy diet, and
smoking (1). There is evidence that increased intake of di-
etary fat, especially saturated fatty acids (SFA) increases the
risk of CVDs through increased LDL (2, 3). Excessive intake
of trans-fatty acids (TFA), more than 4% to 6% of total en-
ergy intake increases LDL-C and reduces HDL-C (4).

A meta-analysis estimated that that an isocaloric sub-
stitution of 2% of the total energy intake (E%) of carbohy-
drates with TFA corresponds to a 23% increase in the risk of

CVDs (5).

Fat and its building block, fatty acid, are a vital
macronutrient (6). Fatty acids have key metabolic roles
in the body. PUFA, especially omega 3 and 6 series are
very important for biological activities and human health
(7). Although humans cannot synthesize any of PUFAs’
omega 3 and 6, they become unsaturated and elongated in
the human body, consequently, omega 6 turns to arachi-
donic acid and omega 3 becomes EPA and DHA, and thus
they have been introduced as EFA (8). EPA and DHA have
been known as protective factors against heart attacks, de-
pression, cancer, and anti-inflammatory in patients with
rheumatoid arthritis (9). Type and amount of fatty acids
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in foods are associated with people’s health. In developed
countries, CVD and cancer have been found to be associ-
ated with the amount of SFAs in foods (10).

In the process of hydrogenation of PUFAs, TFAs are satu-
rated by addition of hydrogen to their unsaturated bonds,
and as a result, oil is converted into fat to be more stable
(11). Natural carbon-hydrogen bonds are in Cis state (two
hydrogen atoms on the same side of a double-bond), but
during hydrogenation, some remain in Cis state and some
in trans state (one hydrogen atom on the opposite side of
a double-bond) (8). Many researchers have now realized
that TFAs are an increasing risk factor for CVD and cancer
through changing the amount and type of LDL and HDL
(11).

Palmitic, stearic, and myristic acids are the most com-
mon SFAs found in foods composed of meat and dairy
products, and processed foods (12). Because of containing
more than 50% of saturated bonds, palm oil can increase
total cholesterol and LDL-C, and eventually cause coronary
artery obstruction, yet because of cost-effectiveness, it is
used in many food products such as meat, milk, yoghurt,
and various cookies and pastries (13). A study conducted
in 2009 in Iran showed that the most frequent TFA found
in sausage, salami, and hamburger is elaidic acid, and the
most frequent unsaturated fatty acids are cisoleic acid and
linoleic acid (14). Another study reported linoleic acid as
the most frequent fatty acid in sausage (15). No comprehen-
sive study has yet been conducted in Iran on the spread of
fatty acids in various processed meats. Given the above, as-
sessment of these fatty acids in food products is necessary.
Thus the present study was conducted in the city of Ker-
manshah to analyze and determine the credibility of pro-
cessed meat products based on fatty acids.

2. Methods

2.1. Samples

In the present cross-sectional study, eight types of meat
products available in the market were investigated, includ-
ing kebab, hamburger, sausage, meat ham and chicken
ham, meat cocktail and canned tuna. These products were
categorized in three groups of burgers, salami, and tuna.
Three brands from each group and three samples from
each brand were purchased from shops across Kerman-
shah. A total of 216 samples were assessed (for greater ac-
curacy, three samples of fat were taken from each product
and their fatty acids were extracted).

Samples were selected from different producers with
different production dates. Laboratory materials were pro-

cured considering their production and expiry dates, and
samples were transferred to the laboratory in appropriate
temperature and humidity, and kept at the right condi-
tions until test. The packaged products were fully intact
and in perfect condition, with at least one week left to their
expiry date. All purchased products were produced in Iran.
The brand names are kept confidential.

2.2. Chemicals

Various chemicals were used in the present study, in-
cluding chloroform solution, methanol, distilled water, ni-
trogen gas, hexane, tridecanoic acid, 0.5 molar methanol
NaOH, methanol BF3, saturated NaCl, N-Hexane, and stan-
dard fatty acids for gas chromatography device.

2.3. Extraction of Fat from Food Products

The samples’ fat was extracted according to Folch
method (16, 17), such that 8 cc of chloroform solution and
methanol at 1:2 ratio was added to 0.5 g of samples, and vor-
texed for 30 seconds. Distilled water was added to the solu-
tion at an amount of one fifth of the solution in each test
tube. After centrifuging for three minutes at 4000 rpm,
two phases were formed. The supernatant containing wa-
ter and lipid impurities was discarded, and distilled water
was added to each tube at an amount of one fifth of the
volume again, and centrifuged, and supernatant was com-
pletely isolated and discarded. The resulting solution was
dried in a hot water bath at 40°C under nitrogen stream.
One cc hexane was added, and then the solution was trans-
ferred to a screw cap tube and kept frozen.

2.4. Derivation

Derivation was carried out according to AOCS method.
First, 10 cc of encoded fats were poured into test tubes (10
cc from each sample), and 50 µL of C13 internal standard
containing 5 mg of tridecanoid acid were added. To each
sample, 2 cc of 0.5 molar methanol NaOH was added and af-
ter 30 seconds of being vortexed, the sample was placed in
hot water bath at 100°C. Once cooled, 2 cc of 14% methanol
BF3 was added, and after 30 second of being vortexed, it was
placed in hot water bath at 100°C again. To the cooled solu-
tion, 4 cc of saturated NaCl and 2 cc of N-hexane were added
and then centrifuged at 4000 rpm for one minute. The su-
pernatant was removed, and the solution was placed in hot
water bath to dry under nitrogen stream (18).
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2.5. Analysis of Fatty Acids

After derivation, the amount of fatty acids in extracted
fats was determined by a gas chromatograph (Varian GC-
4500) equipped with flame ionization detector and a CP-
Sil 88 capillary column (100 m, 0.25 mm, 0.2µm). The split
ratio was 1:100.

Injector and detector temperatures were 270°C and
300°C, respectively. The following temperature program
was set: 50°C for 1 min, followed from 50 to 175°C at
25°C/min, and stay at the temperature for 1 min, and fol-
lowed from 175 to 220°C at 4°C/min, and finally 220°C for 7
min. Nitrogen gas with 99.99% purity and flow of 1 mL/min
was used as the carrier gas. Reliability of this method has
been confirmed in previous studies (19, 20).

2.6. Statistical Analysis

Data were analyzed in SPSS V. 21 (IBM Corporation, New
York, USA). First, normal distribution of data was assessed
by K-S test. Then, normal data were analyzed using para-
metric test of one-way variance analysis, and non-normal
data using non-parametric test of Kruskal-Wallis. P < 0.05
was considered significant for all tests.

3. Results

Using gas chromatography, 11 types of fatty acids in
meat products in the market in Iran including burgers,
salami, and canned tuna fish were assessed Figure 1. Gen-
erally, mean amount of fats was higher in burgers than
that in canned tuna or salami. The most frequent fatty
acids found in burgers were palmitic acid with mean 26.38
± 16.12 percent and oleic acid with mean 25.48 ± 15.91
percent. In salami, the fatty acid was oleic acid with
mean 33.64 ± 38.17 percent. In canned tuna, the most
frequent fatty acids were oleic acid 27.44 ± 36.28 percent
and linoleic acid 23.73 ± 21.77 percent. The most frequent
trans fatty acid (elaidic acid) was found in burgers (4.69
± 15.98 percent) followed by salami (0.35 ± 0.08 percent)
and canned tuna (0.19 ± 0.15 percent). Mean percentage
of caproic, lauric, myristic, palmitic, stearic, and linoleic
acids was different in the three protein food groups (P <
0.05) (Table 1).

The lowest percentage of SFAs was found in canned
tuna (38.84%). The highest amount of MUFA was found
in burgers (30.14%) and the highest PUFA in canned tuna
(28.61%). PUFA/MUFA ratio varied from 0.15% in burgers to
1.08% in canned tuna. The three protein food groups were
statistically different in terms of mean percentage of SFA,
PUFA, PUFA/MUFA and PUFA/SFA (P < 0.05) (Table 2).

4. Discussion

Mean percentage of SFAs in burgers approached 63%,
which was significantly lower in canned tuna and salami.
The highest PUFA was found in canned tuna (28.6%) and
the lowest in burgers (4.6%). All three groups had similar
amounts of MUFA. A study conducted in Spain assessed two
meat products, including dry-cured ham and Cecina, and
reported mean percentage of combined SFA and MUFA 43%
of total fatty acids, and PUFA 14% (21). Another study found
mean percentage of SFA 35% to 40% of total fatty acids in
dry-cured ham, MUFA 45% to 50% and PUFA 10% to 15% (22).
In the present study, oleic acid was the most prevalent fatty
acid in all three groups of meat products, and this has been
reported by most studies conducted to measure fatty acids
in meat products (21, 23). The most frequent SFAs in burg-
ers included palmitic acid and stearic acid. The most fre-
quent SFAs in salami and canned tuna were palmitic acid
and caproic acid. A study conducted by Fernandez et al.
showed that SFAs in sausage samples included 46.5% oleic
acid and 27.5% palmitic acid (21).

The highest amount of MUFA was found in burgers,
with no significant difference with the two other groups.
Research shows that MUFA has a neutral effect on blood
cholesterol, or gradually causes hypocholesteremia, and
although does not reduce total cholesterol, reduces LDL
and increases HDL (24, 25). The most frequent PUFA found
in meat products was linoleic acid (23.7%). PUFA was sig-
nificantly different in three groups (P < 0.001), and the
highest in canned tuna (28.6%). A similar study reported
Linoleic acid (14%) as the highest PUFA (18), which suggests
high levels of PUFA in the present study. Today, nutrition-
ists rather focus on PUFA/SFA balance than absolute PUFA
or every single fatty acid. PUFA-rich regimens reduce blood
LDL cholesterol, while SFA has different effects. Therefore,
for a healthy diet, PUFA/SFA > 0.4 is recommended (26),
and in the present study, this ratio was favorable in salami
and canned tuna, but low in burgers.

Trans-fatty acids in processed foods increase the for-
mation of cholesterol-rich LDL particles and reduce con-
centration of HDL, leading to increased risk of CVDs (27).
An interventional study showed that TFA increases CVDs
by increasing dyslipidemia, moreover, TFA has a greater
effect on cholesterol in older obese people compared to
normal-weighing young people (28). It is estimated that re-
placement of 1% of TFA by SFA, MUFA, and PUFA increases
TC/HDL-C ratio by 0.031, 0.054, and 0.067, respectively (29).
In the present study, trans-fatty acid in burgers was high,
which requires greater attention in production stage of
these products.
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Figure 1. Fatty acids on samples by gas chromatography with flame ionization detector in Burgers, Salami and Tuna

Evidence shows that the fat content of food has a ma-
jor role in the prevention and treatment of a number of
chronic diseases, especially CVDs. Thus, optimal intake of
all SFAs and non-SFAs has been recommended by nutri-
tion organizations including WHO. The amount of fat in
food should be between 15% and 30% of total dietary en-
ergy; SFA should not exceed 10%, non-SFA (PUFA) between
6% and 10%, non-FASs (MUFA) 10% to 15%, and trans-fatty

acids less than 1% (12, 26). The present and other studies
conducted in Iran have revealed high levels of fatty acids in
meat products (30, 31). These meat products are currently
very popular because they can be prepared very quickly
and are suitable for families who have no time to prepare
home-made foods. Besides, these products are very popu-
lar among children and adolescents. Therefore, it is essen-
tial that greater attention be paid to preparation and for-
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Table 1. Fatty Acid Profile (Mean of Percentage of Total Fatty Acids) in the Three Protein Products

Fatty acids Burgersa Salamia Tunaa P Value

Caproic (C6) 6.01 ± 10.53 12.88 ± 17.32 16.02 ± 10.75 0.025b

Caprylic (C8) 0.89 ± 1.54 0.98 ± 2.28 1.36 ± 2.71 0.833b

Capric (C10) 2.88 ± 1.84 4.90 ± 2.74 3.01 ± 0.25 0.212c

Lauric (C12) 1.72 ± 3.26 1.98 ± 0.45 1.27 ± 0.061 0.006c

Myristic (C14) 3.79 ± 2.25 2.34 ± 1.16 1.48 ± 1.26 < 0.001c

Palmitic (C16) 26.38 ± 16.12 18.64 ± 12.56 13.86 ± 13.044 < 0.001b

Stearic (C18) 23.56 ± 27.31 7.16 ± 4.91 6.73 ± 6.12 0.001c

Elaidic (C18:1trans) 4.69 ± 15.98 0.35 ± 0.08 0.19 ± 0.15 0.319c

Oleic (C18:1cis) 25.48 ± 15.91 33.64 ± 38.17 27.44 ± 36.28 0.731b

Linoleic (C18:2n6) 2.24 ± 1.71 13.83 ± 15.59 23.73 ± 21.77 < 0.001b

Linolenic(C18:3n3) 2.31 ± 3.49 3.26 ± 4.69 4.881 ± 7.54 0.243b

aValues are expressed as mean ± SD.
bUsing the ANOVA test.
cUsing the Kruskal-Wallis test.

Table 2. Content of Saturated and Unsaturated Fatty Acids in the Three Protein Products

SFAa MUFAa PUFAa PUFA/MUFA PUFA/SFA

Meat Products

Burgers 62.64 ± 60.53 30.14 ± 28.10 4.62 ± 4.35 0.15 0.07

Salami 43.38 ± 33.15 28.32 ± 20.14 17.09 ± 12.69 0.60 0.39

Tuna 38.84 ± 23.28 26.29 ± 20.71 28.61 ± 22.00 1.08 0.73

P valueb 0.012 0.489 < 0.001 < 0.001 0.011

aValues are expressed as mean ± SD.
bUsing the ANOVA test.

mulation of these food products at production stage.
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