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ABSTRACT
Nowadays consumers are more concerned about food 
quality as well as how food is produced. Moreover, consu-
mer demand for more natural, nutritious, safer to eat, and 
environmentally sustainable food has drawn attention to 
alternative breeding systems, such as a free-range system. 
Hens’ eggs represent a rich source of important nutrients, 
including lipids and carotenoids. A detailed characterization 
of the nutritional and lipid profile of free-range chicken eggs 
from family farms was carried out. The chemical composi-
tion of the free-range egg yolks confirmed the advantages 
of this farming system, as a relevant source of unsaturated 
fatty acids and carotenoids, functional compounds in the 
human diet. These findings can help improve income ge-
neration, food supplementation, and consolidation of the 
family farming system.
Keywords: Carotenoids; Cholesterol; Fatty acids; Free-range 
chicken eggs; Nutritional Quality.

RESUMEN
Cada vez más los consumidores se preocupan por la ca-
lidad de los alimentos, así como tambien de como ellos 
son producidos. Además, la demanda de los consumidores 
por alimentos más naturales, nutritivos, más seguros para 
el consumo y ambientalmente sostenibles ha llamado la 
atención a sistemas de cría de alternativa, como el sistema 
de gallina del campo. Los huevos de gallinas representan una 
fuente rica de sustancias nutritivas importantes, incluyendo 
lípidos y carotenoids. Fue realizada una caracterización 
detallada de los nutrientes y del perfil lipídicos de huevos 
de gallinas del campo de agricultores familiares. La compo-
sición química de yemas de gallinas del campo confirmó las 
ventajas de este sistema de producción, como una fuente 
importante compuestos funcionales como ácidos grasos 
insaturados y carotenoides, en la dieta humana.  Además, 
estos hallados pueden ayudar a mejorar la generación de 
ingreso, la suplementación de alimentos y la consolidación 
de sistema de agricultura familiar.
Palabras clave: Ácidos grasos; Calidad nutricional; Carote-
noides; Colesterol; Huevos de gallinas del campo.

INTRODUCTION
Rapid growth in the population has led to an increase 

in chicken egg consumption, creating greater market 
opportunities for poultry breeding companies. In 2017, Brazil 
produced nearly 39.9 billion eggs, being among the 10 largest 
egg producers in the world1. The prevalent egg production 
system in high-producing countries is the intensive system, 
which uses cages or closed sheds. However, in recent years, 
the abusive use of antibiotics by the poultry industry has 
become an important subject in the public health area, due 
to the emergence of antibiotic-resistant bacteria2. In addition, 
concerns about animal welfare have resulted in changes to 
poultry farming worldwide3,4. In this context, the Food and 
Agriculture Organization – (FAO) has recommended the 
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development of new methods for agricultural production, 
identified as alternative and/or emerging.

The free-range system is extensive, chickens are grown 
in a more natural environment and are exposed to less 
stress than those in intensive breeding systems. They are 
considered rustics, capable of resisting climatic adversities 
which is reflected in lower use of drugs. Thus, this practice 
strengthens the immune system and reduces the risk of 
diseases development.  In this way, it becomes an alternative 
production, especially attractive for small family farmers with 
smaller productive infrastructure. Production systems where 
family farmers are more productive, profitable, resource 
efficient and concerned about the environment has been 
proposed and evaluated5. Besides being an alternative 
source of income, egg production may guarantee food 
security for families from small farmers. In a free-range 
chicken system, layers of grass, herbs, insects that live in 
soil and plants enrich chicken food and they may assimilate 
natural nutrients that influence some egg quality traits6. 

Despite the fact that chicken eggs have been consumed 
worldwide for centuries, the role of eggs in human 
nutrition has changed over the past 50 years, thus they are 
considered a rich source of high-quality protein, vitamins, 
and minerals7. Dietary recommendations to restrict egg 
consumption should be applied with caution and should 
not include all individuals. Healthy populations present 
no risk to develop coronary heart disease by increasing 
cholesterol intake since dietary cholesterol is not the cause 
of high blood cholesterol. On the contrary, there may be 
multiple health benefits due to the inclusion of eggs in the 
regular diet7. In addition, eggs contain less saturated fatty 
acids than other foods of animal origin, and these fatty 
acids have been recognized as strong dietary determinant of 
elevated low-density lipoprotein (LDL) levels and increased 
risk of coronary heart disease, whereas the consumption 
of unsaturated fatty acids is associated with the reduction 
of plasmatic cholesterol8.

Moreover, egg yolk is rich in carotenoids, important 
pigments that affect consumers’ acceptance, with a reddish 
color varying according to chickens’ feed6. Carotenoids 
present many functional properties in health promotion 
and disease prevention in humans9.

ω3 polyunsaturated fatty acids are also relevant nutrients 
in egg yolks and considered essential fatty acids. Studies 
have shown the beneficial effects of these compounds 
as curative and preventive for different types of chronic 
diseases such as cardiovascular and inflammatory diseases 
and cancer10. 

Due to the economic and social importance of 
free-range chicken eggs as a source of income, food 
supplementation, and consolidation of the family farming 
system, this management type has attracted the attention of 
researchers. Thus, this work aimed to evaluate the advantages 
of the free-range chicken system on the nutritional profile, 
considering carotenoids, fatty acids, and the cholesterol 
content of egg yolks.

MATERIALS AND METHODS
Sample collection and preparation

The studied samples were obtained from four family 
properties, in rural settlements in Seropédica, within the 
Metropolitan region of Rio de Janeiro, Brazil (latitude 
22º44’38’’ S, longitude 43°42’27’’ W, and altitude of 26 
meters). The eggs (totaling 80) were inspected for integrity 
immediately after collection, and stored at refrigeration 
temperature (4±0.1 ºC). The eggs from each property were 
separated, the white portions were removed and the yolks 
were homogenized. Their proximate composition, fatty acids, 
cholesterol, and carotenoids contents were determined 
for the yolks only, since this part of the egg is of particular 
interest due to its lipids and carotenoids levels. All analyses 
were performed in triplicate.

Chemicals and reagents
Analytical grade solvents were purchased from Vetec 

(Sao Paulo, SP, Brazil) and Sigma (St. Louis, MO, USA). Fatty 
acids standard mixtures (FAME Mix 37), methyl undecanoate, 
cholesterol, and other standards were purchased from Supelco 
TM (18919, Bellefonte, PA, USA). Standards purity ranged 
from 95% to 99%. HPLC grade n-hexane and 2-propanol 
were purchased from Mscience (Darmstadt, Germany).

Proximate composition analysis
Moisture, ash, and protein content were determined 

according to AOAC11. Total lipids were extracted according 
to the methodology described by Bligh and Dyer12.

The carbohydrate content was determined by NIFEXT 
fraction, according to the following equation13: 

Carbohydrates= 100 - (g moisture + g protein + g fat + g ash)

The caloric value was determined using the Atwater 
factors, multiplying the lipid content by nine, and protein 
and carbohydrates level by four according to the following 
equation14:

Caloric value= 4 x (g protein +g carbohydrate) + 9 x (g lipids)

Total carotenoids
Carotenoid extraction was performed using limited light 

and a controlled temperature to minimize degradation and 
isomerization of carotenoids15. Approximately 3 grams of 
sample were taken from the yolk blend of 12 eggs manually 
homogenized. Acetone was added, and the mixture was 
allowed to stand for 15 minutes in an ultrasound bath 
(E60H, Elma, Germany). Immediately after, the mixture 
was filtered on a vacuum glass funnel with sintered plate. 
The extraction procedure was repeated three or four times 
until the sample did not exhibit the characteristic color of 
carotenoids. Acetone extract was transferred quantitatively 
to a separator funnel containing 50 mL of petroleum ether 
and washed at least three times with 300 mL of ultrapure 
water. The ether extract was filtered through anhydrous 
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sodium sulfate, collected in a 100 mL volumetric flask, 
and the volume was completed with petroleum ether. The 
total carotenoid content of the extracts was determined 
by spectrophotometry at 450 nm (Model NEW 2000, São 
Paulo, Brazil).

Fatty acids determination
Lipids were converted into methyl esters by 

transesterification catalyzed by sodium methoxide according 
to Zhu et al16 with minor modifications. Egg lipids (50 mg) 
were weighed into screw cap test tubes and 1 mL of internal 
standard (2 mg/mL methyl undecanoate in chloroform) was 
added. The derivatization was performed after addition of 
methanolic sodium methoxide solution (2.0 mL; 2.5 mol) and 
the tubes were placed in the ultrasonic bath (E60H, Elma, 
Germany) at 30 ºC and 40 kHz for 10 min. After this, 0.1 mL 
of glacial acetic acid, 1 mL of hexane, and 2.5 mL of saturated 
NaCl solution were added. The tubes were vortexed for 10 min 
and left to rest at room temperature to separate the organic 
phase. The upper phase was transferred into a glass tube, 
and the extraction with 1 mL of hexane was repeated three 
times (total of four extractions). Subsequently, the solution 
was dried in N2 flow and stored at -18 ºC until the analyses 
were performed. Fatty acids were determined using a gas 
chromatograph (Shimadzu GC 2010, Tokio, Japan), equipped 
with a split injector (1:50), a flame ionization detector, and a 
workstation. The chromatographic separation was performed 
in a fused silica CP-SIL 88 capillary column 100 m × 0.25 
mm i.d., 0.20 µm film thickness (Chrompack, Middelburg, 
The Netherlands). The chromatographic conditions were: 
initial temperature, 100 °C (5 min) followed by 5 °C/min 
up to 160 °C (zero time), 8 ºC/min up to 230 °C (12 min); 
injector and detector temperatures were 250 °C and 280 °C, 
respectively. Hydrogen was used as carrier gas at a flow rate 
of 1 mL/min and nitrogen as the make-up gas at 30 mL/min. 
The chromatographic peaks of fatty acid methyl esters of the 
samples were identified by comparison with the retention 
time data of standards.

Cholesterol content
Cholesterol was extracted by direct saponification (250 

mg sample, 10 mL of 2% KOH in ethanolic solution) at 
room temperature for 22 h in the dark17. For the extraction 
of the unsaponifiable matter, 5 mL of distilled water and 
10 mL of hexane were added to the samples, this mixture 
was vortexed and the hexane fraction was separated. This 
extraction procedure was repeated three times (total of 4 
extractions). Subsequently, the solution was dried in a rotary 
evaporator (Tecnalise, São Paulo, SP, Brazil), the residue was 
dissolved in 5 mL of hexane, transferred to a screw top flask, 
dried under nitrogen, diluted with 1 mL of mobile phase, 
filtered through a 22 µm membrane (Millipore, Maryland, 
MD, USA), and injected in the HPLC system according to 
Saldanha et al18. For HPLC, a Waters liquid chromatography 
(Waters, Milford, MA, USA), equipped with on-line PDA 
(Waters 2998) and refractive index (RID-Waters, 2414) 

detectors, a rheodyne injector with a 20 µL loop, a tertiary 
solvent delivery system (Waters 600), an oven heated column 
at 32 ºC±1 ºC (CTO-3840) and software (Empower 2) was 
used. The analytical column was a Nova Pack CN HP 300 
mm, 3.9 mm, and 4 mm (Waters, Milford, MA, USA). The 
mobile-phase was n-hexane: 2-propanol (97:3, v/v) at a 
flow rate of 1 mL/min and analysis time of 30 min. The 
HPLC solvents were filtered through a 22 mm Millipore 
membrane (Bedford, MA, USA) under vacuum prior to use. 
Quantification was done by external standardization, with 
a concentration range from 0.1 to 1.8 mg/mL.

Lipids nutritional quality index (IQN)
Data from the fatty acids composition were used to 

verify the nutritional quality of lipid fraction. Nutritional 
quality was determined by three indices using the following 
equations:
1. Atherogenic index (AI)= [(C12:0 + (4xC14:0) + C16:0)]/

(ΣMUFA+Σω6+ Σω3)19 
2. Thrombogenic index (TI)= [(C14:0 + C16:0 + C18:0)]/

[(0.5x ΣMUFA) + (0.5 x Σω6) +(3 x Σω3) + (Σω3/Σω6))]19

3. Cholesterol index (CI)= [1:01 (g of SFA/100 g of fresh 
matter) –0.5 x (g of PUFA/ 100 g of fresh matter) + 0.06 
x (mg of cholesterol/100 g of fresh matter)]20.

4. Cholesterol-saturated fat index (CSI)= [(1.01×SFA 
(g/100gfw) + 0.05 × cholesterol (mg/100 g fw))]21. 

Statistical analysis
Data were analyzed by ANOVA and Tukey test at 5% 

of significance level to identify significant differences in 
means, using the Origin 8.0 software.

RESULTS AND DISCUSSION
Proximate composition and total carotenoids

Moisture, ash, protein, fat content, total energy value, 
and total carotenoids of free-range eggs from Brazilian family 
farmers are presented in Table 1. 

The proximate composition (g/100g) of the studied 
eggs presented water (moisture) as the major constituent 
(74.85±0.70 to 75.70±0.01). The ash content presented 
values ranging from 1.06±0.01 to 1.40±0.02 g/100g. The 
ash content decreased in the following order: A>C>D>B, 
presenting significant differences among eggs obtained from 
distinct properties (P> 0.05) The protein and fat contents 
varied from 13.26±1.41 to 13.52±1.40 g/100g and from 
9.53±1.53 to 10.00±1.41 g/100g, respectively. The highest 
fat level was determined for property B.  The carbohydrates 
content and total energy value (TEV) varied (P< 0.05) among 
eggs, with a maximum of 5% variation.

These results are in accordance with other authors, 
independent of system production. The proximate composition 
of egg yolks from chicken reared in open condition corresponds 
to 48.45 ± 1.25, 1.12 ± 1.31, 17.27 ± 0.86, 1.28 ± 0.33, and 
31.88 ± 1.06 g/100g for moisture, ash, protein, carbohydrate, 
and fat respectively22. In the cited work, the authors found 
higher values for lipids and lower values for moisture, in 



423

Nutritional quality and functional lipids in the free-range egg yolks of Brazilian family farmers

comparison with the present work. For conventional white 
eggs, Sum23 determined values of 48.54; 16.89 and 32.13 
for moisture, protein, and lipids, respectively.

Carotenoid content (Table 1) ranged from 28.73±0.53 
to 43.96±0.18 µg/g (w.b). The egg samples from property 
C presented higher total carotenoid content (P< 0.05). The 
great difference among the samples regarding carotenoid 
content may be due to the supply of food from each property. 

Islam and Scheweigert24 reported carotenoid levels 
ranging from 13.74±3.66 to 15.22±2.07 µg/g for egg yolks 
of floor chickens, and 11.96±9.95 to 20.53±8.42 µg/g in 
egg yolks from free-range chickens. In accordance with this 
paper, Pintea et al25 evaluated the carotenoid content of egg 
yolks of Isa Brown and Araucana hens grown in free-range 
housing systems, and found carotenoid values of 33.2±0.31 
and 31.7±0.29 µg/g, respectively. The authors identified the 
follow major carotenoids in the eggs: lutein, zeaxanthin, 
β-8`-carotenal, β-cryptoxanthin, and β-carotene.

Different rearing systems produce eggs with distinct 
yolk carotenoid composition because of the differences in 
feed utilization. High concentration of lutein (7.48 µg/g) was 
reported in egg yolk of free-range husbandry, which was 
higher than other husbandry systems, such as barn (5.41 µg/g) 
and caged (4.10 µg/g)26. The contents of different carotenoids 
in the yolk of barn eggs purchased at supermarkets and 
eggs from free-range system were analyzed. According to 
the authors, the yolk of eggs obtained from the free-range 
system exhibited higher values for most of the carotenoids 
studied27. Conventional egg yolks presented carotenoid content 
approximately 10 µg/g28 lower, than the ones determined 
in the present work.

Regarding carotenoid content, eggs are considered 
a functional food, mainly due to the presence of lutein/
zeaxanthin. These carotenoids have been linked to a reduced 
risk of age-related diseases of the eye, cardiovascular diseases, 
Alzheimer’s, and, possibly, some cancers. Functional foods, 
beyond basic nutrition, provide micronutrients with many 

beneficial health effects for human9.
Chickens from family farms of this research were fed 

under free-range conditions, consuming green leafy vegetables, 
fresh and dried fruits, insects, and occasional worms. These 
conditions may explain the variety of carotenoids found in 
this study. 

Fatty acids content
Gas chromatography analysis of the fatty acid methyl 

esters from egg lipids revealed the presence of 20 fatty acids 
(Table 2). Significant differences (P< 0.05) were observed 
among the samples for fatty acids profile, total fatty acids, 
and fatty acid ratios.

The sum fatty acid percentages (g/100g of oil) in the 
egg yolks of the four properties decreased in the order of 
monounsaturated (MUFA) (30.23±0.35 to 34.79±0.30) > 
saturated (SFA) (27.15±0.45 to 32.16±0.37) > polyunsaturated 
(PUFA) (18.47±0.13 to 23.94±0.60) > trans fatty acids (TFA) 
(0.11±0.00 to 0.45±0.06). The main fatty acids identified 
(g/100g) were: oleic (27.43±0.91 to 32.33±0.73), palmitic 
(15.15±1.20 to 17.51±1.01), linoleic (9.27±0.71 to 11.54±0.48), 
stearic (9.03±0.10 to 11.25±0.74), and arachidonic (3.01±0.08 
to 4.46±0.88). Previous works have observed the same fatty 
acids profile6,28,29,30.

The fatty acid profiles of the egg yolks exhibited 
noticeable similarities, however variable proportions of 
monounsaturated (B>A>D>C) and polyunsaturated fatty 
acids (A>D>B>C) were identified, predominantly C18:1ω9 
(B>A>D>C) and C18:2ω6 (A>D>C>B), respectively. Relevant 
contents of the saturated fatty acids C16:0 (C>D>A>B) and 
C18:0 (A>B>C>D) were observed as shown in Table 2. 

In relation to polyunsaturated fatty acids, significant 
percentages were observed in the egg yolk lipids for EPA 
20:5ω3 (1.11±0.07 to 2.17±0.00 g/100g of oil) and DHA 
22:6ω3 (1.74±0.18 to 2.85±0.02 g/100g of oil) (P< 0.05), 
in which the highest values were found in the eggs from 
property B and A, respectively. 

Table 1. Proximate composition and total carotenoids of free-range eggs yolks from family farmer.

Parameters Fresh eggs

 A B C D

Moisture (g/100g) 75.2±0.70b 74.9±0.70b 75.7±0.10a 74.9±2.82b

Ash (g/100g) 1.40±0.02a 1.06±0.01d 1.24±0.03b 1.13±0.01c

Protein (g/100g) 13.9±0.70c 14.1±1.40b 13.6±1.41d 14.4±0.70a

Fat (g/100g) 9.53±1.53b 10.00±1.41a 9.51±1.41b 9.54±1.40b

TEV (Kcal) 141±0.0b 146±0.0a 140±0.0b 144±0.0a

Total carotenoids(µg/g) 29.9±0.26b 29.0±0.70b 44.0±0.18a 28.7±0.53b

All results were expressed (wet basis- w.b.) as mean ± standard deviation (n= 3). Different letters in the same row differ significantly in the Tukey’s test 
(p< 0.05). TEV= total energy value.
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The higher amount of total ω3 in eggs from property 
A was mainly due to the high amount of linoleic C18:3ω3 
(1.92±0.13 g/ 100g of oil) and DHA 22:6 ω3 (2.85±0.02 
g/100g of oil), when compared to the other samples (Table 2). 

Lower EPA and DHA content were determined in 
conventional egg yolks with values ranging from 0 to 0.07 
g/100g and from 0.31 to 0.66 g/100g, respectively29. Wang 
et al30 determined a DHA content of 0.578 g/100g in egg 
yolks from conventional chickens. These results highlight 
functional proprieties of the eggs analyzed in this work. 

Dietary intake of ω3 polyunsaturated fatty acids 
(PUFA) is associated with reduced risk of pathologies 

such as cardiovascular and neurodegenerative diseases. 
Furthermore, eicosapentaenoic acid (EPA, 20:5ω3) and 
docosahexaenoic acid (DHA, 22:6ω3) exhibit potent anti-
inflammatory properties. In this way, both EPA and DHA 
play a remarkable role in human health10.

PUFA/SFA ratio varied significantly in eggs from all 
properties, with maximum of 27%. Higher variations were 
observed in PUFA (22.85%), when compared to saturated fatty 
acids (SFA) (15.58%), with more influence on PUFA/SFA ratio, 
as also observed by other authors. According to the World 
Health Organization (WHO)31, dietary recommendations 
for adults are to limit SFA to 10% and PUFA to 6-10% of 

Table 2. Fatty acid composition of free-range eggs yolks from family farmers (g/100 g of oil; wet basis).

 Family farmers
Fatty acids A B C D

Myristic 14:0 0.49 ±0.10c 0.67±0.02a 0.28±0.07d 0.51±0.04b

Pentadecanoic 15:0 --- 0.39±0.07b --- 0.44±0.19a

Palmitic 16:0 16.2±1.27b 15.15±1.20c 17.51±1.01a 16.39±1.04b
Margaric 17:0 1.4±0.08b 0.93±0.03d 2.87±0.02a 1.10±0.06c

Stearic 18:0 11.3±0.74a 10.01±0.95b 9.39±0.66c 9.03±0.10d

Heneicosanoic 21:0 --- --- 2.11±0.09a ---
ΣSFA 29.4±0.54b 27.15±0.45c 32.16±0.37a 27.47±0.28c

Myristoleic 14:1 ω9 --- 0.27±0.07a --- 0.06±0.00b

Palmitoleic 16:1 ω7 0.55±0.05c 1.22±0.03a 1.05±0.07b 0.46±0.00d

Margaroleic 17:1ω7 0.30±0.01a 0.02±0.00b --- 0.01±0.00b

Eicosenoic 20:1 ω11 0.50±0.07c 0.67±0.04b 0.35±0.06d 0.88±0.00a

Oleic 18:1 ω9cis 30.8±1.45b 32.3±0.73a 27.4±0.91c 30.1±1.00b

Elaidic 18:1 ω9tr 0.45±0.06a 0.28±0.07b --- 0.11±0.00c

Σ MUFA 32.6±0.62b 34.8±0.30a 30.2±0.35d 31.7±0.20c

Linoleic 18:2 ω6 11.5±0.48a 9.27±0.71d 10.1±0.69c 10.9±0.26b

γ-Linolenic 18:3 ω6 0.41±0.03c 0.20±0.01d 0.68±0.06b 0.77±0.05a

α-Linolenic 18:3 ω3 1.92±0.13a 1.60±0.33b --- 1.05±0.02c

Eicosadienoic20:2 ω6 0.60±0.08b 0.96±0.11a 0.55±0.07c 0.31±0.00d

γ-linoleic 20:3 ω6 1.05±0.15b 1.19±0.02a 0.89±0.00c 1.03±0.06b

Arachidonic 20:4 ω6 4.46±0.88a 3.58±0.80b 3.01±0.08d 3.27±0.09c

EPA 20:5 ω3 1.11±0.07c 2.17±0.00a 1.15±0.15c 1.87±0.34b

DHA 22:6 ω3 2.85±0.02a 1.74±0.18d 2.12±0.39c 2.76±0.43b

Σ PUFA 23.9±0.60a 20.7±0.27c 18.5±0.13d 22.0±0.15b

ΣTrans 0.45±0.06a 0.28±0.07b --- 0.11±0.00c

Σ6 18.1±0.32a 15.2±0.33c 15.2±0.18c 16.3±0.09b

Σ3 5.88 ±0.07a 5.51±0.17c 3.27±0.18d 5.68±0.26b

ω3 / ω6 0.32 0.36 0.21 0.35
ω6 / ω3 3.07 2.75 4.65 2.87
PUFA / SFA 0.81 0.59 0.57 0.80

All results were expressed (wet basis- w.b.) as mean ± standard deviation (n= 3). Different letters in the same row differ significantly in the 
Tukey’s test (p< 0.05). ∑SFA (total saturated fatty acids); ∑MUFA (total monounsaturated fatty acids); ∑PUFA (total polyunsaturated fatty 
acids); EPA (eicosapentaenoic acid); DHA (docosahexaenoic acid).
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all energy daily intakes (5-8% from ω6 PUFA and 1-2% 
from ω3 PUFA). Considering WHO31 recommendations, 
the free-range eggs from property A confer greater health 
benefits, because they contain more ω3 (5.88±0.07 g/100g 
of oil) PUFA, with better PUFA/SFA ratio (0.81±1.1). Attia 
et al29 and Wang et al30 reported PUFA/SFA ratio of 0.578 
and 0.474, respectively, for conventional eggs, suggesting 
that the free-range system may improve the polyunsaturated 
profile of egg yolks. 

Polat et al32 found 26 different fatty acids (FA) in eggs (g/ 
100g of oil) from nine poultry species kept in their natural 
environment. Regarding chickens, monounsaturated fatty 
acids (MUFA) were found in higher amounts (39.07±1.40) 
than SFA (29.66±3.26) and PUFA (31.28±3.93) in egg yolks. 
This is in accordance with the present study. Oleic acid 
(C18:1ω9) was the major MUFA and palmitic acid (C16:0) 
was the major SFA in egg. Linoleic (C18:2ω6), arachidonic 
(C20:4ω6), and linolenic acids (C18:3ω3) reached the highest 
contents among the PUFAs. The eggs presented the highest 
ω6 fatty acid (29.8 g/100g of oil), highest PUFA/MUFA ratio 
(0.80), and the lowest of SFA/PUFA ratio (0.97). 

Morais and Magalhães33 investigated the fatty acid 
profile of egg yolks (g/100g of oil) from field chicken 
(Lohmann hy-line), white-shelled eggs (Lohmann hy-line), 
and dark shelled eggs (Lohmann brown) of farm chickens. 
The authors found palmitic (28.3), stearic (14.0), oleic (40.8), 
and linoleic (13.6) as the main fatty acids. These values were 
higher than the values reported in this study, with lower 
values for arachidonic acid only, that varied significantly in 
all properties (A>B>D>C), ranging from 3.01±0.08 g/100g 
to 4.46±0.88 g/100g. 

The trans isomer fatty acid C18:1 ω9 was identified in 
the samples from the properties A, B, and D, and was not 
detected in property C, varying from 0.11±0.00 to 0.45±0.06 
g 100g-1 yolk (P< 0.05). The variation in trans fatty acid 
C18:1ω9 content may be due to the hen’s feed, since the 
impact of trans fatty acid intake is generally undisputed.

The ω3/ω6 ratio of the free-range chicken egg yolk from 
Brazilian family farmers varied from 0.21±0.18 to 0.36±0.51 
(B>D>A>C). Significant differences of the ω6/ω3 ratio (P< 
0.05) were observed among properties (C>A>D>B), which 
ranged from 2.75±0.47 to 4.65±0.18, with satisfactory values 
only in property C, considering the recommendation of 
Simopoulos34, which established an appropriate ω6/ω3 ratio 
of 4. This ω6/ω3 relation is difficult to obtain directly from 
the diet, since it is generally characterized by an excess of 
ω6 fatty acids and a very low contribution of ω3 fatty acids, 
which is finally reflected in many pathologies35.

Higher values were observed by other researchers. 
Attia et al29 determined a ω6/ω3 ratio ranging from 16.43 to 
20.85 for conventional eggs. Cherian et al36 showed that 
the ω6/ω3 ratio was 27.3, 28.9, and 39.2 for regular white-
shelled eggs, certified organic free-range brown eggs, and 
naturally nested uncaged hens fed diets with no steroids 
or stimulants, respectively, proving the influence of diets 
of different systems conditions. 

Besides the relevant content of ω3 fatty acids determined 
in the present work, the fatty acid profile of the studied 
yolks presented many nutritional advantages. Due to the 
PUFA/SFA ratio observed in the samples, the eggs can be 
considered a good source of PUFA (Table 2). Although the 
PUFA/SFA ratio is an important parameter from human 
nutrition point of view, specific saturated and polyunsaturated 
fatty acids have different metabolic effects. 

According to Simopoulos et al34, food with lower 
PUFA/SFA ratio is considered unsuitable for consumption 
because it can induce an increase of blood cholesterol. 
When analyzed alone, this ratio may have some restrictions, 
since it relies only on the fatty acid chemical structure, 
considering that all SFA can induce the increase of blood 
cholesterol, thus ignoring the hypocholesterolemic effects 
of MUFA.

Cholesterol
Table 3 presents the cholesterol contents in free-range 

eggs from Brazilian family farmers. The cholesterol contents 
in egg yolks varied from 338.11±2.97 to 541.87±2.37 
mg/100g in wet basis (B>D>A>C) (P< 0.05).

Rehman37 found a cholesterol content of 152.87 mg/100g 
for egg yolks obtained from White Leghorn chickens 
maintained on a littered floor in an open sided house. A 
content of approximately 2000 mg cholesterol/100g yolk 
was determined in conventional eggs23.

Simčič et al7 studied the cholesterol content of eggs 
produced by the Slovenian autochthonous Styrian hen 
in comparison with eggs of Isa Brown hens, produced in 
two different rearing systems. The eggs from hens crated 
in cages had 131±0.4 mg/100g and 114±0.49 mg/100g of 
yolk for Styrian hens and Isa Brown hens, respectively. 
The cholesterol content in free-range eggs was 136±0.22 
mg/100g for the Styrian hen and 118±0.30 mg/100g of 
yolk for Isa Brown. 

The cholesterol content in eggs may vary with species, 
breed, age, egg and yolk weight, and diet7. In addition, 
system conditions of hen production could influence the 
cholesterol levels in eggs, since, in free-range system, hens 
have access to many different natural materials. 

Table 3. Cholesterol content of egg yolks from Brazilian family farmer.

Sample (n= 4) Cholesterol (mg/100g)

 A 439 ± 2.8c

 B 542 ± 2.4a

 C 338 ± 2.9d

 D 495 ± 3.1b

All results were expressed (wet basis- w.b.) as mean ± standard 
deviation (n= 3). Different letters in the column differ significantly 
in the Tukey’s test (p< 0.05).
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The disparate cholesterol content of eggs could be 
explained by the poultry feed or supplements that affect the 
nutrient profile of eggs. Thus, the eggs from Brazilian family 
famers presented a great potential as a cholesterol source. 
For years, recommendations included a 300 mg/day limit on 
cholesterol intake. However, these recommendations have 
changed since only minimal evidence supports a connection 
between cholesterol intake and cardiovascular disease risk. 
In a healthy population, consuming up to 3 eggs/day results 
in an overall beneficial effect on biomarkers associated with 
cardiovascular diseases risk, as documented by increased 
HDL-c, a reduced LDL-c/HDL-c ratio, and increased plasma 
choline concentrations38.

Indices of nutritional quality of lipids
Table 4 shows another positive characteristic of free-

range eggs from Brazilian family farmers with respect to lipid 
profile. Atherogenic (AI), thrombogenic (TI), and cholesterol 
(CI) indices of lipids from egg yolks differed significantly 
among properties, with values ranging from 0.31±0.01 
to 0.33±0.01; 0.61±0.01 to 0.83±0.01; and 0.21±0.01 to 
0.49±0.01, respectively. Thus significant (P< 0.05) values 
of cholesterol-saturated fat indices (CSI) (17.2±0.01 to 
27.36±0.01) were observed in this study for all properties, 
in the descending order B>D>A>C, respectively.

The results obtained in the present study represent an 
important dietary factor in human health to prevent heart 
disease, considering that lower CSI values indicate lower 
SFA, total cholesterol, and atherogenic properties. The AI, 
TI, CI, and CSI indices in free range eggs of Brazilian family 
farmers presented satisfactory results, which is an important 
parameter of nutritional quality of food.

Higher values were determined for conventional eggs 
in other work. Mugnai et al39 found AI values from 0.39 to 
0.43; and TI values from 0.99 to 1.10, observing higher AI 
and TI values in conventional eggs. These findings agree 
with Sinanoglou et al40, which studied egg-yolk lipids from 
different species (Ostrich, Turkey, Quail, Duck, and Goose). 
Authors observed variation among species for AI and TI 
values. The values varied from 0.46 to 0.55 and from 0.94 
to 1.22 for AI and TI, respectively. CI and CSI, in turn, varied 
from 88.80 to 176.74 and 76.71 to 150.36, respectively.

In work developed by Attia et al29, AI varied from 0.434 
to 0.533 and TI varied from 0.389 to 0.784 in commercial 
eggs. These results obtained for AI of commercial eggs were 
higher than the ones identified in this work, on contrary, 
TI were lower. 

Ulbright and Southgate19 suggested equations for the 
AI and TI, indicating that the fatty acids C12:0, C14:0, and 
C16:0 are atherogenic, and C14:0, C16:0, and C18:0 are 
thorombogenic. According to Simopoulos34, low values are 
desired for both indices, since they indicate better nutritional 
quality of fat for reducing the risk of cardiovascular diseases. 

The implementation of strategies to improve nutritional 
composition and quality of food and animal products has 
recently emerged as an interface of animal and food science 
and human nutrition. This has been used to change the 
composition of the food products to be more consistent 
with nutritional standards. Thus, it is worth mentioning that 
different hen production systems result in positive variations 
in the functional and nutritional composition of eggs, as 
was observed in this work. 

The results obtained for carotenoids and fatty acids 
highlight the nutritional value of the analyzed egg yolks, 
since higher content was observed when comparing with 
previous work with conventional and commercial eggs. 
Many strategies have been applied in order to increase 
these component levels in eggs due to their great benefits 
for human health. Moreover, cholesterol is involved in many 
essential mechanisms in human metabolism and it may not 
be considered a nutrient of concern, thus, the free-range 
chicken eggs are of great interest regarding cholesterol levels. 
Furthermore, lower values for indices of lipid nutritional 
quality obtained in this work, compared with conventional 
eggs, demonstrate the relevance of free-range chicken eggs 
from the nutritional point of view.

CONCLUSION
The effects of free-range system as indicated in the 

present study is useful to add value to eggs produced 
by small family farmers, as they could provide nutritious 
and health-enhancing nutrients to the egg consumer. The 
overall results showed that the eggs were rich in PUFA, 
MUFA, cholesterol, and carotenoids. The polyunsaturated/

Table 4. Atherogenic index (AI), thrombogenic index (TI), cholesterol index (CI), and cholesterol-saturated fat index (CSI) in free range eggs.

Samples AI TI CSI CI

 A 0.32±0.00a 0.64±0.07b 22.2±0.84c 0.42±0.05b

 B 0.31±0.01a 0.61±0.01b 27.4±0.71a 0.49±0.04a

 C 0.33±0.04a 0.83±0.04a 17.2±0.15d 0.42±0.02b

 D 0.32±0.03a 0.62±0.06b 25.0±0.68b 0.21±0.03c

All results were expressed (wet basis- w.b.) as mean ± standard deviation (n= 3). Different letters in the same column differ significantly 
in the Tukey’s test (p< 0.05).
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saturated fatty acids ratio found in this study can be 
considered healthier for human diet, with an appropriate 
ω6/ω3 balance. The cholesterol and lipid content of the egg 
yolks were characterized by lower AI and TI values. The 
good nutritional composition of eggs from Brazilian family 
farmers confirmed the benefits of the free-range system.
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