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Introduction

Changes in human diets throughout time, mainly related 
to dietary fat intake, have become a major interest in nutrition 
research [1]. While plant-based diet has gain recognition for 
its health benefits, meat and meat products are still one of 
the most consumed foods in western countries [2]. Due to 
its high nutritional value, meat plays a central role in human 
development. It is an important source of proteins, minerals, 
and vitamins. Nonetheless, its consumption has been associated 
with degenerative diseases, mostly because of its fat content and 
composition, such as metabolic syndrome, cardiovascular (CVD) 
and neurological diseases, or cancer [3-6].

Although there has been a general recommendation against 
some kinds of dietary fat consumption over the years, there is a 
lack of information regarding the different techniques of breeding 
and feeding animals intended for food that could lead to diverse 
health effects after the consumption of their meat, eggs, or dairy  
products [7]. Multiple studies have shown that meat products  

 
from animals feed pasture instead of grains contain significantly 
higher amounts of health-beneficial nutrients, like omega-3 fatty 
acids [7-9]. 

In the process of obtaining healthier meat products, a number 
of modifications could be made to add, reduce, or increase 
substances with proven biological properties (functional 
ingredients) [10,11]. In this regard, interest in polyunsaturated 
fatty acids (PUFA), such as α-linolenic acid (ALA), has become a 
nutrition research target. However, ALA is not readily available 
as there are few foods that can provide adequate amounts to 
obtain the benefits associated with its consumption [12]. The 
seeds of Salvia hispanica L., commonly known as chia, are one of 
the richest sources of ALA and contain high amounts of fiber and 
minerals [12,13]. Chia seed lipid content varies from 20% to 40%, 
with 60% of total lipids comprising ALA and 20% of linoleic acid 
[11,13]. The extracted oil contains 34/100 g of dietary fiber and 
17/100 g of protein [11]. Chia oil is also rich in magnesium and 
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phenolic compounds (quercetin and kaempferol). As functional 
ingredient, besides its effects associated to PUFA, chia seed has 
proved to be a potent antioxidant [11,14]; and its calcium and 
potassium content suggests positive influence on high blood 
pressure [15].

Chia Effect on Meat Fat Quality 
The use of chia and its derivatives in animal feed has become 

an interesting tool when improving meat products. Besides the 
application of chia in animal targeted for human consumption, 
it had also been used for animal nutrition by itself [16]. There 
are two main eight-week studies carried out in laying hens or 
broiler chickens. The purpose of these studies was to assess 
the effects of Chia on the composition of egg yolk lipids and egg 
acceptability in comparison with other omega-3 sources. In the 
first study, a total of 32 animals received diets with four different 
α-tocopherol contents containing 14.0 % whole Chia seeds 
corresponding to a dose of 16.8 g/day. The control groups were 
fed with isoenergetic diets added with 1.5 % soya oil or 1.5 % 
fish oil. These results proved that the inclusion of Chia seeds in 
the diet reduced the content of C16:0, C18:1 and total n-6 fatty 
acids in eggs whereas the content of total n-3 fatty acids was 
increased. 

There was no adverse effect on egg yolk lipid oxidative 
stability with any of the dietary treatments. In the second study, 
32 hens were fed a diet with 15 % whole Chia seeds corresponding 
to a dose of 18.2g/day. This study demonstrate that Chia seeds 
were more effective in modifying egg yolk fatty acid composition 
compared with the control group that was fed diets with whole 
linseeds or linseed oil. There were no differences in egg quality 
and no adverse effects in the animals [13]. These studies have 
also analyzed the effect of chia supplementation on the fatty acid 
content of breast and thigh muscle of broilers and the sensory 
attributes of these products. The animals received diets with 
10% Chia for 28 days. According to the researchers, deposition 
of linolenic acid was significantly increased in the breast meat 
of birds fed the Chia-supplemented diet compared with control 
animals. There were no significant differences in performance 
and sensory attributes [13].

The studies performed by Ayerza and Coates [5,6,17] 
evaluate the effect of diets containing 7, 14, 21, and 28 % Chia 
seeds in four hundred for 49 days, and fifty laying hens for 90 
days. Cholesterol and total fat content, and yolk fatty acid profile 
were determined. The results proved a significant reduction 
on cholesterol and total saturated fatty acid content as the 
Chia amounts and time of the study increased. The total PUFA 
and omega-3 contents were significantly higher for Chia diets 
when compared with control diet [5]. Cholesterol content was 
not significantly different between chia treatments; however, 
the 10 % Chia diet produced a lower fat content in the dark 
meat when compared to the control diet. Chia also significantly 
reduced the saturated fatty acid content as well as the omega-6: 
omega-3 ratio of the white and dark meats when compared to 

the control diet. The flavor or preference ratings did not present 
any significant differences between groups. Body weight and 
feed conversion were significantly lower with the Chia diets than 
with the control, with weight reductions up to 6.2 % in the 20 
% Chia diet, also manure production was lower for the animals 
fed Chia and a reduction in yolk production was found [6]. No 
significant differences in egg production were found between the 
different treatments. In the 4-week study with 24 laying hens, 
a 30 % Chia content diet did not present significant differences 
when compared to control diet in yolk fat content. The levels of 
palmitic fatty acid in yolks were less with the Chia diet and ALA 
content was higher. Egg production was lower in this groups 
when compared to control, however there was no difference on 
egg weights [17].

The study by Meineri [18] evaluated the effects of Chia seed 
supplementation on rabbit meat quality, oxidative stability 
and sensory traits. The animals were fed isocaloric and 
isonitrogenous enriched diets with 0, 10, and 15% of chia seeds. 
The results shown a complete description of the performance and 
carcass characteristics, and the fatty acid composition of the fat 
of thirty carcasses obtained from three groups of ten crossbred 
rabbits. The authors concluded that chia seed supplementation 
did not cause any adverse effects on meat quality or consumer 
acceptability. Also, that the inclusion of 15% chia seed in the 
rabbit diets increased the lipid oxidation at the ground hind 
leg meat during conservation, mainly due to a concurrent 
enlargement of PUFA [18]. Similar results were obtained by 
Peiretti [19], with 0, 10 and 15% Chia seed-enriched diets fed 
to thirty weaned crossbred rabbits. The results shown that chia 
supplementation is well accepted by animals at levels of up to 15% 
of the diet without any adverse effects on growth performance 
or carcass characteristics. The chia supplementation is effective 
in improving the omega-3 content, decreasing the omega-6/
omega-3 3 ratio and reducing the saturation, atherogenic and 
thrombogenic indexes of the rabbit meat, with resulting benefits 
on its nutritional quality [19].

Urrutia [20] evaluated the effect of chia seed supplementation 
on growth and carcass parameters and fatty acid composition 
in the adipose tissue in lambs. This study was developed with 
thirty-one male Navarra breed lambs and fed one control diet of 
barley and soybean and the 10% chia seed diet for 4 weeks. The 
results showed that supplementing lambs’ diet with chia seed 
had no effect on the growth parameters. Although it increased 
the adipose tissue content of ALA, eicosapentaenoic acid (EPA), 
docosapentaenoic acid (DPA), and total omega-3 fatty acid 
contents; and decreased the omega-6/omega-3 ratio [20].

Although there is a lack of studies evaluating the chia 
supplementation on pig and cattle, there are many other 
evaluating the nutritional and physiological effect of meat 
and meat derivatives containing chia. The rodent studies 
performed by Santos-López [11,21] have demonstrated the 
beneficial effects of chia oil pork-enrichment on lipoprotein 
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metabolism, oxidation and inflammation statuses in the frame 
of an atherogenic diet. These studies stress the importance of 
the omega-3 incorporation into the diet and the positive effect 
when consuming meat derivatives [11,21]. The study performed 
by Adams 22] evaluated the effects human health of high 
saturated fatty acids (SFA) versus high monounsaturated fatty 
acids (MUFA) beef. The SFA beef was produced with grass-fed 
cattle and the MUFA with conventionally fed cows. Then, 10 
mildly hypercholesterolemic subjects were indicating to eat 114 
g beef per week for five weeks. The serum lipids were measured. 
Results showed a significant increase in triglycerides and HDL-
cholesterol in the group that consumed meat from grass-fed 
cows [7,22]. 

McAfee [23] compared grass-fed and grain-fed red meat 
intake on serum omega-3 PUFA and analyzed the produced 
changes in blood lipids. In a double-blind study, 38 healthy 
volunteers were divided into two groups and request to eat 470g 
red meat per week for four weeks. Meat samples were grass fed 
versus conventional. The grass-fed meat group demonstrated 
significant increases in serum DHA, EPA, and total omega-3 
content when compared with the control group [7,23].

Conclusion
Although studies on the bioavailability of essential nutrients 

in Chia have not been fully described and evaluated up to the 
moment of this publication, based on the compositional data 
from all reported studies in animals it could be considered 
that chia seeds are nutritionally valuable under the proposed 
conditions of use. Moreover, the chia-enriched meat and meat 
products have demonstrated a positive effect in the regulation 
of lipid metabolism, and the human trials have proved the 
beneficial effect on lipid composition and lipemia regulation in 
patients with moderately cholesterolemia. 
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