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grade of 8.14% moisture, 20.11% protein, 27.72% lipid and 3.94%
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18:3 n-3. All indices of nutritional quality of lipid fraction assessed
(Hypocholesterolaemic/ hypercholesterolaemic FA ratio, atherogenic
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fraction quality and its inclusion in diet or as an ingredient in food
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1 INTRODUCTION

Chia (Salvia hispanica L.) is an annual herbaceous plant, native to the mountainous areas
of western and central Mexico (Bueno et al., 2010). These seeds were used as food by the pre-
Columbian civilizations of Central America and the indigenous peoples of the southwest of the
continent for hundreds of years. According to Ayerza (1995) the use of chia as a food source for the
Mayan people was a sign of energy, vitality and support. The intake of these seeds is observed in
countries such as Mexico, Colombia and Guatemala (Ayersa and Coates, 2009).

Chia is considered a significant source of lipids, carbohydrates, proteins, minerals and fibre
(Bushway et al., 1981). Tosco (2004) reported that chia seeds have a high content of antioxidants
and contain more omega-3 than flaxseed. The presence of a-linolenic acid (18:3 n-3, ALA) highlights
the use of chia as a functional food and for its use in the formulation of products such as cereal bars,
yoghurts and breads. Rupflin (2011) developed a functional cereal bar based on amaranth, honey,
chia and cashew nuts, and obtained a highly nutritious product.

According to Uribe et al. (2011) the lipid fraction of chia consists of a high content of
polyunsaturated fatty acids: a-linolenic acid (18:3 n-3, ALA) and linoleic acid (18:2 n-6, LA). Omega-3
fatty acids (FA) have positive effects on health and an adequate intake of them, together with n-6
FAs, may reduce the risk of many diseases such as hypertension, diabetes, arthritis, and other
inflammatory disorders and cancers (Simopoulos, 2011).

The polyunsaturated fatty acids (PUFA) participate in lipoprotein metabolism and eicosanoid
synthesis which makes them of particular interest in relation to the prevention and treatment of
various cardiovascular diseases. The administration of PUFA rich oils or their concentrates in humans
has shown beneficial effects on immune function by inhibiting the proliferation of lymphocytes and
antibody production of pro-inflammatory cytokines. Other positive effects resulting from the intake of
PUFA have been observed in certain inflammatory and allergic processes such as atopic eczema,
psoriasis, asthma and rheumatoid arthritis. Positive effects have also been observed for premenstrual
syndrome, diabetes, and certain types of cancer (Jadhav et al., 1996; Jakobsen et al., 2008; Gogus
& Smith, 2010).

The aims of this study were to determine the chemical composition of chia, to quantify its
fatty acid content by gas chromatography and to determine the nutritional quality of its lipid fraction.

2 MATERIAL AND METHODS

2.1 SAMPLING

Chia samples were obtained from three different producers in the state of Rio Grande do
Sul, Brazil, between the months of January to June, 2011. The seeds were ground, packed into
polyethylene bags and stored at -18°C until further analyses could be performed. The analyses were
carried out in quadruplicate and the results were expressed as the mean, and standard deviation.

2.2 DETERMINATION OF CHEMICAL COMPOSITION

Moisture, protein (N x 6.25) and ash content were determined according to Cunnif (1998)
procedures. Carbohydrate content was determined as the remaining percent weight according to the
formula: [100 — (moisture + ash + crude fat + crude protein)]. Total lipids were extracted according
to the method of Bligh & Dyer (1959) using chloroform, methanol and water in the ratio (2:2:1) as
solvent. The lipid content was obtained by gravimetric analysis.
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2.3 FATTY ACID (FA) COMPOSITION

The FA composition consisted of the conversion of lipids into FA methyl esters (FAME), using
the methylation method described in Hartman and Lago (1973), modified by Maia and Rodriguez-
Amaya (1993). The FAME were separated via gas chromatography (Finnigan, model 9001, USA),
which had a flame ionization detector and a fused silica capillary column (SGE BPX70; 60 m x 0.25
mm x 0.25 mm in 100% bonded cyanopropyl). The rate of flow of the gases used was 1.2 mL min™" of
H, as the carrier gas, 30 mL min™" for N, as the auxiliary gas and 35 and 350 mL min”, respectively,
for H, and synthetic air to the flame. The injector and detector temperature was 250 °C and 235 °C,
respectively. The column was programmed at 185 °C for 10 min, followed by a ramp of 4 °C min-' to
240°C for 1 min. The total time for each test was 24 min and 45 s. Injections of 1 uL for each solution
containing the FAME were carried out in triplicate.

The areas corresponding to the peaks of the chromatograms were obtained by integration
with software Clarity Lite (DataApex, 2.7.03.498, Czech Republic). FAME were identified by
comparison of retention times of the sample constituents with Sigma FAME standards and by spiking.

The fatty acids in mg g'total lipids were quantified in relation to the internal standard, methyl
tricosanoate (23:0), purchased from Sigma, and calculated according to the method of Joseph and
Ackman (1992), using Equation 1:

C(mgg") =AM, T/ (A,,-M,.F) (1)

23:0 °

where:
C: concentration of fatty acid X;
A,: area of FAMEs;

A, internal standard area;

M,, .. internal standard mass added to the sample (mg);

M,: sample mass (g);

TRF: theoretical response factor of FAMEs;

FCT: conversion factor to express the results in mg of fatty acids g™ of total lipids (TL).
FA levels in the samples were analysed by ANOVA and the Tukey test (p<0.05).

2.4 INDICES OF NUTRITIONAL QUALITY OF LIPID FRACTION

A better approach for the nutritional evaluation of fat is the utilization of indices based on the
functional effects of FA, e.g., indices of nutritional quality of lipids. These indices are known as the
hypocholesterolaemic/ hypercholesterolaemic FA ratio (HH), computed according to the knowledge
of the effects of individual FA on cholesterol metabolism (Dietschy, 1998); the atherogenic (Al) and
thrombogenic indices (TI), indicate that C12:0, C14:0 and C16:0 are atherogenic and that C14:0,
C16:0 and C18:0 are thrombogenic (Ulbricht & Southgate, 1991).

The nutritional quality of the lipid fraction from chia seeds was evaluated from the FA
composition data. Equations 2, 3 and 4 were used to determine the Al, Tl and HH ratios.

Al = [(C12:0+(4xC14:0)+C16:0))/ (XMUFA+Xn-6+2n-3) (2)

Tl = (C14:0+C16:0+C18:0)/ [(0.5xZMUFA)+(0.5xZn-6+(3xZn-3)+(Zn-3/Zn-6)] (3)

HH = (C18:1cis-9+C18:2n-6+C20:4n-6+C18:3n-3+C20:5n-3+C22:5n-3+C22:6n-3)/ (C14:0
+16:0) (4)

These indices were analysed by ANOVA and the Tukey test (p<0.05).

3 RESULTS AND DISCUSSION

3.1 CHEMICAL COMPOSITION
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Table 1 shows the averages of results obtained from the chemical composition of the chia
seed samples.

The moisture content found (14.8%) was higher than that cited by Ixtaina et al. (2008) and
Segura-Campos et al. (2013), which was 7.00% and 6.32%, respectively. However, this value is
higher than indicated for preservation and storage of grain, which ranged between 11.00 and 13.00%
(Bala, 1997). It is known that the higher the total lipid content of the grain, the lower the moisture
content should be to prevent damage to seeds in the storage step.

TABLE 1 - CHEMICAL COMPOSITION OF THE CHIA SEED SAMPLES.

Analysed parameters Composition (g 100 g)
Moisture 8.14+£0.76
Ash 3.94 +0.45
Crude protein 20.11 £1.16
Total fat 27.72 £ 2.86
Carbohydrates 40.39 £ 1.60

Values are the mean of four replicates * standard deviation

Segura-Campos et al. (2013), found an ash content of 4.32% in chia, whereas in this study
a content of 3.94% was observed. This content is related to functional and nutritional properties in
food, and is dependent on climatic conditions and soils where the produce was grown, as well as the
method of determination.

The seeds studied showed a 20.11% crude protein content, which was similar to the range
of values found by Weber et al. (1991) and Porras-Loaiza et al. (2014). This value is close to the
crude protein content of golden flaxseed (23.06%) and brown flaxseed (21.94%) (Tarpila et al., 2005)
but higher than that found in amaranth (14.80%) and cereals such as oat (15.30%), wheat and
maize (14.00%), barley (9.20%) and rice (8.50%). Chia comprises all essential amino acids, and
is considered as being an excellent source of bioactive compounds (Segura-Campos et al., 2013).

Total lipids were extracted by the cold method, which is considered fast, accurate, precise,
simple, low-cost, and also reduces exposure of the fatty acids to the oxidation process which is
accelerated by heating (Pérez-Palacios et al., 2008). The content of total lipids was 27.72%, which is
consistent with data found in the literature (25-38%) (Ayerza, 1995). Porras-Loaiza et al. (2014) also
found a fat content ranging from 21.5-32.7% in chia seed grown in Mexico. The yield of total lipids
is directly related to the method used, as demonstrated in the work by Ixtaina et al. (2008) where the
percentages found for the seeds studied ranged from 26.70 to 33.60% and from 20.30 to 24.80%, in
the extraction with n-hexane solvent and pressure, respectively. The use of only non-polar solvent,
such as n-hexane, can lead to greater extraction of total lipids (Tanamati et al., 2005).

The carbohydrate content (40.39%) was higher than reported by Martinez et al. (2012)
(33.40%), but very close to the content of 41.80% reported by Tosco (1994).

According to Regulation (EC) No 258/97 of the European Parliament and of the Council
(2013), the composition of chia seeds should be comprised of 4.00 to 9.00% moisture, 20.00 to
22.00% crude protein, 30.00 to 35.00% lipid and 4.00 to 6.00% ash.

In general, the results obtained about the chemical composition of the chia seeds studied
are consistent with the literature. Small differences can be explained due to genetic diversity, climatic
conditions, soil type and management during cultivation of the samples.

3.2 FATTY ACID (FA) COMPOSITION
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Sixteen fatty acids were quantified in the lipid fraction of chia seeds, as shown in Table 2.

The content of saturated fatty acids (SFA) was 11.12%, and the main acids are palmitic
(16:0) and stearic (18:0), with 68.04 mg g and 27.39 mg g total lipids, respectively.

The amount of monounsaturated fatty acids (MUFA) was 7.40%, highlighting oleic acid
(18:1 n-9), with a concentration of 56.16 mg g'.

The polyunsaturated fatty acids (PUFA) are the most abundant in chia seed (81.48%). The
a-linolenic (18:3 n-3) showed a concentration three times higher than linoleic acid (18:2 n-6). Similar
results were obtained by Martinez et al. (2012) who found 82.50% of PUFA in the lipid fraction of
chia, which was composed of 22.00% linoleic acid (LA) and 60.50% a-linolenic acid (ALA).

TABLE 2 - CONCENTRATION (MG G TOTAL LIPIDS) OF FATTY ACIDS IN CHIA SEEDS.

Fatty acid Concentration (mg g)
C14:0 0.50 + 0.01
C16:0 68.04 + 1.42
C16:1 n-9 0.70 £ 0.01
C16:1 n-7 1.59 £+ 0.01
C18:0 27.39+0.04
C18:1 n-9 56.16 + 0.01
C18:1 n-7 7.52 +0.07
C18:2 n-6 174.13 £ 0.07
C18:3 n-6 2.34+0.15
C18:3n-3 551.02 + 5.90
C20:0 2.88 + 0.04
C20:1 n-9 0.28 +0.01
C20:2 n-6 1.07 £ 0.01
C20:3 n-3 0.39 + 0.01
C20:5n-3 1.01 £ 0.01
C24:0 0.78 £+ 0.01
Parameters

ZSFA 99.59 + 1.42
ZIMUFA 66.25 + 0.07
ZPUFA 729.96 + 5.90
n-6 177.54 £ 0.17
n-3 552.42 + 5.90

Values are the mean of four replicates * standard deviation. SFA: Saturated fatty acids; MUFA:
monounsaturated fatty acids; PUFA: Polyunsaturated fatty acids.

Linoleic acid (LA) and a-linolenic acid (ALA) are both essential fatty acids that cannot be
synthesized by humans and must be supplied with diet (Aranceta & Pérez-Rodrigo, 2012). Essential
FAs act as precursors for the synthesis of more highly unsaturated and longer-chain omega-3 and
omega-6 fatty acids. Omega-3 and n-6 fatty acids are essential components of cell-membrane
phospholipids and they have several other functional roles (Tapiero et al., 2002). Due to the excessive
use of vegetable oil, rich in LA, in the human food chain and also due to reduced intake of fish or
plants (rich in ALA), the ratio between n-6/ n-3 is now unbalanced in most western diets (Blasbalg et
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al., 2011). Thus, chia, due to its fatty acid composition, is an excellent ingredient for use in diet or in
the formulation of new food products, contributing to increases of the intake of 18:3 n-3.

The high content of ALA in chia seeds makes it a potential functional food (Almeida et al.,
2009). The recommended daily intake of this fatty acid is approximately 1.60 g/day for an adult
(Health Canada, 2012). Consumption of 9.50 g of chia seeds supplies the daily requirement of this
fatty acid.

3.3 INDICES OF NUTRITIONAL QUALITY OF LIPID FRACTION

Through the fatty acid composition analysis, it was possible for the nutritional quality of the
lipid fraction of chia to be determined, as shown in Table 3. The concentration of lauric acid (C12:0),
arachidonic acid (C20:4 n-6), docosapentaenoic acid (C22:5 n-3) and docosahexaenoic acid (C22:6
n-3) was considered as zero for calculations of Al and HH, because they were not identified in the
total lipids of chia.

TABLE 3 - INDICES OF THE NUTRITIONAL QUALITY OF
THE LIPID FRACTION IN CHIA SEEDS.

PUFAISFA n-6/n-3 HH Al TI

7.33 0.32 11.41 0.09 0.054

HH: Hypocholesterolaemic/hypercholesterolaemic FA ratio - (C18:1n-9+C18:2n-6+C20:4n-6+-
C18:3n-3+C20:5n-3+C22:5n-3+C22:6n-3) / (C14:0+C16:0). Al: Atherogenicity index - [(C12:0
+ 4xC14:0+C16:0)] / ZAGMI+ 2n-6+2n-3 TI: Thrombogenicity index - (C14:0 + C16:0 +C18:0) /
[(0,5xZAGMI)+(0,5xZn-6)+(3xZn-3)+(Zn-3/n-6)].

The PUFA/SFA and n-6/n-3 ratios of diet or food are important indices for human health.
According to current nutritional recommendations, the PUFA/SFA ratio in human diets should be
above 0.45 (Wood et al., 2004) and, within the PUFA, a ratio of 1:1 to 2:1 n-6/n-3 fatty acids should
be the target ratio for health (Simopoulos, 2011). Lower ratios of PUFA/ SFA in the diet as a whole
may increase the incidence of cardiovascular disease (WHO, 2003). The results for the PUFA/SFA
and n-6/n-3 ratios were 7.33 and 0.32, respectively. These indices evidence the high quality of the
lipid fraction of chia seeds.

The indices of atherogenicity (Al) and thrombogenicity (Tl) indicate the potential for
stimulating platelet aggregation. The smaller the values of Al and Tl are, the larger the amounts
of anti-atherogenic fatty acids present in a certain oil/fat and therefore, the greater the potential for
preventing the development of coronary heart disease. According to Tonial et al. (2011), there are
no recommended values for Al and TI. It is understood that lower values of these indices indicate a
healthier ratio (Fuchs et al., 2013). The HH index considers specific effects of fatty acids on cholesterol
metabolism, and high HH values are desired from a nutritional standpoint (Turan et al., 2007).

The most hypercholesterolaemic saturated fatty acids are myristic (14:0), palmitic (16:0)
and lauric acids (12:0), in decreasing order of activity. Stearic acid (18:0), although saturated, does
not seem to have an effect on blood lipoproteins (Mahan & Escott-Stump, 2005). The concentrations
of these acids in chia seeds were 0.50 mg g (14:0) and 68.04 mg g (16:0), respectively. Lauric acid
was not quantified in the samples.

The HH ratio in chia seeds was 11.41, much higher values than those reported by Ramos
Filho (2008) for fish from the Brazilian Pantanal (1.49-1.84).

The atherogenicity (Al) and thrombogenicity (T1) indices were 0.09 and 0.054, respectively.
These indices suggest that the inclusion of chia in the human diet could prevent the development of
coronary heart diseases.
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4 CONCLUSION

Chia seeds had high protein and lipid content, of which the lipids consisted mainly of ALA.
The PUFA/ SFA, n-6/n-3 and HH ratios and the values of atherogenicity (Al) and thrombogenicity
(T1) indices show chia to be nutritionally favourable. These results confirm that chia can be employed
directly in the diet, as well as in the formulation of new products, contributing to the improvement of
the nutritional quality index of the lipid fraction of the population’s diet.

SEMENTES DE CHIA (SALVIA HISPANICA L.): COMPOSIGAO EM ACIDOS GRAXOS,
PROXIMAL E QUALIDADE NUTRICIONAL DE SUA FRAGAO LIPIDICA.

RESUMO

Chia é uma boa fonte de fibras, proteinas, antioxidantes, sendo também rica em acidos
graxos poli-insaturados, particularmente o acido linolénico (18:3 n-3). Essa é a razao pelo interesse
crescente no estudo da composigédo quimica e qualidade nutricional dessa semente, que pode ser
incluida na dieta ou utilizada como ingrediente em novas formulag¢des. O objetivo deste estudo foi
determinar a composi¢cdo quimica e em acidos graxos de amostras de chia comercializadas no
Brasil e avaliar os indices de qualidade nutricional de sua fragao lipidica. Com relagdo a composigéo
encontraram-se valores médios de umidade de 8,14%, 20,11% de proteinas, 27,72% de lipidios
totais e 3,94% de cinzas. Dezesseis acidos graxos foram quantificados, destacando a prevaléncia
de acidos graxos poli-insaturados, principalmente 18:3 n-3. Todos os indices de qualidade nutricional
analisados (Raz&o entre acidos graxos hipocolesterolémicos/ hipercolesterolémicos, indice de
aterogenicidade e indice de trombogenicidade) indicam que a chia € um alimento com excelente
qualidade lipidica e sua inclusédo na dieta ou como um ingrediente em formulagdes alimentares pode
ser uma aliada na redugao de problemas cardiovasculares.

PALAVRAS-CHAVE: ACIDO GRAXO; INDICE ATEROGENICO; INDICE TROMBOGENICO; RELACAO
FA HIPOCOLESTEROLEMICA / HIPERCOLESTEROLEMICA.
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