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Effect of chia seeds (Salvia hispanica l.) inclusion in poultry diet on n-3 
enrichment and oxidative status of meat during retail display
Alejandra Terevinto a, Marta del Puerto a, Ayrton da Silva a, María Cristina Cabrera a,b and Ali Saadoun a,b

aDepartamento de Producción Animal & Pasturas, Laboratorio Calidad de Alimentos, Facultad de Agronomía, Universidad de la República, 
Montevideo, Uruguay; bSección Fisiología & Nutrición, Facultad de Ciencias, Universidad de la República, Montevideo, Uruguay

ABSTRACT
The aim of this study was to investigate the oxidative status of poultry breast fillets enriched with 
n-3 from chia seeds, during retail display. Birds were assigned randomly to a control diet (corn-soy), 
or a corn-soy basal diet with 2.5s%, 5% or 10% chia seed. Lipid oxidation (TBARS), protein oxidation 
(carbonyls and total sulfhydryls), color, and heme iron content were measured in fresh breasts and 
after 4 days of display in a refrigerated showcase. Breast fillets from the control group presented 
higher values of b*, Hue angle, and Chroma than the 10% chia group, and no diet effect was 
observed on oxidation parameters. An increase in lipid and protein oxidation and in some of the 
color parameters (b*, Hue angle, and Chroma) were observed after 4 days of display. In conclusion, 
up to 5% chia seed can be included in the poultry diet without negative effects on meat quality.
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Introduction

Several strategies have been tested to improve the nutri
tional profile of meat to address major public health con
cerns (Wood et al., 2004). A human diet, particularly rich in 
n-3, has beneficial effects related to obesity, cardiovascular 
disease, diabetes, and some types of cancer (Pereira da Silva 
et al., 2017). Chicken meat is a source of animal protein 
worldwide used in the human diet (Mendonça et al., 2020) 
and is highly accepted due to its low energetic content and 
high level of polyunsaturated fatty acids (PUFA). The level of 
these unsaturated fatty acids can be increased by incorpor
ating certain ingredients in the diet, like chia seed, which is 
a promising source of n-3 PUFA, especially α-linolenic acid, 
which is converted to long-chain ω-3 fatty acids by desatura
tion and elongation with Δ6 and Δ5 enzymes (Mendonça 
et al., 2020; Woods & Fearon, 2009).

Chia seed has been largely used as a food, oil source, and 
raw material for medicinal compounds (Capitani et al., 2013). Its 
benefits result primarily from the high concentrations of essen
tial fatty acids, dietary fiber, antioxidants, flavonoids, anthocya
nins, vitamins, carotenoids, and minerals (Pereira da Silva et al.,  
2017). Protein content in chia seeds (19–23%) is higher than 
wheat (~14%), corn (~14%), rice (~8.5%), oats (~15.3%), barley 
(~9.2%), and amaranth (~14.8%) (Mohammed et al., 2019). 
Generally, there are no reports of antinutritive factors in chia 
seed that could retard its in vitro digestibility such as the 
presence of protease inhibitors (Ayerza et al., 2002).

Previous and recent research showed that the inclusion 
of chia, as ground whole seed, or seed meal, in the diet of 
broilers, pigs, rabbits, and lambs was able to increase PUFA 
concentrations and decrease saturated fatty acid (SFA) con
tent in meat (Ayerza et al., 2002; Azcona et al., 2008; Da 
Silva et al., 2021; Komprda et al., 2013; Peiretti & Meineri,  
2008; Urrutia et al., 2015). However, the increase in PUFA 
content in meat can enhance its susceptibility to oxidation, 

because oxidative processes predominantly affect unsatu
rated fatty acids in lipids, as well as heme groups in pig
ments, amino acids in proteins, and conjugated double 
bonds in vitamins (McMillin, 1996). Besides, oxidation 
induces modifications of muscle lipids and proteins and, 
therefore, affects the organoleptic and nutritional proper
ties of meat and meat products (Insani et al., 2008). Lipid 
oxidation leads to the deterioration of quality and the 
accumulation of secondary oxidation products, such as 
aldehydes, alkanes, ketones, and alcohols, which directly 
affect the flavor, texture, color, and protein stability of 
meat (Jin et al., 2021). Oxidation of meat proteins may 
reduce sensory quality by decreasing tenderness and juici
ness, due to effects on proteolytic enzyme activity, causing 
changes in flavor and color. Among the oxidative changes 
in meat proteins, the foremost is the formation of hydro
peroxides and carbonyl derivatives, loss of sulfhydryl 
groups, formation of protein cross-linking occurring thanks 
to the formation of disulfide bonds (so-called crosslinking), 
peptide fragmentation, and reduction of protein solubility 
(Lund et al., 2011).

During retail display conditions of meat products, the 
incidence of light, refrigeration temperature, and the use of 
aerobic and transparent packages favor the oxidation of 
pigments (myoglobin) or lipids, which leads to fading or 
discoloration and to off-odor and off-flavor development 
(Acton et al., 2006). Meat discoloration, due to the oxidation 
of myoglobin, while in storage or on retail display, leads to 
significant product discarding (McKenna et al., 2005), which 
carries economic losses. Besides this, color is an important 
parameter for consumers which has a substantial influence 
on acceptability and purchasing decisions at retail points 
(Insani et al., 2008).

As research concerning the effect of chia seed inclusion in 
poultry diet on meat quality characteristics is scarce, the aim 
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of this study was to investigate the incorporation of increas
ing doses of ground whole chia seeds in a poultry finishing 
diet, on the oxidative stability of lipids and proteins, color, 
and heme iron content, in meat under retail display 
conditions.

Materials and methods

Meat samples, animals and diet treatments

Breast samples (Pectoralis major) were obtained from 64 
male Ross 308 broilers which were distributed randomly 
into four diet treatments (8 cages per treatment with 2 
birds in each cage) from day 21 to day 49. The present 
work was part of an experimental procedure conducted to 
enrich the poultry meat with DHA and EPA (Da Silva et al.,  
2021). To achieve this, chia seeds were included in the 
finishing diet at increasing doses, where the control group 
received a corn-soy basal diet with 0% chia inclusion 
(n = 16); and the other three groups received a corn-soy 
basal diet with 2.5% (n = 16), 5% (n = 16) and 10% (n = 16) 
chia seed inclusion. All diets were formulated with ground 
corn, soybean meal, meat and bone meal (45% crude protein), 
high-oleic sunflower oil, salt, and minerals and vitamins premix, 
resulting in iso-proteic and iso-energetic (Table 1). All birds 
were sacrificed in a commercial slaughterhouse at day 50, 
following the good animal welfare practices approved by the 
Honorary Committee for Animal Experimentation (CHEA, pro
tocol N° 702), and after chilling the carcasses at 4°C for 24  
hours, they were transported to the laboratory where 16 
breasts of each dietary group were separated manually after 
removing the skin. The longitudinal half of one lateral breast 
was vacuum packaged (105 µm, Lacor, LR69454, Spain) and 
frozen at −20°C until determinations in fresh meat (day 0 
postmortem samples). The other half was put on food-grade 
polyfoam trays overwrapped with food-grade oxygen- 
permeable PVC (polyvinyl chloride) fil͓m (density 1.39 g/cm3; 
O2 permeability cm3 mm/m2day atm) in a commercial show
case (CE, SS1500 model, 1.25 m height, 90 cm wide and 1.50 m 

long) with artificial light at 2–8°C, simulating retail display 
conditions, for 4 days. After this time, breasts were vacuum 
packaged (105 µm, Lacor, LR69454, Spain) and frozen at 
−20°C until further analysis (day 4 samples).

Color determination

Poultry meat color was determined in breasts from day 0 
and day 4 of the display, by the CIELAB method (CIE, 2004) 
using a Minolta CR-10 colorimeter (Konica Minolta, Japan). 
This method provides three parameters: L* (lightness, 0: 
black to 100: white component), a* (redness, + red to – 
green component), and b* (yellowness, + yellow to – blue 
component). Besides, Hue angle (tone) calculated as tan−1 

(b*/a*) and Chroma C* (saturation) calculated as [(a*)2 +  
(b*)2]1/2 were determined.

Heme iron content determination

Total heme pigments in poultry meat samples from day 0 
and day 4 of the display were determined according to 
Hornsey (1956), and Ramos et al. (2012). Briefly, 2 g meat 
samples were finely chopped and macerated in 9 ml of 
acidified acetone (90%) and afterward they were kept for 
1 hour in darkness at room temperature. Then, the tubes 
were stirred in a vortex and filtered with glass filter paper 
(Whatman GFA). Absorbance was measured at 640 nm (T70 
UV/Vis spectrometer, PG Instruments Ltd) in duplicate. Heme 
iron content was calculated using the factor 0.0882 μg iron/ 
μg hematin and results were expressed as mg/kg meat.

Lipid and protein oxidation determination

Lipid oxidation in breast samples from day 0 and day 4 of 
the display was determined using the TBARS (thiobarbituric 
acid reactive species) test described in Terevinto et al. (2019) 
adapted for poultry meat. First, 10 g of frozen meat was 
homogenized with 200 ml of an extraction buffer (0.15 M 
KCl, 0.02 M EDTA, and 0.30 BHT) in a Waring-Blender 

Table 1. Ingredients and nutritional composition of the experimental diets.

Experimental diets

Control 2.5% chia 5% chia 10% chia

Ingredients (%)
Corn 54.99 53.76 52.38 49.38
Soybean meal 35.34 35.34 35.34 35.34
Ground chia seed 0 2.5 5.0 10.0
Meat and bone meal (40/45) 3.8 3.0 2.0 1.0
Monocalcium phosphate 0.80 1.00 1.20 1.45
Calcium carbonate (fine) 1.1 1.1 1.4 1.6
Salt 0.3 0.3 0.3 0.3
High-oleic sunflower oil 2.80 2.12 1.50 0.05
Lysine monohydrochloride 0.28 0.28 0.28 0.28
DL-methionine 0.1 0.1 0.1 0.1
Anticoccidial Monensin 0.05 0.05 0.05 0.05
Vitamin-mineral Premix* 0.4 0.4 0.4 0.4
Choline chloride 0.03 0.03 0.03 0.03
Vitamin C 0.02 0.02 0.02 0.02
Total 100 100 100 100
Analyzed nutrient composition
Gross energy (Mcal/kg DM) 4.82 4.67 4.66 4.81
Crude protein (%) 24.02 23.51 25.21 25.01
Ether extract (%) 6.17 6.36 6.23 6.90

*Vitamin-mineral Premix for broiler: Vitamin supplement (kg of the product): vitamin A − 3,000,000 IU; vitamin 
D3 – 625,000 IU; 25OHD3–15.63 mg; vitamin E − 20,000 mg; vitamin B1 – 800 mg; vitamin B2 – 2150 mg; 
vitamin B6 – 1075 mg; vitamin B12 – 4.25 mg; vitamin K3 – 800 mg; niacin − 16,250 mg; folic acid − 550 mg; 
pantothenic acid- 5000 mg; biotin- 55 mg. Mineral supplement (kg of the product): choline chloride − 100,000; 
copper − 4000 mg; iron − 5000 mg; manganese - 30,000 mg; cobalt − 62.50 mg; iodine − 312.50 mg; 
zinc − 27,500 mg; selenium − 75 mg. 
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(Fisher Inc. USA) at 12,000 rpm for 1 min. After centrifugation 
(Sorvall ST16-R, USA) at 2000 × g for 10 min at 4°C, 1 ml of 
the supernatant was incubated with 1 ml of 2 TBA-TCA 
solution (35 mM TBA and 10% TCA in 125 mM HCl) in 
a boiling water bath for 30 min. Tubes were placed in an 
ice bath to stop the reaction and then were left at room 
temperature for 45 min. After adding 3 ml of n-butanol, 
centrifugation was done for 10 min at 3000 × g and absor
bance was measured at 535 nm (T70 UV/Vis spectrometer, 
PG Instruments Ltd) in duplicate. Results were expressed 
as mg MDA/kg of meat where MDA concentration was 
calculated using its molar extinction coefficient (MDA, 
156,000 M−1 cm−1).

To assess protein oxidative changes in meat, carbonyl, 
and sulfhydryl (SH) content were determined in breast sam
ples from day 0 and day 4 of the display. These two methods 
are the most commonly used in meat. Protein carbonyls 
were determined following the procedure described in 
Terevinto et al. (2019) adapted for poultry meat. First, sam
ple homogenates obtained the day before for the TBARS test 
were thawed and two aliquots of 2 ml were put in two 
different tubes. One was incubated with 2 ml of 2 M HCl 
(blank) and the other with 2 ml of 0.02 M dinitrophenylhy
drazine (DNPH) in 2 M HCl (sample). Carbonyl groups react 
with 2,4-dinitrophenylhydrazine (DNPH) to form the corre
sponding hydrazones. Tubes were left at room temperature 
and stirred regularly. 2 ml of 20% TCA was added and left 15  
min stirring regularly. Then, centrifugation was done for 10  
min at 2000 ×g, and pellets were washed with 4 ml ethanol: 
ethyl acetate (1:1) three times. After each washing proce
dure, tubes were centrifuged at 2000 × g for 10 min. Pellets 
were dissolved in 6 ml of 6 M HCl with 0.02 M KH2PO4 (pH 
6.5) and stirred regularly for its dissolution. After centrifuga
tion for 10 min at 2400 ×g, the absorbance was measured at 
370 nm (T70 UV/Vis spectrometer, PG Instruments Ltd) in 
duplicate, and results were expressed as nmoles of DNPH/ 
mg of protein. DNPH concentration was calculated using its 
molar extinction coefficient (DNPH, 22,000 M−1 cm−1). The 
protein content of each sample was determined at 280 nm 
using bovine serum albumin (BSA) (Sigma chemicals, USA) as 
a protein standard, following the Stoscheck (1990) method.

SH content was determined spectrophotometrically fol
lowing the method described by Jongberg et al. (2013) with 
modifications (Pirotti, 2020) and using Ellman’s reagent 
5,5’-dithiobis (2-nitrobenzoic acid) (DTNB) which leads to 
the formation of a mixed disulfide and release of 5-thio- 
2-nitrobenzoic acid (Kaczmarek & Muzolf-Panek, 2021). 
First, 1 g of meat sample was homogenized with 20 ml of 
a solution containing 8 M Urea, 3% SDS, and 0.1 M PBS (pH 
7.4) in an Ultra-turrax (IKA T18 basic) at 8000 rpm. Then, 
tubes were stirred (Vortex-Genie, Model K550-GE, Scientific 
Industries) and incubated with shaking (Roto-Mix, 
Thermolyne) at 140 rpm for 1 hour. Samples were filtered 
(Whatman No. 1) and an aliquot of 40 µL was mixed with 
1960 µL Urea-SDS-PBS solution. 600 µL 10 mM DTNB in 0.1 M 
PBS was added and the tubes were incubated in the dark for 
15 min. A blank was done with 2 ml Urea-SDS-PBS solution 
+600 µL DTNB. Absorbance was measured at 412 nm (T70 
UV/Vis spectrometer, PG Instruments Ltd) in duplicate and 
the molar extinction coefficient of DTNB (13600 M−1cm−1) 
was used. The corrected absorbance of the sample is given 
by Abs sample + DTNB - Abs blank. Results were expressed as 
nmoles SH/mg protein. The protein content of each sample 

was determined at 280 nm using bovine serum albumin 
(BSA) (Sigma chemicals, USA) as a protein standard, follow
ing the Stoscheck (1990) method.

n-3 fatty acid composition determination

The methodology is detailed in Da Silva (2022). Briefly, intra
muscular lipids from breasts of day 0 were extracted follow
ing Folch et al. (1957) using chloroform: methanol (2:1). 
Lipids were submitted previously to a methylation process 
with methanolic KOH and then injected in a gas chromato
graph (Clarus 500, Perkin Elmer Instruments, USA) split/split
less with a fused-silica CPSIL-88 of 100 m capillary column 
and a FID detector for the determination of fatty acid com
position. Fatty acids methylated esters (FAMEs) were deter
mined by comparing the retention time to fatty acids 
standards (Sigma Corp., USA). From the individual FAME 
quantified as a percentage of total detected FAMEs reported 
in Da Silva (2022), individual n-3 fatty acids (C18:3 ALA, 
C20:3, C20:5 EPA, C 22:5 DPA, and C22:6 DHA) and the sum 
of PUFA n-3 and total PUFA were expressed as mg of fatty 
acid per 100 g meat.

Statistical analysis

Results were reported as means ± standard error of the 
media (SEM) of n = 16. Data of L*, a*, b*, Hue angle, 
Chroma, heme iron content, TBARS, carbonyls, and sulfhy
dryls in breast fillets of days 0 and 4 of the display were 
analyzed by repeated-measures ANOVA and post hoc Tukey- 
Kramer test. Also, a one way-ANOVA was used to analyze 
differences between chia doses on day 0 and day 4 of the 
display. For oxidation data, in addition, a paired Student´s 
T-test was used to compare means from day 0 and day 4, in 
each dietary group. The n-3 fatty acid and total PUFA con
tents at day 0 were analyzed by a one way-ANOVA and post 
hoc Tukey-Kramer test. The significance level was established 
at P < .05 and the statistical software used was the NCSS 12.

Results and discussion

When diet effect on poultry meat color was evaluated, no 
differences were observed in L* (P > .05) parameter (Table 2). 
Lightness is an achromatic contribution to perceived color 
(Purslow et al., 2020) governed by water migration and/or 
distribution through muscle structure alterations (Kim et al.,  
2017). The L* value has been negatively correlated with the 
pH 24 h value of the meat with the explanation that a higher 
pH decline rate may cause a greater denaturation degree of 
the myoglobin pigments (Suman & Joseph, 2013) and 
greater liquid exudation, promoting greater light dispersion 
on the surface of the meat (El Rammouz et al., 2004). In the 
study of Mendonça et al. (2020) the experimental diets 
(soybean oil, chia oil, roasted whole soybean, chia seed) 
did not influence the L* and Hue parameters in the breast 
meat of broilers; however, the inclusion of chia seeds in the 
diet resulted in a higher a* value in the broiler breast, 
suggesting that part of the chemical compounds present in 
this feed may have been metabolized and used for the 
synthesis of myoglobin. Myoglobin is a small globular pro
tein with a central heme iron atom, which maintains oxygen 
supply in skeletal muscles and other muscle tissue, in mam
mals (Møller & Skibsted, 2006). In our study, no differences 
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were observed between diet treatments in a* value (P > .05) 
(Table 2), which can be associated with no variation in the 
heme iron content (Table 2). Otherwise, the b* parameter 
(P < .001), Hue angle (P < .01), and Chroma (P < .001) were 
affected by diet in the present study, where poultry meat 
from chickens in the control group presented higher values 
than the 10% chia group (Table 2). This is an unfavorable 
result for the inclusion of 10% chia in the diet of broilers, as 
the tone and saturation of color were diminished, and this 
can affect the purchase decision of consumers. The greater 
b* value in meat from the control group compared with 
groups with chia may be explained by the high content of 
carotenoids in corn. Carotenoids consist of a group of more 
than 500 pigments, and birds use these compounds not only 
for skin and muscle pigmentation but also to maintain 
growth and fertility (García et al., 2013). Thus, Hue values 
observed in breast meat were between 70 and 100 degrees, 
so they can be considered yellow, according to the color 
scale of the Cie L*a*b* system (Mendonça et al., 2020).

In the present study, poultry breasts were placed in 
a refrigerated commercial showcase, simulating retail display 
conditions, for 4 days, because it was previously reported 
that the shelf life of chicken meat stored aerobically under 
chilling conditions is only approximately 4 days after slaugh
tering (Balamatsia et al., 2007). This is because chicken meat 
is highly perishable and contains more pathogenic bacteria 
than most other types of meat (Azlin-Hasim et al., 2018). 
A longer period would cause meat quality deterioration 
and consumer rejection. During the retail display time, 
some significant changes in the color of meat were 
observed, particularly, an increase in the b* (P < .01) value. 
This can be related to the increase in lipid oxidation 
(Figure 1(a)). The effects of lipid oxidation on the formation 
of yellow pigments in meat are related to the non-enzymatic 
browning reactions between lipid oxidation products and 
the amine in the proteins or in the phospholipid head 
groups (Xia et al., 2009). Amino acid degradations produced 
by lipid oxidation products are lesser known despite being 
lipid oxidation a major source of reactive carbonyls in food 
and result in Strecker aldehydes, α-keto acids, and amines 
(Hidalgo & Zamora, 2016). Therefore, hydroperoxides, the 
primary products of lipid oxidation, have an alternative 
way to produce the Strecker degradation of amino acids. 
This alternative pathway is likely a free radical degradation 
(Hidalgo & Zamora, 2016). In addition, because of oxidative 
stress, the accumulation of Schiff pigments from lipid oxida
tion products to protein complexes also contributes to the 

formation of yellowness (Rodríguez-Carpena et al., 2011). In 
the work of Vorst et al. (2018) in poultry breasts and Wang 
et al. (2021) in rabbit meat, an increase in b* was also 
observed with the time of display. In the present study, 
also an increase in Hue angle (tone) (P < .05) and Chroma 
(saturation) (P < .01) was found. This may be explained by 
the increase in b×. Despite this, L* and a* parameters were 
not affected by the time of display, contrary to what was 
observed by Vorst et al. (2018) in poultry breasts, where L* 
diminished and a* increased during 5 days of exposure in 
retail display conditions, and by Azlin-Hasim et al. (2018) 
who observed an increase in a* for 4 days in refrigerated 
conditions. It should be noted that no mention of diet 
ingredients was done in both investigations. Probably, the 
non-variation in a* observed in the present study is related 
to the no variation in heme iron with the time of display, as 
shown in Table 2. In the study of Wang et al. (2021) both L* 
and a* parameters diminished with the time of display in 
rabbit meat, which is a redder meat than poultry. It is 
important to mention that poultry meat from breasts is 
quite pale because muscle is predominantly formed by 
white fibers (Ismail & Joo, 2017).

Regarding the oxidation results in poultry breasts 
(Figure 1), no diet effect was observed for TBARS, protein 
carbonyls, and sulfhydryls, which is consistent with the fact 
that no differences were found between diet treatments in 
total PUFA content (Table 3). Despite this, an increase in total 
PUFA n-3 can be seen in breast fillets with chia inclusion in 
the diet, compared with the control group (0% chia). This 
result is supported by an increase in individual n-3 fatty acid 
content, like ALA, EPA, DPA, and DHA observed in Table 3, 
and could be useful to reach consumers´ health recommen
dations, which suggest increasing PUFA n-3 and decreasing 
PUFA n-6 consumption, to reach an n-6/n-3 ratio of 5/1 (Lunn 
& Theobald, 2006). The strategy of poultry meat n-3 enrich
ment with chia seed is better than with fish oil (rich in n-3) 
because in some works (Hugo et al., 2009; Saleh et al., 2010) 
an increase in the TBARS values of breast and thigh was 
observed. According to Marineli et al. (2014), both the chia 
oil and the seed contain several phenolic compounds with 
antioxidant activity, especially myricetin, quercetin, kaemp
ferol, chlorogenic acid, and the 3,4-dihydroxy phenyl ethanol- 
elenolic acid dialdehyde. Therefore, the non-variation in the 
meat lipid and protein oxidation values can be explained by 
antioxidant compounds present in the chia seed. Despite this, 
in another study, but in ground refrigerated rabbit meat 
(Meineri et al., 2010), lower oxidative stability was found 

Table 2. Effect of chia inclusion in poultry diet on lightness (L*), redness (a*) and yellowness (b*) and calculated Hue (H°) and Chroma (C*), and heme iron 
content (mg/kg meat) in fresh (day 0) and refrigerated display (day 4 postmortem) breast fillets.

Time Diet L* a* b* H° C* Heme iron

Day 0 Control 53.8 ± 0.6 −0.2 ± 0.2 8.21 ± 0.4a 85.4 ± 1.0a 8.3 ± 0.4a 5.8 ± 0.4
2.5% 52.9 ± 0.7 −0.3 ± 0.3 6.87 ± 0.5ab 80.1 ± 1.8ab 7.0 ± 0.5ab 5.6 ± 0.3
5% 52.3 ± 0.4 −0.9 ± 0.2 6.35 ± 0.4b 80.1 ± 1.9ab 6.5 ± 0.3b 5.3 ± 0.4

10% 52.5 ± 0.6 −0.7 ± 0.3 5.57 ± 0.3b 76.8 ± 1.7b 5.8 ± 0.3b 4.6 ± 0.2
Day 4 Control 52.8 ± 0.6 −0.2 ± 0.2 8.75 ± 0.5a 85.3 ± 0.9 8.8 ± 0.5a 5.0 ± 0.5

2.5% 52.6 ± 0.5 −0.4 ± 0.2 7.76 ± 0.4ab 84.1 ± 1.2 7.8 ± 0.4ab 5.6 ± 0.3
5% 51.5 ± 0.7 −0.3 ± 0.3 7.93 ± 0.4ab 82.7 ± 1.6 8. ± 0.4ab 6.3 ± 0.5

10% 51.3 ± 0.7 −0.4 ± 0.2 6.73 ± 0.5b 80.8 ± 2.0 6.8 ± 0.4b 4.8 ± 0.4

Main effects

Diet NS NS P < .001 P < .01 P < .001 NS
Control >10% Control >10% Control >10%

Time NS NS P < .01 P < .05 P < .01 NS
day 0 < day 4 day 0 < day 4 day 0 < day 4

Note: Values are means ± SEM (n = 16). Dietary and time effects were analyzed by repeated measures ANOVA and post hoc Tukey-Kramer test (P < .05). Different 
letters show significant differences (P < .05) between dietary treatments in each day by a one-way ANOVA and post hoc Tukey-Kramer test. NS: not significant. 
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when 15% chia seed was included in the diet. These differ
ences in the results found might be explained by the animal 
specie (rabbit) which has a redder meat (more susceptible to 
oxidation because of higher content of iron) and that the 

meat was ground (more susceptible to oxidation because of 
a greater contact surface with air).

When evaluating time as a main effect, both lipid and 
protein oxidation (P < .0001 for TBARS; P < .01 for carbonyls; 
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Figure 1. Effect of chia inclusion in poultry diet on TBARS (a; mg MDA/kg meat), carbonyls (b; nmoles DNPH/mg protein) and sulfhydryls (c; nmoles SH/mg 
protein) in fresh (day 0) breast fillets and after 4 days in refrigerated retail display conditions. Results are expressed as means ± SEM (n = 16). Dietary and time 
effects were analyzed by repeated measures ANOVA and post hoc Tukey-Kramer test (P < .05). * means significant differences between day 0 and day 4 of 
refrigerated display in each dietary group (P < .05) by a paired Student´s T-test. NS: not significant.
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P < .0001 for sulfhydryls) increased in poultry breasts 
exposed in a refrigerated showcase. On day 4 of the display, 
breasts experienced an increase in TBARS (Figure 1(a)) com
pared to fresh ones (day 0), in all diet treatments, but 
carbonyl content increased only in control and 2.5% chia 
groups (Figure 1(b)). A possible explanation for not obser
ving an increase in protein oxidation expressed as carbonyls 
in 5% and 10% chia groups at day 4 of display (Figure 1(b)), 
is a possible protection against protein oxidative processes, 
due likely to antioxidants present in whole chia seed. The 
protective effect of plant extracts rich in phenolics and other 
phytochemicals is often ambiguous due to the redox activity 
of such species (Macáková et al., 2012). Several studies show 
both antioxidative and prooxidative effects of plant extract 
addition to meat or meat products depending on the dose 
(Estévez & Cava, 2006; Utrera et al., 2012; Vaithiyanathan 
et al., 2011). For thiols content, breasts from all diet treat
ment groups showed an increase at day 4 of display in 
comparison to fresh ones (Figure 1(c)), as it was observed 
in TBARS results. This significant difference observed, indi
cating a protection of residual thiols formed during display 
because of proteolysis of myofibrillar protein (Baskol et al.,  
2014), is likely due to phytochemicals found in chia. The 
same thiols intact have, in turn, a protective effect on pro
tein oxidation, since thiols are the major antioxidant coming 
from protein myofibrils (Hofmann & Hamm, 1978) but also it 
is rapidly oxidized if the prooxidant conditions are present. 
These results are expected, as lipid and protein oxidation 
processes are accelerated when meat is exposed to light and 
refrigerated temperatures. Although an increase in oxidation 
was observed in poultry meat, the values obtained were far 
below the maximum limit accepted for lipid oxidation (2 mg 
MDA/kg meat) (Campo et al., 2006), and protein oxidation 
(3 nmoles DNPH/mg protein) (Estévez, 2011). In another 
study (Azlin-Hasim et al., 2018), where chicken breast fillets 
were wrapped with low-density polyethylene film and refri
gerated for 4 days, an increase in TBARS was observed dur
ing storage. Concerning rabbit meat where chia seeds were 
included in the diet, and oxidative stability was evaluated 
during refrigerated storage, an increase in oxidation was also 
observed (Meineri et al., 2010; Wang et al., 2021).

Conclusions

When chia seeds were incorporated into the poultry diet 
at the finishing phase, an n-3 enrichment was obtained in 
meat. Despite this, the oxidative stability of meat was not 
affected, so up to 10% of chia seed can be included in the 
finishing poultry diet. With this % of chia incorporation, 
the color might be affected, so a lower % inclusion should 

be desirable (2.5% or 5%), for greater consumer accept
ability. Taking into account that in the 4 days of display 
some alterations in meat color as a result of oxidation 
processes occur, this research evidenced that the incor
poration of chia in proportions lower than 5% would be 
ideal, not only for improving the fatty acid profile but for 
not affecting the characteristic color of poultry meat for 
consumption.
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