
1310

Copyright © 2020 by Asian-Australasian Journal of Animal Sciences 
This is an open-access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original work is properly cited. www.ajas.info

Asian-Australas J Anim Sci  
Vol. 33, No. 8:1310-1322 August 2020
https://doi.org/10.5713/ajas.19.0608
pISSN 1011-2367 eISSN 1976-5517

Dietary chia (Salvia hispanica L.) improves the nutritional quality 
of broiler meat
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Objective: The current study was conducted to evaluate the quality and profile of fatty acid 
in the breast and thigh, and the performance of broilers fed diets containing seed or oil of 
chia (Salvia hispanica L.) as a replacement for soybean, in the rearing period from 29 to 42 
days of age.
Methods: On the 29th day of age, 120 broilers were distributed in four treatments evaluated 
in five replicates of six birds. The grain or oil of soybean was respectively replaced on a weight-
to-weight basis in the formulation by the seed or oil of chia, constituting the experimental 
diets. The roasted whole soybean and chia seed were included in the feed at 16.4%, whereas 
the soybean and chia oils were included at 2.5%. 
Results: The dietary chia oil increased the lipid peroxidation in the thigh meat, and the 
dietary chia seed increased the cooking loss of the thigh. However, for the other physico-
chemical parameters evaluated and for the proximate composition of the breast and thigh, 
in general, the inclusion of chia seed or oil in the diet provided similar or better results than 
those observed when the diets contained soybean oil or roasted whole soybean. With regard 
to the fatty acid profile and associated parameters, dietary chia increased the concentrations 
of α-linolenic, eicosapentaenoic, and docosahexaenoic acids and reduced the Σω-6:Σω-3 
ratio and the atherogenicity and thrombogenicity indices of the broiler meat. However, the 
dietary chia seed worsened the feed conversion ratio. 
Conclusion: Diet containing 2.5% chia oil supplied to broilers during the period from 29 
to 42 days of age improves the feed conversion ratio, increases the deposition of the ω-3 fatty 
acids in the breast and thigh, in addition to reducing the Σω-6:Σω-3 ratio and the athero-
genicity and thrombogenicity indices, thereby resulting in meat with higher nutritional 
quality.
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INTRODUCTION 

High omega-6:omega-3 (ω-6:ω-3) ratios in the human diet are associated with a higher 
risk of obesity and cardiovascular diseases because the imbalanced consumption of fatty 
acids contributes to atherosclerosis, the main cause of heart attacks and strokes [1]. Accord-
ing to global health agencies, the recommendation of ω-6:ω-3 daily intake converges to 
ratios between 4:1 and 5:1 [2]. However, especially in the diets of western industrialized 
countries, the ω-6:ω-3 daily intake can reach ratios higher than 20:1 [1].
 The use of nutritional strategies to improve the quality and chemical composition of 
animal products used in the human diet represents an important link between animal pro-
duction, food technology, and human nutrition. Broiler meat is more affordable than other 

*  Corresponding Author: Paulo Borges Rodrigues
Tel: +55-35-3829-1231, Fax: +55-35-3829-1231, 
E-mail: pborges@dzo.ufla.br

  1  Department of Animal Science, Federal University of 
Lavras, Lavras, MG 37200-000, Brazil

  2  Department of Veterinary Medicine, Federal 
University of Lavras, Lavras, MG 37200-000, Brazil

ORCID
Nicole Batelli de Souza Nardelli Mendonça
https://orcid.org/0000-0003-4000-3807
Sérgio Turra Sobrane Filho
https://orcid.org/0000-0002-2849-6170
David Henrique de Oliveira
https://orcid.org/0000-0003-3669-4967
Eduardo Machado Costa Lima
https://orcid.org/0000-0002-9278-5831
Priscila Vieira e Rosa
https://orcid.org/0000-0002-0052-079X
Peter Bitencourt Faria
https://orcid.org/0000-0002-2890-5472
Luciana de Paula Naves
https://orcid.org/0000-0001-8067-829X
Paulo Borges Rodrigues
https://orcid.org/0000-0001-7188-709X

Submitted Jul 27, 2019; Revised Aug 15, 2019;  
Accepted Oct 17, 2019

Open Access



www.ajas.info  1311

Mendonça et al (2020) Asian-Australas J Anim Sci 33:1310-1322

meats on the market, being a source of animal protein world-
wide used in the human diet. In addition, studies have shown 
that broiler meat can be enriched with ω-3 fatty acids by al-
tering the lipid composition of the diets fed to animals [3-5]. 
Therefore, providing diets rich in ω-3 for broilers with the 
goal of enriching their meat with ω-3 fatty acids is an alter-
native for increasing the dietary intake of ω-3 by humans.
 However, the increase in the degree of polyunsaturated 
fatty acid (PUFA) deposition in the meat may increase its 
susceptibility to lipid peroxidation [4,5] reducing their quality, 
which can trigger undesirable changes in taste, color, and tex-
ture, in addition to a loss in nutritional value [6]. The inclusion 
of antioxidants in the diets can reduce lipid peroxidation in 
the meat [7]; however, the use of industrial antioxidants can 
represent an additional cost when feeding broilers, possibly 
resulting in an increase in the meat price paid by consumers. 
 In this sense, chia (Salvia hispanica L.) has the potential to 
enrich the broiler meat with fatty acids beneficial to human 
health without compromising the meat quality because this 
plant source has high concentration of ω-3 fatty acids and 
has compounds that exhibit high antioxidant activity [8]. 
Although some studies have examined the use of chia seed 
in broiler diet [9,10], chia oil as a dietary source of ω-3 has 
not been investigated yet, nor has the supply period of dietary 
chia been restricted to the last 14 days of rearing. Verify if 
there is meat enrichment with ω-3 when broilers receive 
diet supplemented with chia only in the last two weeks of 
rearing is important to avoid unnecessary costs with the 
supply of dietary chia during the total rearing period of the 
broilers. Therefore, the present study was conducted to eval-
uate the quality and profile of fatty acid in the breast and 
thigh, and the performance of broilers fed diets containing 
seed or oil chia as a replacement for soybean, in the rearing 
period from 29 to 42 days of age.

MATERIALS AND METHODS 

Ethics statement
The experiment was conducted in the Poultry Sector of the 
Department of Animal Science of the Federal University of 
Lavras (UFLA). All experimental procedures were approved 
by the UFLA Ethics Committee on Animal Use, under pro-
tocol no. 074/16.

Animals and experimental procedures
A total of 150 one-day-old male Cobb500 broilers were ac-
quired from a commercial hatchery and were reared in a 
conventional broiler house until 28 days of age, comprising 
a single batch. During this period, the broilers received basal 
diets that were formulated to meet their specific nutritional 
needs according to their age range [11] (Table 1). On the 
29th day of age, the broilers were weighed individually and 

distributed according to weight range for homogeneity. Sub-
sequently, 120 broilers were transferred to a performance-
testing broiler house containing boxes measuring 2.0×1.5 
meters. Each box (experimental unit) had its floor covered 
with wood shavings and was equipped with a pendular drinker 
and feeder.
 The experimental design was completely randomized, and 
diets containing soybean or chia used in the form of grain/
seed or oil were evaluated. Therefore, the 120 broilers were 
distributed into four treatments and evaluated in five repli-
cates (box) consisting of six birds each. The lighting program 
adopted was continuous light, with 24 hours of light through-
out the experimental period. The minimum temperature 
recorded in the broiler house was 19.7°C±0.5°C, and the 
maximum temperature was 31.8°C±1.3°C.

Experimental diets and growth performance
The experimental diets (Table 1), which were based on corn 
and soybean meal, were formulated according to the recom-
mendations of Rostagno et al [11] and were supplied ad libitum 
to the animals during the period when they were 29 to 42 days 
of age. Initially, the control diet containing corn, soybean meal 
and soybean oil (2.5%) was formulated. Subsequently, an iso-
nutrient diet without soybean oil and containing roasted whole 
soybean (16.4%) was formulated. After, the soybean grain/
oil was replaced on a weight-to-weight basis in the formula-
tion by the chia seed/oil, constituting the other experimental 
diets. Thus, the roasted whole soybean and chia seeds were 
included in the feed at 16.4%, whereas the soybean and chia 
oils were included in the feed at 2.5%. The chia seed was 
added whole to the feed because according to Nitrayová et 
al [13] the chia seed not need to be ground to release its 
nutrients. The chia seeds were purchased from a local market 
in São Paulo, SP, Brazil; the chia oil in Rio de Janeiro, RJ, 
Brazil; and roasted whole soybean in Três Corações, MG, 
Brazil. The other ingredients were purchase from a local 
market in Lavras, MG, Brazil. The chemical composition 
and gross energy of the evaluated feedstuffs is related in the 
Table 2.
 The fatty acid profiles of the foods tested and of the ex-
perimental diets (Tables 3, 4, respectively) were determined 
by gas chromatography in a Shimadzu CG 2010 chromato-
graph (Agilent Technologies Inc., Palo Alto, CA, USA), using 
the lipid extraction method described by Folch et al [14] and 
the esterification method proposed by Hartman and Lago 
[15].
 The broilers, feeds and leftovers were weighed on days 29 
and 42 to calculate weight gain, feed intake, and feed conver-
sion ratio. No mortality occurred during the experimental 
period.

Slaughter and procedures for collection and storage of 
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the broiler breast and thigh
At 42 days of age, after 12-hours of fasting, three broilers per 
experimental unit were randomly sampled, for a total of 15 
broilers per treatment. The selected broilers were slaughtered 
by cervical dislocation, followed by bleeding, scalding, pluck-
ing, and evisceration. Subsequently, the breast (pectoralis 
major muscle) and thighs (fibularis longus, tibial cranial, 

flexor digitorum longus, extensor digitorum longus, and gas-
trocnemius muscles) were collected, individually packed in 
labeled plastic bags, and cooled at 5°C for 24 hours.
 After this cooling period, the breast and thigh samples were 
immediately analyzed for pH 24 hours postmortem (pH24h), 
color, cooking loss (CL), and shear force (SF). In addition, 
aliquots of the cooled breast and thigh samples were frozen 

Table 1. Ingredients and chemical composition (as-fed basis) of the pre- and experimental diets

Items
Pre-experimental diets Experimental diets (29-42 days)

1-7 days 8-28 days Soybean oil Chia oil Roasted whole 
soybean Chia seed

Ingredients (g/kg)
Corn 553.3 594.8 651.0 651.0 644.5 644.5
Soybean meal, 45% 381.8 340.6 292.5 292.5 160.0 160.0
Dicalcium phosphate 19.0 14.6 12.0 12.0 11.6 11.6
Limestone 9.1 9.1 8.0 8.0 7.7 7.7
Common salt 5.1 4.8 4.5 4.5 4.5 4.5
DL-methionine, 99% 3.65 2.7 2.5 2.5 2.5 2.5
L-lysine HCL, 99% 3.1 2.2 2.1 2.1 2.4 2.4
L -threonine 1.1 0.7 0.4 0.4 0.5 0.5
L -valine 0.0 0.0 0.2 0.2 0.4 0.4
Mineral supplement1) 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin supplement2) 0.5 0.4 0.4 0.4 0.5 0.5
Choline chloride, 60% 0.5 0.45 0.4 0.4 0.4 0.4
Salinomycin, 12% 0.5 0.5 0.5 0.5 0.5 0.5
Soybean oil 21.8 28.6 25.0 0.0 0.0 0.0
Chia oil 0.0 0.0 0.0 25.0 0.0 0.0
Roasted whole soybean 0.0 0.0 0.0 0.0 164.0 0.0
Chia seed 0.0 0.0 0.0 0.0 0.0 164.0

Calculated3),5) and determined4),6) composition
Apparent metabolizable energy3) (MJ/kg) 12.37 12.78 12.99 - 12.98 -
Apparent metabolizable energy4) (MJ/kg) - - 13.00 13.11 13.33 12.72
Crude protein (%) 21.703) 20.143) 18.753) 18.753) 18.733) 16.325)

Crude protein6) (%) - - 17.99 17.99 18.07 15.52
Digestible methionine + cysteine3) (%) 0.95 0.82 0.77 0.77 0.76 -
Digestible lysine3) (%) 1.33 1.16 1.04 1.04 1.04 -
Digestible threonine3) (%) 0.85 0.76 0.68 0.68 0.68 -
Digestible valine3) (%) - - 0.82 0.82 0.81 -
Total phosphorus 0.693) 0.603) 0.543) 0.543) 0.543) 0.615)

Available phosphorus (%) 0473) 0.383) 0.333) 0.333) 0.323) 0.345)

Calcium (%) 0.933) 0.813) 0.693) 0.693) 0.683) 0.725)

Sodium (%) 0.223) 0.203) 0.203) 0.203) 0.203) 0.195)

Acid detergent fiber6) - - 0.52 0.53 7.01 10.16
Neutral detergent fiber6) - - 1.71 1.70 19.20 23.81
Crude fiber6) 2.81 2.68 2.68 2.68 3.42 5.05
Feed price7) ($/kg) - - 0.31 0.70 0.32 0.51

1) Supplemented per kilogram of feed: Zn 55 mg; Se 0.18 mg; I 0.70 mg; Cu 10 mg; Mn 78 mg; Fe 48 mg.
2) Supplemented per kilogram of feed: folic acid 0.48 mg; pantothenic acid 8.70 mg; biotin 0.018 mg; butylhydroxytoluene (BHT) 1.5 mg; niacin 11.1; vitamin A 6,000 IU; 
vitamin B1 0.8 mg; vitamin E 12.15 IU; vitamin B12 8.10 μg; vitamin B2 3.6 mg; vitamin B6 1.80 mg; vitamin D3 1,500 IU; vitamin K3 1.44 mg.
3) Calculated according to Rostagno et al [11].
4) Determined in in vivo assay.
5) Calculated with values related by Jin et al [12].
6) Determined in laboratory assay.
7) Price per kg of ingredient: soybean oil 0.89$/kg, chia oil 16.39$/kg, roasted whole soybean 0.52$/kg, chia seed 1.72$/kg.
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at –18°C for 10 days, at which point the thiobarbituric acid-
reactive substances (TBARS), proximate composition, and 
fatty acid profile were analyzed.

Physicochemical analyses of meat
The pH24h readings were taken using a digital pH meter (Han-
na Instruments, Model HI 99163, São Paulo, Brazil). Color 
was determined on the upper surface of the samples after 
exposure to the ambient air for 30 minutes. The lightness (L*), 
red intensity (a*), and yellow intensity (b*) parameters were 
determined using a colorimeter (Konica Minolta, Chroma 
Meter-200b, Tokyo, Japan) operating in the CIELAB system 

with illuminant D65, calibrated to standard white tile. The 
saturation index (C*) and the hue angle (h*) were calculated 
by the equations C* = (a*2 + b*2) 1/2 and h* = tan-1 (b*/a*) 
[16].
 After the color analysis, aliquots of the samples were weigh-
ed, wrapped in aluminum foil, and cooked in an electric 
hotplate preheated to 150°C±5°C. After reaching a temper-
ature of 35°C, the samples were flipped so that the heating 
was homogeneous and allowed to continue cooking until the 
internal temperature reached 72°C±2°C. After being cooked, 
the samples were refrigerated at 5°C and then weighed, with 
the CL being determined by the difference between the weight 
before and after cooking [16].
 To evaluate the SF, the cooked samples used in the CL 
analysis were cut into pieces smaller of 2.0×1.0×1.0 cm and 
then they were sectioned perpendicular to the muscle fibers 
using a texture analyzer (Extralab, Model TA.XT Plus, São 
Paulo, Brazil). The SF results were expressed in kilogram-
force (kgf).

Lipid stability and proximate composition of the meat
After storage at –18°C for 10 days, the breast and thigh sam-
ples were thawed under refrigeration at 5°C for 24 hours, 
after which the TBARS content was measured according to 

Table 2. Determined chemical composition and gross energy of the evaluated 
feedstuffs (as-fed basis)

Composition (%) Soybean 
oil

Chia  
oil

Roasted whole 
soybean

Chia 
seed

Dry matter 99.85 100.0 92.96 92.78
Gross energy (MJ/kg) 39.49 39.23 22.30 24.53
Crude protein - - 32.32 17.83
Ether extract - - 18.53 27.04
Ash - - 4.24 3.64
Acid detergent fiber - - 15.55 34.75
Neutral detergent fiber - - 28.04 56.17
Crude fiber - - 8.81 30.80 

Table 3. Fatty acid profile of soybean oil, chia oil, roasted whole soybean and 
chia seed

Fatty acids (%) Soybean 
oil

Chia  
oil

Roasted whole 
soybean

Chia  
seed 

C14:0 0.07 0.13 0.10 0.05
C15:0 0.09 0.10 0.03 0.04
C16:0 10.75 8.51 11.74 7.24
C16:1 0.12 0.39 0.19 0.30
C17:0 0.09 0.11 0.09 0.06
C17:1 0.04 0.05 0.06 0.02
C18:0 3.17 4.76 3.48 3.67
C18:1n-9 cis 25.07 10.58 26.13 7.42
C18:1n-9 trans 0.039 0.033 0.027 0.029
C18:2n-6 cis 53.48 17.78 50.33 19.76
C18:3n-3 5.55 56.33 6.44 60.40
C18:3n-6 0.11 0.24 0.03 0.23
C20:0 0.31 0.28 0.29 0.27
C20:1n-9 0.30 0.23 0.21 0.15
ΣSFA 14.48 13.89 15.73 11.32
ΣMUFA 25.57 11.28 26.61 7.91
ΣPUFA 59.14 74.35 56.79 80.38
Σω-3 5.55 56.33 6.44 60.39
Σω-6 53.59 18.02 50.36 19.99
Σω-6/Σω-3 9.65 0.32 7.83 0.33

ΣSFA, total saturated fatty acids; ΣMUFA, total monounsaturated fatty acids; 
ΣPUFA, total polyunsaturated fatty acids; Σω-3, total omega-3 fatty acids; Σω-6, 
total omega-6 fatty acids; Σω-6/Σω-3, total omega-6 fatty acids/total omega-3 
fatty acids ratio. 

Table 4. Fatty acid profile of the experimental diets

Fatty acids (%)
Experimental diets

Soybean 
oil

Chia  
oil

Roasted whole 
soybean

Chia  
seed 

C14:0 0.09 0.07 0.07 0.10
C15:0 0.04 0.15 0.04 0.06
C16:0 12.42 9.43 11.66 11.00
C16:1 0.28 0.15 0.21 0.38
C17:0 0.10 0.11 0.11 0.08
C17:1 0.08 0.06 0.02 0.05
C18:0 3.12 3.48 3.03 3.44
C18:1n-9 cis 28.72 16.48 27.95 21.24
C18:1n-9 trans 0.04 0.02 0.05 0.05
C18:2n-6 cis 50.02 28.40 47.94 34.32
C18:3n-3 3.61 37.81 4.87 26.97
C18:3n-6 0.06 0.15 0.02 0.11
C20:0 0.39 0.33 0.40 0.36
C20:1n-9 0.25 0.19 0.22 0.16
ΣSFA 16.16 13.57 15.30 15.03
ΣMUFA 29.40 16.89 28.45 21.88
ΣPUFA 53.70 66.36 52.83 61.40
Σω-3 3.61 37.81 4.87 26.97
Σω-6 50.08 28.55 47.96 34.43
Σω-6/Σω-3 13.87 0.76 9.85 1.28

ΣSFA, total saturated fatty acids; ΣMUFA, total monounsaturated fatty acids; 
ΣPUFA, total polyunsaturated fatty acids; Σω-3, total omega-3 fatty acids; Σω-6, 
total omega-6 fatty acids; Σω-6/Σω-3, total omega-6 fatty acids/total omega-3 
fatty acids ratio.
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the methodology proposed by Tarladgis et al [17]. The malo-
ndialdehyde (MAD) concentration was determined from a 
standard calibration curve with 1,1,3,3-tetraethoxypropane, 
and the results were expressed in milligrams of MAD/kg of 
sample.
 The proximate composition (moisture, protein, lipids, and 
mineral matter) of the breast and thigh was determined in 
skinless samples, ground, and homogenized using the Food-
Scan Meat Analyzer (FOSS, Hillerod, Denmark), according 
to AOAC official method of number 2007.04 [18].

Determination of the meat fatty acid profile
The profile of fatty acids in broiler breast and thigh was de-
termined using the lipid extraction method described by 
Folch et al [14] and the esterification method proposed by 
Hartman and Lago [15]. Fatty acids were identified in a Shi-
madzu GC 2010 gas chromatograph (Agilent Technologies 
Inc., USA) equipped with a flame ionization detector, a split 
injector at 1:50 split ratio, and a Supelco SPTM-2560 capillary 
column (100 m×0.25 mm×0.20 m; Supelco Inc., Bellefonte, 
PA, USA).
 The chromatographic conditions were an initial column 
temperature of 140°C/5 min, with an increase of 4°C/min 
up to 240°C and remaining at this temperature for 30 minutes 
for a total runtime of 60 minutes. The injector and detector 
temperatures were 260°C. The carrier gas used was helium. 
Fatty acids were identified by comparison with retention 
times characteristic of chromatographic standards (Supelco 
37 standard FAME Mix, Supelco Inc., USA) and were ex-
pressed as percentages of the total fatty acids identified. The 
total saturated fatty acids (SFA), monounsaturated fatty ac-
ids (MUFA), PUFA, total ω-3 fatty acids (Σω-3), and total 
ω-6 fatty acids (Σω-6) were calculated by the sum of the 
individual contributions of the acids.
 The activity indexes of the Δ9-desaturase and elongase 
enzymes were estimated according to Malau-Aduli et al [19]. 
The atherogenicity and thrombogenicity indexes were cal-
culated according to Ulbricht and Southgate [20] using the 
following equations: the atherogenicity index = (4 [C14:0]+ 
C16:0)/(ΣMUFA+ΣPUFA), and the thrombogenicity index 
= (C14:0+C16:0+C18:0)/([0.5×ΣMUFA]+[0.5×Σω-6]+ 
[3×Σω-3]+[Σω-3/ω-6]).

Statistical analyses
The data were analyzed using the Bartlett's and Shapiro-Wilk 
tests, at the p<0.05 statistical level, to test for the assumptions 
of the analysis of variance (ANOVA) (homogeneity of vari-
ances and normality of errors). If one of the assumptions was 
not met, the data were logarithm-transformed for subsequent 
statistical analysis. If both assumptions were met, the data 
were analyzed by ANOVA, and the means were compared by 
the Scott Knott test at 5% probability, using the statistical pro-

gram R (version 3.2.5, 2017, R Core Team, Vienna, Austria).

RESULTS 

Physicochemical parameters and lipid peroxidation of 
meat
The results of pH24h, color (L*, a*, b*, C*, and h*), CL, SF, 
and lipid peroxidation of the broiler breast and thigh are re-
ported in Table 5. The breast of the broilers fed diet containing 
chia seed had lower pH24h (p<0.05), whereas the highest pH24h 
(p<0.05) was found in the breast of broilers fed diets con-
taining soybean oil. In the thigh, the lowest pH24h (p<0.05) 
was observed for broilers fed diet with soybean oil, with no 
differences observed in the pH24h of the thigh among the birds 
receiving any of the other experimental diets.
 The experimental diets did not influence (p>0.05) the pa-
rameters L* and h* in the breast meat of broilers. However, 
the inclusion of roasted whole soybean or chia seeds in the 
diet resulted in a higher (p<0.05) a* value in the breast. For 
the parameters b* and C*, the lowest values (p<0.05) were 
observed in the breast of broilers fed diet containing soybean 
oil, with no differences observed among the broilers fed the 
other diets evaluated.
 The experimental diets did not influence (p>0.05) the L*, 
a*, and C* parameters in the thigh. However, lower b* (p< 
0.05) was observed in the thighs of birds that received a diet 
containing soybean oil. Regarding the parameter h*, the thigh 
of the birds fed diet containing the chia seed had the highest 
value (p<0.05).
 Breast CL did not change (p>0.05) according to the diet 
provided to the broilers. However, the inclusion of chia seed 
in the diet increased (p<0.05) the thigh CL. The SF in the 
breast and thigh meat was not affected (p>0.05) by the diet 
provided to the broilers.
 The TBARS content in the broiler breast was not affected 
(p>0.05) by the experimental diets. However, higher lipid 
peroxidation (p<0.05) was observed in the thighs of broilers 
fed diet containing chia oil.

Proximate composition of the meat
The moisture and lipid levels in the breast and thigh of the 
broilers were not (p>0.05) influenced by the diet provided to 
the birds (Table 6). Although the protein content in the thigh 
was not altered (p>0.05) by the different diets evaluated, the 
use of roasted whole soybean or chia seeds in the diet in-
creased (p<0.05) the protein content in the breast. The diet 
containing soybean oil increased (p<0.05) the deposition of 
minerals in the breast, whereas the diet containing chia seed 
increased the mineral matter content in the thigh (p<0.05).

Meat fatty acid profile
The fatty acid profile of the breast is shown in Table 7. The 
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breast of broilers fed diet containing soybean oil exhibited 
the highest (p<0.05) levels of C18:0, C18:1n-9 trans, C20:3n-6, 
C24:0, and total SFA; the lowest (p<0.05) PUFA/SFA ratio; 
and the highest (p<0.05) thrombogenicity index. In turn, the 
inclusion of chia seed in the diet resulted in the lowest (p< 
0.05) deposition of C6:0, C17:0, and C18:2n-6cis; the highest 
(p<0.05) deposition of C16:1, C20:5n-3, and C22:2; and the 
highest (p<0.05) Δ9-desaturaseC16 enzyme activity in the breast 
of the broilers.
 The highest (p<0.05) C18:3n-3 enrichment in the breast 

occurred when the broilers were fed the diet containing chia 
oil, followed by the diet containing the chia seed. An increase 
(p<0.05) in the total PUFA content and a decrease (p<0.05) 
in the C20:1n-9 content was observed in the breast only when 
the chia oil was included in the diet. However, both the di-
etary chia oil and seed reduced (p<0.05) the concentrations 
of C18:3n-6, C20:2, C20:4n-6, and Σ-6; decreased (p<0.05) 
the Σω-6/Σω-3 ratio; and increased (p<0.05) the deposition 
of C20:3n-3, C22:6n-3, and Σω-3 in the broiler breast. In turn, 
lower (p<0.05) C16:0 concentration and lower (p<0.05) ath-

Table 5. Physicochemical parameters and lipid peroxidation of broiler breast and thigh

Variables
Experimental diets

SEM p-value
Soybean oil Chia oil Roasted whole soybean Chia seed 

Breast
pH 24 hours postmortem 5.93a 5.88b 5.79c 5.73d 0.02 < 0.001
Luminosity (L*) 54.58 56.26 56.28 55.57 0.35 0.281
Red intensity (a*) 0.44b 0.38b 0.90a 0.69a 0.07 0.019
Yellow intensity (b*) 11.17b 12.50a 12.94a 12.97a 0.22 0.003
Color saturation index (C*) 11.18b 12.52a 12.98a 13.21a 0.24 0.002
Hue angle (h*) 87.73 88.03 86.13 86.95 0.29 0.080
Cooking loss (%) 27.82 29.50 27.37 27.16 0.35 0.062
Shear force (kgf) 1.38 1.51 1.67 1.60 0.07 0.557
Oxidation (malondialdehyde/kg) 0.20 0.18 0.20 0.18 0.02 0.936

Thigh
pH 24 hours postmortem 6.34b 6.46a 6.46a 6.44a 0.01 0.001
Luminosity (L*) 52.42 52.37 52.15 53.30 0.32 0.622
Red intensity (a*) 3.69 3.94 4.65 3.33 0.19 0.064
Yellow intensity (b*) 12.14b 12.86a 13.28a 13.85a 0.22 0.034
Color saturation index (C*) 12.73 13.50 13.99 14.28 0.22 0.055
Hue angle (h*) 73.35b 73.86b 71.29b 76.71a 0.70 0.036
Cooking loss (%) 25.26b 24.57b 25.03b 28.94a 0.50 0.001
Shear force (kgf) 1.11 1.08 1.18 1.18 0.03 0.541
Oxidation (malondialdehyde/kg) 0.32b 0.51a 0.36b 0.37b 0.02 0.004

SEM, standard error of the mean.
a-d Means followed by different superscripted lowercase letters in the same row differ from each other (p < 0.05) according to the Scott-Knott test.

Table 6. Proximate composition of broiler breast and thigh meat

Items
Experimental diets

SEM p-value
Soybean oil Chia oil Roasted whole soybean Chia seed 

Breast
Moisture 73.64 73.48 73.00 72.94 0.14 0.223
Protein 21.05b 21.26b 21.98a 22.10a 0.16 0.030
Lipid 2.25 2.43 2.32 2.15 0.04 0.113
Minerals 3.09a 2.88b 2.86b 2.81b 0.03 0.005

Thigh
Moisture 71.51 70.97 71.17 71.29 0.12 0.446
Protein 19.74 19.65 19.75 19.39 0.06 0.138
Lipid 5.33 5.83 5.70 5.66 0.11 0.420
Minerals 3.48b 3.53b 3.40b 3.69a 0.03 0.009

SEM, standard error of the mean.
a,b Means followed by different letters in the row differ from each other (p < 0.05) according to the Scott-Knott test.
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erogenicity index were observed in the breast of the broilers 
that received the diet containing chia oil or roasted whole 
soybean.
 The fatty acid profile of the broiler thigh is shown in Table 

8. The thigh of the broilers fed diet containing roasted whole 
soybean had the lowest (p<0.05) C17:0 content. The inclu-
sion of chia seed oil in the diet increased (p<0.05) the levels 
of C20:0 and total PUFA, increased (p<0.05) the PUFA:SFA 

Table 7. Fatty acid profile of the breast of broilers at 42 days of age

Fatty acids (%)
Experimental diets

SEM p-value
Soybean oil Chia oil Roasted whole soybean Chia seed

C6:0 0.044a 0.034a 0.044a 0.019b 0.003 0.001
C10:0 0.009 0.009 0.014 0.010 0.002 0.729
C12:0 0.035 0.030 0.031 0.030 0.001 0.166
C14:0 0.421 0.408 0.406 0.402 0.004 0.312
C14:1 0.095 0.097 0.099 0.0110 0.002 0.100
C15:0 0.396 0.381 0.348 0.226 0.025 0.055
C16:0 21.960a 20.947b 21.259b 21.796a 0.131 0.008
C16:1 3.522b 3.720b 3.454b 4.164a 0.081 < 0.001
C17:0 0.249a 0.194b 0.217b 0.150c 0.010 < 0.001
C17:1 0.253 0.206 0.225 0.1824 0.010 0.051
C18:0 8.438a 7.710b 7.825b 7.716b 0.111 0.046
C18:1n-9 cis 31.164 30.373 31.428 31.938 0.229 0.096
C18:1n-9 trans 0.179a 0.156b 0.155b 0.151b 0.003 0.002
C18:2n-6 cis 24.745b 21.505c 26.344a 20.262d 0.583 < 0.001
C18:3n-3 2.006c 8.741a 2.087c 7.802b 1.81 < 0.001
C18:3n-6 0.196a 0.165b 0.185a 0.163b 0.004 0.004
C20:0 0.076 0.085 0.080 0.073 0.002 0.194
C20:1n-9 0.322a 0.260b 0.294a 0.291a 0.008 0.023
C20:2 0.517a 0.358b 0.471a 0.371b 0.019 < 0.001
C20:3n-3 0.061b 0.187a 0.052b 0.213a 0.017 < 0.001
C20:3n-6 0.779a 0.570b 0.631b 0.607b 0.026 0.013
C20:4n-6 3.553a 2.236b 3.172a 2.555b 0.140 < 0.001
C20:5n-3 0.171c 0.558b 0.141c 0.619a 0.051 < 0.001
C22:0 0.095 0.087 0.079 0.096 0.004 0.474
C22:1n-9 0.030 0.022 0.022 0.026 0.001 0.108
C22:2 0.042c 0.098b 0.043c 0.116a 0.008 < 0.001
C22:6n-3 0.326b 0.420a 0.289b 0.448a 0.019 < 0.001
C24:0 0.021a 0.016b 0.014b 0.014b 0.001 < 0.001
C24:1n-9 0.006 0.013 0.011 0.012 0.002 0.433
ΣSFA 31.748a 29.903b 30.319b 30.532b 0.217 0.006
ΣMUFA 35.571 34.847 35.688 36.874 0.273 0.053
ΣPUFA 32.396b 34.837a 33.416b 33.156b 0.326 0.046
ΣPUFA/ΣSFA 1.023b 1.168a 1.106a 1.090a 0.017 0.011
Σω-3 2.564b 9.905a 2.569b 9.082a 0.810 < 0.001
Σω-6 29.273b 24.475c 30.333a 23.586c 0.685 < 0.001
Σω-6/Σω-3 11.620a 2.493b 11.879a 2.699b 1.055 < 0.001
Δ9-desaturaseC16 13.771c 15.042b 13.964c 16.011a 0.248 < 0.001
Δ9-desaturaseC18 72.166 71.669 72.342 72.658 0.147 0.105
ElongaseC16-C18 60.860 60.692 61.368 60.446 0.152 0.174
Atherogenicity1) 0.369a 0.349b 0.359b 0.369a 0.003 0.034
Thrombogenicity2) 0.768a 0.488c 0.725b 0.524c 0.029 < 0.001

SEM, standard error of the mean; ΣSFA, total saturated fatty acids; ΣMUFA, total monounsaturated fatty acids; ΣPUFA, total polyunsaturated fatty acids; ΣPUFA/ΣSFA, total 
polyunsaturated fatty acids/total saturated fatty acids ratio; Σω-3, total omega-3 fatty acids; Σω-6, total omega-6 fatty acids; Σω-6/Σω-3, total omega-6 fatty acids/total 
omega-3 fatty acids ratio.
1) Atherogenicity index.
2) Thrombogenicity index.
a-d Means followed by different letters in the row differ from each other (p < 0.05) according to the Scott-Knott test.
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ratio, and decreased (p<0.05) the atherogenicity index in the 
broiler thighs. However, both the dietary chia oil and seed 
increased (p<0.05) the concentrations of C18:3n-3, C20:5n-3, 
C22:2, and Σω-3 and decreased (p<0.05) the concentrations 

of C18:1n-9cis, C18:3n-6, total MUFA, the Σω-6/Σω-3 ratio, 
the Δ9-desaturaseC18 enzyme activity, and the thrombogenicity 
index in the thighs of the broilers.
 The highest (p<0.05) enrichment in C20:3n-3 and C22:6n-3 

Table 8. Fatty acid profile of the thigh of broilers at 42 days of age

Fatty acids (%)
Experimental diets

SEM p-value
Soybean oil Chia oil Roasted whole soybean Chia seed

C6:0 0.038 0.035 0.036 0.036 0.002 0.942
C10:0 0.016 0.010 0.006 0.008 0.002 0.587
C12:0 0.029 0.034 0.028 0.031 0.001 0.068
C14:0 0.405 0.392 0.402 0.398 0.005 0.863
C14:1 0.105 0.096 0.106 0.107 0.002 0.427
C15:0 0.342 0.279 0.265 0.288 0.012 0.081
C16:0 20.819 20.234 20.537 20.791 0.110 0.210
C16:1 4.186 3.985 4.369 4.434 0.082 0.214
C17:0 0.181a 0.188a 0.159b 0.190a 0.004 0.027
C17:1 0.199 0.199 0.149 0.179 0.009 0.192
C18:0 7.753 8.115 3.380 7.892 0.126 0.221
C18:1n-9 cis 31.633a 29.892b 31.662a 30.281b 0.242 0.004
C18:1n-9 trans 0.161 0.154 0.144 0.165 0.003 0.052
C18:2n-6 cis 26.959a 23.427b 26.781a 21.694c 0.540 < 0.001
C18:3n-3 1.850b 7.314a 1.999b 6.873a 0.600 < 0.001
C18:3n-6 0.196a 0.157b 0.190a 0.173b 0.005 0.004
C20:0 0.076b 0.099a 0.082b 0.079b 0.003 0.006
C20:1n-9 0.272 0.275 0.278 0.284 0.004 0.749
C20:2 0.356 0.331 0.358 0.366 0.006 0.214
C20:3n-3 0.050c 0.173a 0.045c 0.150b 0.013 < 0.001
C20:3n-6 0.579 0.572 0.531 0.546 0.010 0.304
C20:4n-6 3.419 2.991 3.172 2.999 0.086 0.267
C20:5n-3 0.097b 0.557a 0.112b 0.537a 0.052 < 0.001
C22:0 0.122 0.106 0.112 0.119 0.003 0.293
C22:1n-9 0.019 0.018 0.018 0.020 0.0005 0.449
C22:2 0.034b 0.104a 0.042b 0.100a 0.008 < 0.001
C22:6n-3 0.245c 0.464a 0.244c 0.368b 0.023 < 0.001
C24:0 0.010 0.012 0.010 0.009 0.001 0.813
C24:1n-9 0.007 0.011 0.009 0.008 0.001 0.783
ΣSFA 29.791 29.505 29.017 29.843 0.175 0.340
ΣMUFA 36.581a 34.629b 36.733a 35.478b 0.278 0.010
ΣPUFA 33.787b 36.091a 33.477b 33.804b 0.310 0.002
ΣPUFA/ΣSFA 1.137b 1.226a 1.155b 1.136b 0.013 0.045
Σω-3 2.243b 8.507a 2.402b 7.927a 0.686 < 0.001
Σω-6 31.154a 27.148b 30.675a 25.412c 0.569 < 0.001
Σω-6/Σω-3 14.110a 3.207c 12.840b 3.286c 1.185 < 0.001
Δ9-desaturaseC16 16.656 16.421 17.520 17.544 0.240 0.226
Δ9-desaturaseC18 72.473a 71.340b 72.485a 71.581b 0.159 0.004
ElongaseC16-C18 61.187 61.088 61.054 60.210 0.193 0.258
Atherogenicity1) 0.353a 0.333b 0.355a 0.352a 0.003 0.020
Thrombogenicity2) 0.713a 0.508b 0.692a 0.537b 0.022 < 0.001

SEM, standard error of the mean; ΣSFA, total saturated fatty acids; ΣMUFA, total monounsaturated fatty acids; ΣPUFA, total polyunsaturated fatty acids; ΣPUFA/ΣSFA, total 
polyunsaturated fatty acids/total saturated fatty acids ratio; Σω-3, total omega-3 fatty acids; Σω-6, total omega-6 fatty acids; Σω-6/Σω-3, total omega-6 fatty acids/total 
omega-3 fatty acids ratio.
1) Atherogenicity index.
2) Thrombogenicity index.
a-c Means followed by different letters in the row differ from each other (p < 0.05) according to the Scott-Knott test.
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in the thigh occurred when the broilers were fed diet con-
taining chia oil, followed by the diet containing chia seed. 
The lowest (p<0.05) levels of C18:2n-6cis and Σω-6 were ob-
served in the thighs of the birds that received the diet with 
chia seed, whereas the highest amounts of these fatty acids 
were measured in the thigh of broilers fed the diet that con-
tained soybean oil or roasted whole soybean.

Growth performance
The performance results are reported in Table 9. The broilers 
fed diets containing soybean oil or chia seed exhibited higher 
(p<0.05) feed intake. The inclusion of soybean oil or chia oil 
in the diet resulted in a higher (p<0.05) weight gain of the 
broilers. However, the best (p<0.05) feed conversion ratio 
was observed when the broilers received the diet containing 
chia oil or roasted whole soybean. 

DISCUSSION

The pH24h values of the breast measured in the present study 
ranged from 5.73 to 5.93, similar to the range of 5.64 to 5.93 
reported in the study by Betti et al [3], who evaluated the po-
tential of dietary flax for ω-3 enrichment of broiler breasts. 
Already the pH24h values measured in the thigh (6.34 to 6.46) 
were higher than the mean of 6.02 reported for male Cobb 
broiler fed basal diet [21].
 In general, the higher pH24h values obtained in the thigh 
compared to the breast can be explained by the type of muscle 
fibers predominant in each cut. In the breast, white muscle 
fibers, which have a higher postmortem pH decline rate that 
results in lower pH24h values, are predominant [22]. In the 
thigh, red muscle fibers predominate, and these have a lower 
postmortem pH decline rate due to the lower capacity to store 
glycogen and to metabolize it via the anaerobic pathway [6].
 The present study demonstrates that the diet composition 
has a greater effect on the pH24h of the breast because the di-
ets containing chia oil, roasted whole soybean, and chia seed 
influenced the pH24h of the breast, although they did not alter 
the pH24h of the thigh. Because a close relationship exists be-
tween the pH24h and the rates of storage and degradation of 
glycogen in lactic acid in the postmortem period, the results 
suggest that these diets may have altered the glycogen con-

centration and/or its anaerobic degradation rate, especially 
in the breast, which is a cut composed predominantly of 
muscle fibers highly specialized in storing and metabolizing 
the glycogen in lactic acid [22].
 The L* parameter is related to the brightness on the surface 
of the meat cut. The L* value has been negatively correlated 
with the pH24h value of the meat with the explanation that 
a higher pH decline rate may cause a greater denaturation 
degree of the myoglobin pigments [23] and greater liquid 
exudation, promoting greater light dispersion on the sur-
face of the meat [24]. However, in the present study, such 
correlation between pH24h and L* was not observed because 
the changes in pH24h values did not affect the L* parameter 
in both cut evaluated.
 The greater the myoglobin content in the muscle, the higher 
the a* [23]. In the present study, the a* value in the thigh, on 
average, was approximately 6.5 times higher than in the breast, 
which may be explained by the fact that the thigh is a cut 
that naturally has a greater amount of red muscle fibers rich 
in myoglobin [22]. The inclusion of roasted whole soybean 
or chia seeds in the diet resulted in higher a* in the broiler 
breast, suggesting that part of the chemical compounds present 
in these foods may have been metabolized and used for the 
synthesis of myoglobin. On the other hand, as the thigh nat-
urally has a higher red content, the results suggest that the 
contribution of these dietary ingredients as precursors in 
myoglobin biosynthesis was not large enough to change the 
a* value in the thigh.
 The effects of the experimental diets on the b* parameter 
were the same in the breast and thighs of the birds. The higher 
b* value in the breast and in the thigh of the broilers that re-
ceived the diet containing chia oil, roasted whole soybean, 
or chia seed are likely attributable to these ingredients pre-
senting a more diverse pigment profile when compared to 
the soybean oil [25,26].
 The C* parameter indicates the degree of color saturation 
of the meat. Using Pearson’s correlation analysis, Bridi et al 
[27] reported a negative correlation between the pH24h value 
and the C* value. In general, in the present study, the effects 
of the experimental diets on pH24h were not reflected in the 
C* value, except for the breast of the broilers fed diet con-
taining soybean oil, which resulted concomitantly in the 

Table 9. Performance of broilers fed diets containing soybean (oil or grain) or chia (oil or seeds) from 29 to 42 days of age

Items
Experimental diets

SEM p-value
Soybean oil Chia oil Roasted whole soybean Chia seed 

FI (kg/broiler) 2.905a 2.636b 2.548b 2.984a 0.016 < 0.001
WG (kg/broiler) 1.518a 1.477a 1.399b 1.383b 0.045 < 0.001
FCR (kg/kg) 1.91b 1.78a 1.82a 2.14c 0.034 < 0.001

SEM, standard error of the mean; FI, feed intake; WG, weight gain; FCR, Feed conversion ratio.
a-c Means followed by different letters in the row differ from each other (p < 0.05) according to the Scott-Knott test.
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highest pH24h value and in the lowest C*. In turn, the h* pa-
rameter indicates the predominant hue of the meat. Thus, 
both the breast and thigh meat of the broilers can be con-
sidered yellow because this color is defined in the color scale 
of the CieL*a*b* system for h* values between 70 and 100 
degrees. However, although in the CieL*a*b* system the h* 
values for the breast and thigh were in the same quadrant, 
the mean h* measured in the breast was 87.31°, which is 
closer to light yellow, whereas the mean h* measured in the 
thigh was 73.8°, which was closer to the orange quadrant.
 In the present study, the mean CL in the breast was 27.96%, 
which is similar to that reported by Betti et al [3], who also 
studied ω-3 enrichment in broiler meat. The CL values of the 
thigh in the present study ranged from 24.57% to 28.94%, 
which is lower than the mean value of 30.6% reported by 
Wan et al [7]. However, in the study by Wan et al [7], the 
mean pH measured in the thighs of the broilers was lower 
(6.08), which may explain the differences between the two 
studies.
 In the thigh, a higher CL was observed when the broilers 
received a diet containing chia seeds. Similarly, the dietary 
chia seed also increased the CL of rabbit meat [28], whose 
muscle fiber composition is similar to that of a broiler thigh. 
However, further studies are needed to understand the mech-
anisms through which chia seed increases the CL in broiler 
thighs.
 Hugo et al [4] and Saleh et al [5] observed increased TBARS 
values in the breast and thigh of broilers fed diets containing 
fish oil, demonstrating that the oxidative stability of the lipids 
present in the meat decreases as the degree of lipid unsatura-
tion increases. In the present study, although the inclusion of 
chia oil in broiler diets increased the deposition of total PUFA 
in the breasts, no change occurred in the TBARS content in 
this cut. According to Marineli et al [8], both the chia oil and 
the seed contain several phenolic compounds with antioxidant 
activity, especially myricetin, quercetin, kaempferol, chloro-
genic acid, and the 3,4-dihydroxyphenylethanol-elenolic 
acid dialdehyde. Therefore, the maintenance of lipid stability 
observed in the breast in the present study can be explained 
by the presence of antioxidant compounds in the chia.
 Contrary to what was observed in the breast, the inclu-
sion of chia oil in the diet of broilers increased both the total 
PUFA deposition and the MDA concentration in the thigh, 
indicating that, in this cut, the action of the antioxidant com-
pounds present in the chia oil was not high enough to avoid 
an increase in lipid peroxidation. This result can be explained 
by the fact that the lipid content in the thigh, on average, 
was 2.5 times higher than in the breast. The higher fat con-
tent of the thigh compared to the breast is due to the higher 
concentration of red muscle fibers in the thigh, which can 
metabolize triacylglycerols for energy production [6].
 According to Rymer and Givens [29], broiler meat with 

higher linolenic acid content is more susceptible to oxida-
tion. In the present study, diets containing chia oil or seed 
resulted in higher deposition of C18:3n-3 in the broiler thigh. 
However, higher MDA content was observed only in the 
thighs of the birds that received the diet containing chia oil, 
indicating that chia oil had lower antioxidant activity than 
chia seed. Marineli et al [8] showed that chia oil has a lower 
amount of antioxidant compounds and a higher rate of au-
toxidation of these compounds than the chia seed, which 
may explain the results observed in the present study.
 The use of roasted whole soybean and chia seeds in the 
diet resulted in higher protein deposition in the breast com-
pared to the dietary use of soybean and chia oils. In diets 
containing roasted whole soybean and chia seed, the inclu-
sion level of the industrial amino-acid L-valine was twice 
that used in the formulation of diets containing soybean oil 
and chia, which may have contributed to the results for pro-
tein deposition in the breast of the broilers. The valine, together 
with leucine and isoleucine, plays an important role in pro-
tein synthesis. According to Wu [30], valine is directly related 
to glutamine synthesis and branched chain amino acid (BCAA) 
balance. According to Watford and Wu [31], a directly pro-
portional relationship exists between intramuscular glutamine 
concentrations and muscle protein synthesis in broilers. In 
addition, simultaneous supplementation of all BCAAs, in-
cluding valine [30], is necessary for leucine to achieve its full 
potential in muscle growth. Therefore, diets containing roasted 
whole soybean or chia seed may have favored glutamine bio-
synthesis and improved the BCAA balance, allowing greater 
protein deposition in the broiler breast.
 The fatty acid composition of the breast and thigh of broilers 
was influenced by the fatty acid profile of the diet, as previously 
reported in the scientific literature [3-5]. When compared to 
diets containing soybean oil, broiler diets formulated with chia 
oil showed α-linolenic acid (C18:3n-3) enrichment in the 
broiler breast and thigh of approximately 336% and 295%, 
respectively. In contrast, the diet containing chia seed, com-
pared to the diet containing roasted whole soybean, resulted 
in an increase in C18:3n-3 of 274% in the breast and 244% in 
the thigh of the broilers. These results may be explained by 
the fact that α-linolenic acid is the major fatty acid in chia oil 
and seeds [8].
 The linoleic acid (C18:2n-6cis) content in the chia was 
lower than that of the soybean. For this reason, the use of 
chia seed or oil in the diets decreased the C18:2n-6cis con-
tent in the broiler breasts and thighs. The inclusion of chia 
oil in the diet, compared to soybean oil, resulted in a 13.1% 
reduction in C18:2n-6cis, both in the breast and in the thigh 
of the broilers. In contrast, the use of chia seed in the diet, 
compared to the dietary supply of roasted whole soybean, 
reduced the C18:2n-6cis by 23.1% in the breast and 19.0% 
in the thigh.
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 The animal organism is able to convert linoleic and α-lino-
lenic acids into more bioactive components, such as linoleic 
acid, which is a precursor of arachidonic acid (ARA, C20: 
4n-6), whereas eicosapentaenoic acid (EPA, C20:5n-3) and 
docosahexaenoic acid (DHA, C22:6n-3) are synthesized from 
α-linolenic acid. However, linoleic and α-linolenic acids com-
pete for the same enzymatic system, especially Δ-6 and Δ-5 
desaturase enzymes, which usually exhibit higher affinity for 
ω-3 fatty acids [32]. In the breast of broilers fed diet con-
taining chia oil or seed, the results suggest a predominant 
activity of desaturases in the metabolic pathway of n-3 fatty 
acids because of the decrease in the ARA concentration and 
concomitant increase in the EPA and DHA concentrations. 
In the thigh, dietary chia also increased the EPA and DHA 
levels, although it did not alter the ARA concentration, dem-
onstrating that the metabolism of fatty acids is not always 
identical when comparing cuts with different muscle fiber 
profiles.
 Compared to the diet containing soybean oil, the diet 
containing chia oil increased the EPA content in the breast 
by approximately 226%, the EPA content in the thigh by 474%, 
the DHA content in the breast by 28.8%, and the DHA con-
tent in the thigh by 89.4%. Compared to the diet containing 
roasted whole soybean, the diet containing chia seed increased 
the EPA content in the breast by approximately 342%, the 
EPA content in the thigh by 379%, the DHA content in the 
breast by 55%, and the DHA content in the thigh by 50.8%. 
Some studies have shown that the concentration of α-linolenic 
acid, EPA and DHA in the meat of broilers may be increased 
with the use of chia seed in the diets [9,10]. However, in the 
cited studies, chia oil as a dietary source of n-3 was not in-
vestigated, and the period of dietary chia supply was longer 
than the 14-day period evaluated in the present study.
 Human food, enriched with ω-3 PUFA, has gained in-
creasing attention from the consumer market due to the 
increasingly widespread knowledge of the beneficial effects 
of these compounds in the promotion of cardiovascular 
health and even in the prevention and treatment of inflam-
matory and autoimmune diseases and cancer [33].
 Human diets with ω-6:ω-3 ratio close to 4:1 help prevent 
the development of obesity and inflammatory and cardio-
vascular diseases [2]. However, human diets in industrialized 
countries have a high ω-6:ω-3 ratio, reaching values higher 
than 20:1 [1]. In this sense, the results of the present study 
are relevant because the use of chia (seed or oil) in the diet 
of broilers in the period from 29 to 42 days of age promoted 
the enrichment of the breast and thigh with ω-3 fatty acids, 
in addition to having reduced the total concentration of ω-6 
fatty acids in these cuts. Compared to the diet containing soy-
bean oil, the diet containing chia oil reduced the Σω-6:Σω-3 
ratio in the breast and thigh by approximately 78.54% and 
77.27%, respectively. Compared to the diet containing roasted 

soybean, the diet containing chia seed reduced the Σω-6:Σω-3 
ratio in the breast and thigh by approximately 77.28% and 
74.41%, respectively.
 The dietary supply of chia seed oil for broilers increased 
the ΣPUFA:ΣSFA ratio in both the breast and thigh meat, 
which is noteworthy because the consumption of SFA can 
increase the plasma low-density lipoprotein content, which 
is a risk factor for cardiovascular diseases [20]. In addition, 
the lower atherogenicity indices were measured in the breast 
of birds fed a diet containing chia oil or roasted whole soy-
bean and in the thigh of the broilers that received the diet 
containing chia oil. Dietary chia, in the form of seed or oil, 
reduced the thrombogenicity index in the thigh and breast 
of broilers. The lower the atherogenicity and thromboge-
nicity indices, the healthier the food can be considered, as 
a reduction in these indices is associated with a lower risk 
of atherosclerosis and other cardiovascular diseases related 
to the lipid composition of the diet [20]. According to Doğan 
et al [34], although modern broiler lines exhibit fast growth 
and better performance, they may exhibit changes in meat 
quality. Therefore, considering the results observed in the 
present study, meat from broilers fed diet containing chia 
can be considered healthier than meat from broilers that 
receive dietary soybean oil. 
 However, the broilers performance was altered by experi-
mental diets. Although the broilers that received dietary chia 
seed consumed more feed, they did not exhibit greater weight 
gain reflecting on worse feed conversion ratio. In aqueous 
medium a mucilage layer is formed surrounding the chia 
seed [8], which creates a physical barrier that can reduce the 
efficiency of digestive enzymes [35] justifying, therefore, the 
results observed in the current study. On the other hand, the 
feed conversion rate of the broilers fed diet containing chia 
oil was better, suggesting that the utilization efficiency of di-
etary chia oil by broilers was higher than the utilization of 
dietary chia seed.

CONCLUSION

The supply of the diet containing 2.5% chia oil for broilers dur-
ing the period from 29 to 42 days of age enriches the breast 
and thigh meat with ω-3 and increases the levels of α-linolenic, 
eicosapentaenoic and docosahexaenoic acids. In addition, 
this diet improves the feed conversion ratio and reduces the 
Σω-6:Σω-3 ratio and the atherogenicity and thrombogenicity 
indices of the broiler meat, providing improvements in the 
nutritional quality of the meat, with consequent health ben-
efits for its consumers. However, future studies to evaluate 
the ideal inclusion level of chia oil in the diet considering 
their economic viability are necessary.



www.ajas.info  1321

Mendonça et al (2020) Asian-Australas J Anim Sci 33:1310-1322

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu-
script.

ACKNOWLEDGMENTS

The authors thank the financial support provided by the 
Conselho Nacional de Desenvolvimento Científico e Tec-
nológico (CNPq), the Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES), the Fundação de Amparo 
à Pesquisa do Estado de Minas Gerais (FAPEMIG), and the 
Instituto Nacional de Ciência e Tecnologia de Ciência Animal 
(INCT-CA). 

REFERENCES 

1. Simopoulos AP. An increase in the omega-6/omega-3 fatty 
acid ratio increases the risk for obesity. Nutrients 2016;8:128. 
https://doi.org/10.3390/nu8030128 

2. Russo GL. Dietary n-6 and n-3 polyunsaturated fatty acids: 
from biochemistry to clinical implications in cardiovascular 
prevention. Biochem Pharmacol 2009;77:937-46. https://doi. 
org/10.1016/j.bcp.2008.10.020 

3. Betti M, Schneider BL, Wismer WV, Carney VL, Zuidhof 
MJ, Renema RA. Omega-3-enriched broiler meat: 2. Func-
tional properties, oxidative stability, and consumer acceptance. 
Poult Sci 2009;88:1085-95. https://doi.org/10.3382/ps.2008- 
00158

4. Hugo A, Els SP, De Witt FH, Van der Merwe HJ, Fair MD. 
Effect of dietary lipid sources on lipid oxidation of broiler 
meat. South Afr J Anim Sci 2009;39(Suppl 1):149-52. https:// 
doi.org/10.4314/sajas.v39i1.61187

5. Saleh H, Rahimi S, Torshizi MK, Golian A. Effect of dietary 
fish oil on oxidative stability and lipid composition of broiler 
chickens breast and thigh meat. J Anim Vet Adv 2010;9:2877-
82. https://doi.org/10.3923/javaa.2010.2877.2882

6. Aberle ED, Forrest JC, Gerrard DE, Mills EW. Principles of 
meat science. 4th ed. NY, USA: Kendall/Hunt Publishing 
Company; 2001.

7. Wan XL, Song ZH, Niu Y, et al. Evaluation of enzymatically 
treated Artemisia annua L. on growth performance, meat 
quality, and oxidative stability of breast and thigh muscles 
in broilers. Poult Sci 2017;96:844-50. https://doi.org/10.3382/ 
ps/pew307 

8. Marineli RS, Moraes EA, Lenquiste AS, Godoy AT, Nogueira 
EMN, Maróstica Jr. MR. Chemical characterization and anti-
oxidant potential of Chilean chia seeds and oil (Salvia hispanica 
L.). LWT - Food Sci Technol 2014;59:1304-10. https://doi. 
org/10.1016/j.lwt.2014.04.014

9. Ayerza R, Coates W, Lauria M. Chia seed (Salvia hispanica 

L.) as an omega-3 fatty acid source for broilers: influence on 
fatty acid composition, cholesterol and fat content of white 
and dark meats, growth performance, and sensory charac-
teristics. Poult Sci 2002;81:826-37. https://doi.org/10.1093/ 
ps/81.6.826

10. Azcona JO, Schang MJ, Garcia PT, Gallinger C, Ayerza Jr. R, 
Coates W. Omega-3 enriched broiler meat: The influence of 
dietary α-linolenic-ω-3 fatty acid sources on growth, perfor-
mance and meat fatty acid composition. Can J Anim Sci 2008; 
88:257-69. https://doi.org/10.4141/CJAS07081 

11. Rostagno HS, Albino LFT, Donzele JL, et al. Brazilian tables 
for poultry and swine: composition of feedstuffs and nutri-
tional requirements. 2nd ed. Viçosa MG, Brazil: Federal Uni-
versity of Viçosa; 2011.

12. Jin F, Nieman DC, Sha W, Xie G, Qiu Y, Jia W. Supplemen-
tation of milled chia seeds increases plasma ALA and EPA 
in postmenopausal women. Plant Foods Hum Nutr 2012;67: 
105-10. https://doi.org/10.1007/s11130-012-0286-0 

13. Nitrayová S, Brestenský M, Heger J, Patráš P, Rafay J, Sirotkin 
A. Aminoacids and fatty acids profile of chia (Salvia hispanica 
L.) and flax (Linum usitatissimum L.) seed. Potravinarstvo 
2014;8:72-6. https://doi.org/10.5219/332 

14. Folch J, Lees M, Sloane Stanley GH. A simple method for the 
isolation and purification of total lipids from animal tissues. 
J Biol Chem 1957;226:497-509. 

15. Hartman L, Lago RC. Rapid preparation of fatty acids methyl 
esters from lipids. Lab Pract 1973;22:475-76.

16. American Meat Science Association. Guidelines for meat color 
evaluation. Champaign, IL, USA: American Meat Science 
Association; 2012.

17. Tarladgis BG, Watts BM, Younathan MT, Dugan Jr. L. A distill-
ation method for the quantitative determination of malonal-
dehyde in rancid foods. J Am Oil Chem Soc 1960;37:44-8. 
https://doi.org/10.1007/BF02630824

18. Anderson S. Determination of fat, moisture, and protein in 
meat and meat products by using the FOSS FoodScan™ Near-
Infrared Spectrophotometer with FOSS artificial neural net-
work calibration model and associated database: collaborative 
study. J AOAC Int 2007;90:1073-83.

19. Malau-Aduli AEO, Siebert BD, Bottema CDK, Pitchford WS. 
A comparison of the fatty acid composition of triacylglycerols 
in adipose tissue from Limousin and Jersey cattle. Aust J Agric 
Res 1997;48:715-22. 

20. Ulbricht TLV, Southgate DAT. Coronary heart disease: seven 
dietary factors. Lancet 1991;338:985-92. https://doi.org/10. 
1016/0140-6736(91)91846-M

21. Adhikari A, Adhikari B, Dhungana SK, et al. Effect of bee 
pollen and probiotics on growth performance, organs, and 
thigh meat pH of broiler cobb 500. J Microbiol Biotechnol 
Food Sci 2017;7:79-82. https://doi.org/10.15414/jmbfs.2017. 
7.1.79-82

22. Braden KW. Converting muscle to meat: the physiology of 



1322  www.ajas.info

Mendonça et al (2020) Asian-Australas J Anim Sci 33:1310-1322

rigor. In: Kerth CR, editor. The science of meat quality. Hoboken 
NJ, USA: Wiley-Blackwell; 2013. p. 79-98.

23. Suman SP, Joseph P. Myoglobin chemistry and meat color. 
Annu Rev Food Sci Technol 2013;4:79-99. https://doi.org/ 
10.1146/annurev-food-030212-182623 

24. El Rammouz R, Babilé R, Fernandez X. Effect of ultimate 
pH on the physicochemical and biochemical characteristics 
of turkey breast muscle showing normal rate of postmortem 
pH fall. Poult Sci 2004;83:1750-7. https://doi.org/10.1093/ 
ps/83.10.1750 

25. Ixtaina VY, Martínez ML, Spotorno V, et al. Characterization 
of chia seed oils obtained by pressing and solvent extraction. 
J Food Compost Anal 2011;24:166-74. https://doi.org/10. 
1016/j.jfca.2010.08.006 

26. Amato M, Caruso MC, Guzzo F, et al. Nutritional quality of 
seeds and leaf metabolites of Chia (Salvia hispanica L.) from 
Southern Italy. Eur Food Res Technol 2015;241:615-25. https:// 
doi.org/10.1007/s00217-015-2488-9 

27. Bridi AM, Fonseca NAN, Silva CA, et al. Indicators of stress 
and quality meat in broilers slaughtered by the “Halal”. Semina: 
Ciênc Agrár 2012;33:2451-60. https://doi.org/10.5433/1679- 
0359.2012v33n6p2451 

28. Meineri G, Cornale P, Tassone S, Peiretti PG. Effects of Chia 
(Salvia hispanica L.) seed supplementation on rabbit meat 
quality, oxidative stability and sensory traits. Ital J Anim Sci 
2010;9:e10. https://doi.org/10.4081/ijas.2010.e10 

29. Rymer C, Givens DI. n-3 fatty acid enrichment of edible tissue 

of poultry: a review. Lipids 2005;40:121-30. https://doi.org/ 
10.1007/s11745-005-1366-4

30. Wu G. Amino acids: metabolism, functions, and nutrition. 
Amino Acids 2009;37:1-17. https://doi.org/10.1007/s00726- 
009-0269-0 

31. Watford M, Wu G. Glutamine metabolism in uricotelic species: 
variation in skeletal muscle glutamine synthetase, glutaminase, 
glutamine levels and rates of protein synthesis. Comp Biochem 
Physiol B Biochem Mol Biol 2005;140:607-14. https://doi.org/ 
10.1016/j.cbpc.2004.12.009 

32. Jing M, Gakhar N, Gibson RA, House JD. Dietary and ontogenic 
regulation of fatty acid desaturase and elongase expression 
in broiler chickens. Prostaglandins Leukot Essent Fatty Acids 
2013;89:107-13. https://doi.org/10.1016/j.plefa.2013.05.006 

33. Manson JE, Cook NR, Lee I-M, et al. Marine n−3 fatty acids 
and prevention of cardiovascular disease and cancer. N Engl 
J Med 2019;380:23-32. https://doi.org/10.1056/NEJMoa181 
1403

34. Doğan SC, Baylan M, Bulancak A, Ayaşan T. Differences in 
performance, carcass characteristics and meat quality between 
fast- and slow-growing broiler genotypes. Progress in Nutrition 
2019;21:558-65. https://doi.org/10.23751/pn.v21i3.7747

35. Alzueta C, Rodríguez ML, Cutuli MT, et al. Effect of whole 
and demucilaged linseed in broiler chicken diets on digesta 
viscosity, nutrient utilisation and intestinal microflora. Br 
Poult Sci 2013;44:67-74. https://doi.org/10.1080/000716603 
1000085337 


