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Abstract: The effects of Tagetes erecta flower extract (TFE) and increasing levels of vitamin E (VE)
in the diet of Japanese quail breeders on progeny performance and oxidative status were studied.
Methods: 480 Japanese quail breeders were distributed in a completely randomized design with five
treatments and twelve replications of six females and two males each. A control diet (25 mg/kg
VE) and four diets supplemented with TFE (3 g/kg) and VE (25, 100, 175, or 250 mg/kg) were used.
Fresh yolk samples and the yolk sac and liver from embryos (11 and 15 days) and chicks (hatch and
3 days) were analysed. Data were subjected to ANOVA, a regression linear model, and contrast tests
and the level of significance was set at p < 0.05. Results: TF and VE in the maternal diet improved
the amount of alfa-tocopherol and total carotenoid content in the yolk. TFE + VE reduced lipid
peroxidation and improved the oxidative status in the fresh yolk, in the embryo and chick yolk, and
in the liver. Liver superoxide dismutase activity in hatched chicks increased linearly with the VE level
and was not altered by TFE. Maternal diets did not influence progeny performance (1 to 28 days)
or the relative expression of superoxide dismutase or glutathione peroxidase genes in the liver of
chicks. Conclusions: TFE is an effective antioxidant in fresh eggs and supplementation of 3 g/kg
TFE and high levels of VE in quail breeders improves the oxidative status of embryos and newly
hatched chicks.

Keywords: Coturnix japonica; α-tocopherol; antioxidant; incubation; xanthophyll

1. Introduction

Japanese quails (Coturnix coturnix japonica) are known for their sexual precocity, short
generation intervals, small size, and high egg productivity [1]. These characteristics make
them attractive to both the poultry industry and the scientific community because they are
good models for avian studies.

Similar to other avian species, quail eggs contain polyunsaturated fatty acids, which
increase egg susceptibility to oxidative processes induced by reactive oxygen species (ROS).
ROS generation is intensified during incubation, predisposing embryos to DNA, protein,
lipid, and carbohydrate damage. Such effects may lead to a series of chain reactions that
affect growth, development, and reproduction [2]. High exposure to ROS may, thus, impair
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embryonic development and affect the quality of hatched chicks [3,4]. Embryo protection
during incubation depends on the antioxidant reserves of the yolk.

Fat-soluble antioxidants can be easily transferred from maternal diets to the yolk
and accumulate in embryonic tissues [5,6]. Previous studies have investigated the use
of different sources of carotenoids and vitamins in breeder diets as a strategy to reduce
peroxidation processes in breeders, eggs, and chicks [7,8]. Vitamin E (VE) is a fat-soluble
compound well known for its antioxidant effect. The vitamin neutralises fatty acid per-
oxyl radicals, thereby protecting membranes and lipoproteins [9]. During incubation, VE
molecules in the yolk accumulate in embryonic tissues, protecting embryos and chicks
against ROS during embryonic and post-hatch development. In the first days of life, chicks
have difficulty assimilating dietary VE [5]; therefore, VE reserves transferred from the
maternal diet become an important source of antioxidant protection for chicks.

The association of VE with other antioxidants, such as carotenoids, may be an inter-
esting alternative to reduce the use of the vitamin during oxidative processes and ensure
high VE concentrations in tissues after hatching. Supplementation with the carotenoid
canthaxanthin resulted in higher liver VE levels at 1 and 7 days after hatching [10]. These
results are important because liver VE concentrations decrease by up to 10 times in chicks
at 10 days post-hatching [11]. Carotenoids and VE may also interact through VE recycling.
Bohm et al. [12] observed in vitro that carotenoids, such as β-carotene, canthaxanthin,
lutein, and zeaxanthin, are good electron donors.

Carotenoids are pigments produced by plants that, when used as supplements in
bird diets, accumulate in tissues and intensify egg colour. This compound class comprises
hydrocarotenes (e.g., β-carotenes) and oxycarotenes (e.g., xanthophylls). Xanthophylls such
as lutein and zeaxanthin are known for their high antioxidant capacity in birds [13]. These
xanthophylls are in the flowers of Tagetes erecta. Commercial extracts of the plant have
been tested as dietary supplements for enhancing egg yolk colour [14,15]. However, little
is known about the antioxidant effects of T. erecta flower extract (TFE) during embryonic
development.

In this study, the hypothesis that the association of VE with TFE improves the oxida-
tive status of quail embryos was tested. The aim was to evaluate the effects of dietary
supplementation of Japanese quail breeders with TFE and increasing levels of VE on the
oxidative status and performance of their offspring.

2. Materials and Methods
2.1. Assessment of the Antioxidant Status (Experiment I)
2.1.1. Animals and Their Management

A total of 480 Japanese quail breeders (360 females and 120 males) aged 14 weeks
were used in the experiment. Birds were housed in galvanized iron cages (25 × 39 cm,
121 cm2/bird) equipped with nipple drinkers and trough feeders in a laying pen. Quail were
previously selected by egg production and body weight (mean weight of females = 163.19 g,
mean weight of males = 137.96 g). The photoperiod was maintained at 17 h of light
(natural and artificial) to stimulate egg laying. Food and water were provided ad libitum in
all experiments.

2.1.2. Experimental Diets

Japanese quail breeders (n = 480) were distributed in a completely randomized design,
with 5 treatments (diets) and 12 replications (cages) of 8 birds each (6 females and 2 males).
The experimental diets were as follows: a control diet containing 25 mg/kg VE and four
diets supplemented with 3 g/kg TFE + 25, 100, 175, or 250 mg/kg VE. Tocopherol acetate
(500 g of tocopherol per kilogram of product; BASF®, Hong Kong, China) was used as
the source of VE. Diets were based on corn and soybean meal (Table 1) and formulated
according to Brazilian guidelines on the nutritional requirements of laying quail [16]. For
VE, the NRC [17] recommendation was used (25 mg VE/kg feed). Diets were provided in
meal form.
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Table 1. Ingredient composition of experimental diets for Japanese quail (Coturnix coturnix japonica)
breeders and chicks during the starter and grower phases.

Ingredients (%)

Laying Chicks

3 g TFE Initial
(1–14 day)

Growth
(15–28 day)25 mg VE 25 mg VE 100 mg VE 175 mg VE 250 mg VE

Corn 57.09 57.09 57.09 57.09 57.09 54.03 58.55
Soybean meal (45% PB) 30.86 30.86 30.86 30.86 30.86 38.90 35.94
Soybean oil 1.80 1.80 1.80 1.80 1.80 2.23 1.28
Dicalcium phosphate 1.28 1.28 1.28 1.28 1.28 2.20 1.75
Limestone 7.17 7.17 7.17 7.17 7.17 1.05 0.89
Salt 0.32 0.32 0.32 0.32 0.32 0.43 0.46
DL-Methionine (99%) 0.41 0.41 0.41 0.41 0.41 0.15 0.12
L-Lysine HCl (78%) 0.27 0.27 0.27 0.27 0.27 0.01 0.01
Vit–Mineral Supplement (laying) 1 0.4 0.4 0.4 0.4 0.4 - -
Vit–Mineral Supplement (chicks) 2 - - - - - 1.0 1.0
Tocopherol acetate (Basf®) 0 0 0.015 0.030 0.045 - -
Tagetes erecta floral extract (TFE) 0 0.3 0.3 0.3 0.3 - -
Inert (Caulim) 0.4 0.1 0.085 0.070 0.055 - -

Calculed composition (%)

Crude Protein (N × 6.25) 19.00 19.00 19.00 19.00 19.00 22.00 21.00
AME (Kcal/Kg) 2800 2800 2800 2800 2800 2900 2900
Met (digestible) 0.66 0.66 0.66 0.66 0.66 0.447 0.41
Met + Cys (digestible) 0.92 0.92 0.92 0.92 0.92 0.744 0.69
Lys (digestible) 1.10 1.10 1.10 1.10 1.10 1.095 1.03
Sodium 0.16 0.16 0.16 0.16 0.16 0.205 0.21
Calcium 3.18 3.18 3.18 3.18 3.18 1.092 0.91
Phosphorus (disponible) 0.33 0.33 0.33 0.33 0.33 0.513 0.43

1 Provided per kg of diet—Vitamin A 10,000 UI; Vitamin D3: 2000 UI; Vitamin E: 25 mg; Vitamin K3: 3 mg; Vitamin
B1: 2.5 mg; Vitamin B2: 6 mg; Vitamin B6: 5 mg; Vitamin B12: 20 mg; Calcium Pantothenate: 12 mg; Niacin: 24 mg;
Folic Acid: 1 mg; Biotin: 0.2 mg; Colin: 0.3 g; Zn: 52 mg; Fe: 52 mg; Mn: 60 mg; Cu: 12 mg; I: 1 mg; Co: 0.2 mg;
Se: 0.25 mg; Etoxim®: 0.1 mg; and Hydroxyanisole Butylate (BHA): 0.8 mg. 2 Provided per kg of diet—Vitamin
A 9310 UI; Vitamin D3: 1890 UI; Vitamin E: 15 mg; Vitamin K3: 1.56 mg; Vitamin B1: 1.5 mg; Vitamin B2: 5 mg;
Vitamin B6: 3.1 mg; Vitamin B12: 12 mg; Calcium Pantothenate: 12.5 mg; Niacin: 30 mg; Folic Acid: 0.75 mg;
Biotin: 0.04 mg; Colin: 450 mg; Zn: 50 mg; Fe: 50 mg; Mn: 60.5 mg; Cu: 6 mg; I: 0.77 mg; Se: 0.25 mg; Zinc
Bacitracin: 22 mg; and Butyl hydroxytoluene (BHT): 15 mg.

2.1.3. Sample Collection

Fertile eggs were collected and incubated in a vertical incubator. The incubation
conditions (Labo 13, Petersime®, Zulte, Belgium) were 37.4 ◦C and 60% relative humidity
with automatic turning for up to 14.5 days. The hatching chamber (Labo 9, Petersime®)
was set at 37.0 ◦C and 70% relative humidity.

Yolk sac and liver samples were collected from embryos and chicks to evaluate lipid
peroxidation and oxidative status. Yolk samples were collected from fresh (unincubated)
eggs. Samples of yolk sacs were collected from eggs in the embryonic phase (11 and 15 days
of incubation), and samples of residual yolk sacs were collected from 1-day-old chicks.
Liver samples were obtained from 15-day-old embryos and 1- and 3-day-old chicks. Each
sample comprised a pool of five yolks, yolk sacs, or livers. After collection, samples were
immediately frozen in liquid nitrogen, stored in an ultrafreezer at −80 ◦C, freeze-dried,
and stored at −20 ◦C until use.

Liver samples were collected from 1-day-old chicks (n = 5 birds per treatment) for
analysis of α-tocopherol content and gene expression. Samples were placed in RNase-free
cryotubes, frozen in liquid nitrogen, and stored in an ultrafreezer at −80 ◦C until analysis.

2.1.4. Determination of α-Tocopherol

The dosage of α-tocopherol was performed in the yolk of fresh eggs, analysing five
samples per treatment, each sample composed of a pool of five yolks. In the liver of
1-day-old chicks, the dosage of α-tocopherol was performed in 5 birds/treatment. The
measuring of the α-tocopherol followed the methodology described by McMurray et al. [18]
with modifications. For this, approximately 100 mg of fresh eggs (without perivitelline
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membrane) or liver (frozen at −80 ◦C) were added to 2 mL of pyrogallic acid (1% w/v
in ethanol) as an antioxidant, and the samples were then saponified with potassium
hydroxide (0.4 mL; 50% w/v in distilled water) in a hot bath at 70 ◦C for 30 min. After
cooling the samples, 4 mL of hexane was added, followed by vortex mixing for 5 min.
Distilled water (10 mL) was added, followed by stirring and centrifugation at 1000 rpm
for 10 min. The supernatant was collected and dried in nitrogen gas (N2), and the dry
fraction was redissolved in methanol for HPLC (J. T. Baker®, Phillipsburg, NJ, USA)
(1–2 mL), filtered, and transferred to a vial. Approximately 10 µL of extract was used for
injection on C18 HPLC (Waters®, Waters Alliance e2695, Milford, MA, USA) columns, 5 mm,
(15 cm × 4.6 mm) (Thermo Scientific™, Waltham, MA, USA). Acetinitrile:methanol (90:10;
v/v) was used as the mobile phase with a fluctuation rate of 1 mL/min. Detection was
performed using a fluorescence detector (Waters®, Waters 2475, Milford, MA, USA), with
wavelengths of 295 nm (excitation) and 330 nm (emission). Standard solutions (in methanol)
of α-tocopherol (Sigma-Aldrich, Saint Louis, MO, USA) were used for calibration of the
equipment and as an analytical standard. To calculate the α-tocopherol concentration, the
peak area of the samples was measured and compared with the standard solutions. Results
are expressed in µg of α-tocopherol/mg of tissue.

2.1.5. Determination of Total Carotenoids

Total carotenoids were determined in yolk samples (n = 4 pools of 5 yolks per treat-
ment) using the method of Rodriguez-Amaya and Kimura [19]. Freeze-dried samples
(1 g) were ground in acetone. The mixture was filtered, and the retained material was
subjected to successive extractions with acetone. Filtrates were collected into a separatory
funnel containing 30 mL of petroleum ether and washed with distilled water until the
aqueous phase was clear. Then, the aqueous phase was discarded. The organic phase
was transferred to a 50 mL volumetric flask, and the volume was filled with phosphate
ether. Absorbance was measured at 450 nm using a UV-Vis spectrophotometer (Thermo
Scientific™, Evolution™ 300-UV-VIS, Waltham, MA, USA). Total carotenoid content is
expressed in β-carotene equivalents.

2.1.6. Determination of Lipid Peroxidation

Lipid peroxidation in the yolk, yolk sac, and liver of embryos and chicks was deter-
mined using the thiobarbituric acid-reactive substances (TBARS) method, adapted from
Vital et al. [20], which measures malondialdehyde (MDA) production. Five pools of five
samples each were analysed per treatment. For this, 100 to 500 mg of freeze-dried material
was homogenized with a solution containing 15% trichloroacetic acid (TCA), 0.1% ethylene-
diaminetetraacetic acid (EDTA), and 0.1% gallic acid and centrifuged at 4 ◦C and 3000 rpm
(MPW Med. Instruments, MPW-351R, Varsóvia, Poland) for 15 min. The supernatant was
collected. Then, thiobarbituric acid (TBA) solution (1% TBA, 562.5 µM of HCl and 15% TCA
in distilled water) and extract were added (1:1 v/v ratio) to a tube protected from light, and
the samples were incubated in a water bath at 100 ◦C for 15 min. Samples were allowed to
cool, and the absorbance was read spectrophotometrically at 532 nm. The TBARS results
were calculated against a standard curve of 1 mM 1,1,3,3-tetramethoxypropane (TMP) and
are expressed in µg MDA/g freeze-dried sample.

2.1.7. Determination of Oxidative Status

Five pools of five samples (yolk, yolk sac, or liver of embryos or chicks) were analysed
per treatment. Briefly, 100 mg of freeze-dried material was diluted to 1:19 (w/v) in methanol,
homogenized, and centrifuged at 3000 rpm for 20 min. The supernatant was evaluated
for DPPH• (2,2-Diphenyl-1-picrylhydrazyl, Sigma-Aldrich, D9132, Saint Louis, EUA) scav-
enging activity (%) according to a method adapted from Li et al. [21]. A 150 µL aliquot
of sample extract was mixed with 2850 µL of a 60 µM solution of DPPH• in methanol.
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Absorbance was measured at 515 nm at the beginning of the reaction and after 30 min of
light exposure. DPPH• scavenging activity was calculated using Equation (1):

DPPH radical scavenging activity =

(
1−

( Asample

ADPPH

))
× 100 (1)

where Asample is the sample absorbance after 30 min and ADPPH is the absorbance of the
DPPH• solution.

ABTS•+ (2,2′-Azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt)
scavenging activity was determined following the method of Re et al. [22], with modifica-
tions. A stock solution (5 mL, 7 mM) of ABTS•+ (Sigma-Aldrich, A1888, Saint Louis, EUA)
in potassium persulfate (88 µL, 140 mM) was prepared and incubated under light for 16 h
at 25 ◦C. Then, the solution was diluted to 1:50 (v/v) in ethanol to reach an absorbance
of 0.70 ± 0.05 at 734 nm. Methanolic extract (40 µL) and ABTS•+ solution (1960 µL) were
added to a quartz cuvette, and the absorbance was read after 0 and 6 min of light exposure.
ABTS•+ radical scavenging activity (%) was calculated as follows (Equation (2)):

ABTS radical scavenging activity =

(
1−

( Asample

AABTS

))
× 100 (2)

where Asample is the sample absorbance after 6 min and AABTS is the absorbance of the
ABTS•+ solution.

2.1.8. Determination of Superoxide Dismutase (SOD) Activity

SOD activity in the livers of newly hatched chicks (n = 5 birds per treatment) was
determined using a method based on the ability of SOD to inhibit pyrogallol autoxidation,
which was adapted from Marklund and Marklund [23]. Approximately 180 mg of frozen
tissue (−80 ◦C) was homogenized in buffer solution (Tris-HCl 200 mM + EDTA 2 mM;
pH 8.2) and centrifuged (10,000 rpm, 4 ◦C, 10 min). An aliquot of the supernatant (≥0.5 mg
protein/mL), buffer solution, and pyrogallol (70 µL, 15 mM) were added directly to a
quartz cuvette using a spectrophotometer. The absorbance was read at 420 nm for 180 s.
Results are expressed in units of enzyme activity (U)/mg protein.

2.1.9. Total RNA Extraction and Real-Time Quantitative Polymerase Chain Reaction (qPCR)

Liver samples from 1-day-old chicks (n = five per treatment) were collected, immedi-
ately frozen in liquid nitrogen, and stored in a freezer at −80 ◦C until total RNA extraction.
Total RNA was extracted using Trizol (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. The procedures used for extraction and real-time PCR reac-
tions were the same as those described by Bonagurio et al. [7], except for cDNA synthesis in
which the High Capacity cDNA Reverse Transcription kit (Applied Biosystems, Waltham,
MA, USA) was used. All analyses were performed in a volume of 20 µL and in dupli-
cates. The relative expression of GPX7 and SOD1 genes was calculated using the 2−∆∆Ct

method [24].

2.2. Progeny Performance (Experiment II)
2.2.1. Experimental Design and Animals

A total of 1250 (n = 250 per treatment) fertile eggs were collected and incubated in
a vertical incubator (Labo 13, Petersime®) using a single-stage program (60% relative
humidity and 37.4 ◦C) with automatic turning every 60 min. After 348 h of incubation, the
eggs were transferred to a hatching chamber (Labo 9, Petersime®) for 72 h (37.0 ◦C and
70% humidity). After hatching, 1000 chicks were selected (mixed batch) and distributed
in a completely randomized design, with 5 treatments and 4 replications (50 birds per
experimental unit). Performance was evaluated by determining daily weight gain (g), daily
feed consumption (g), and feed conversion from 1 to 28 days of age, 1 to 14 days of age
(starter phase), and 15 to 28 days of age (grower phase).
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2.2.2. Animal Management and Diet

Birds were housed in a conventional shed, in boxes (2.5 × 1 m) with rice hull bedding.
Nipple drinkers were used during the first week post-hatch, followed by bell drinkers.
A tube feeder was used to supply the feed, and infrared lamps were used for heating
during the first 15 days. The initial temperature was set at 35 ◦C and then reduced to
room temperature. Given that the experiment (1–28 days) was conducted under decreasing
photoperiods (April to May), the birds remained under natural lighting.

All birds received the same diet, allowing evaluation of the residual effects of breeder
diets. Starter and grower diets were based on the food composition and nutritional require-
ments of quail chicks in the growth phase described in the Brazilian Tables for Poultry and
Swine [17] (Table 1).

2.3. Statistical Analysis

Data were subjected to analysis of variance using SAS software. The level of signifi-
cance was set at p < 0.05. The effects of diets containing VE and TFE were assessed using
regression analysis.

Orthogonal contrast analyses were performed to evaluate TFE effects. When the effect
of VE (regression analysis) was significant (p < 0.05), only the control diet (25 mg/kg VE)
was compared with the diet containing 25 mg/kg VE + 3 g/kg TFE, as shown in equation
(Equation (3)):

C2 = µ2−µ1 (3)

where µ2 is the diet supplemented with 25 mg/kg VE + 3 g/kg TFE and µ1 is the control diet.
When the effect of VE (regression analysis) was not significant (p > 0.05), the control

diet was compared with the mean of the VE + TFE diets (Equation (4)):

C2 =
µ2 + µ3 + µ4 + µ5

4
− µ1 (4)

where µ3, µ4, and µ5 are the diets supplemented with 100, 175, and 250 mg/g VE, respec-
tively, +3 g/kg TFE.

3. Results
3.1. α-Tocopherol and Carotenoid Levels

Concentrations of α-tocopherol in the yolk (Figure 1a) and liver of newly hatched
chicks (Figure 1b) increased linearly with increasing VE levels in breeder diets. TFE did not
affect α-tocopherol concentration in the yolk or liver, as assessed using contrast analysis
between diets supplemented with 25 mg/kg VE (control) and 25 mg/kg VE + 3 g/kg TFE.
Supplementation with TFE increased the total carotenoid content in freeze-dried yolk from
19.03 ± 0.67 µg/g to 53.48 ± 0.98 µg/g (Figure 2).

3.2. TBARS and Oxidative Status

Increasing levels of VE led to linear reductions in lipid peroxidation in the yolk sac
and liver of embryos and chicks (Table 2). In fresh yolk, peroxidation was estimated to
reach the lowest level in supplementation with 189 mg/kg VE. Contrast analysis between
the control diet and the diet supplemented with 25 mg/kg VE + 3 g/kg TFE showed that
TFE supplementation decreased lipid peroxidation in the yolk, but no effects were exerted
on the yolk sac or liver of embryos/chicks.

DPPH• scavenging activity in embryo yolk, liver (1 and 3 days of incubation), and
yolk sac (15 days of incubation) increased linearly with VE supplementation level (Table 3),
indicating an improvement in of the oxidative status. In the yolk sac of 11-day-old embryos
and the residual yolk sacs of 1-day-old chicks, there was an increasing quadratic effect of
VE level on DPPH• scavenging activity. Contrast analysis (control vs. diet supplemented
with 25 mg/g VE + 3 g/kg TFE) demonstrated that TFE alone did not improve the oxidative
status of the yolk, yolk sac, or liver.
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13.07); (b): ŷ = −2.40333 + 3.72373VE (R2 = 0.94; p < 0.001, SEM = 51.17). 
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of embryos and chicks from Japanese quail breeders supplemented with different levels of vitamin 
E associated or not with Tagetes erecta flower extract. 

TBARS (µg MDA/g Freeze-Dried Sample) 
  3 g TFE 

Mean 
VE + TFE 1 

 p-Value 

 
25 mg  

VE 
25 mg  

VE 
100 mg 

VE 
175 mg 

VE 
250 mg 

VE SEM L Q C 2 

Egg yolk and yolk sac           
Egg yolk 1.10 0.94 0.66 0.57 0.65 0.69 0.07 0.002 <0.001 0.023 
Embryo yolk sac (11 day) 2.83 2.89 1.99 1.87 1.10 1.96 0.136 <0.001 0.563 0.595 
Embryo yolk sac (15 day) 5.73 5.73 4.75 4.52 3.83 4.71 0.263 <0.001 0.325 0.991 

*

Figure 1. α-Tocopherol concentrations (µg/g) (mean ± standard deviation) in fresh egg yolk (a) and
liver (b) of 1-day-old chicks from Japanese quail breeders supplemented with different levels of
vitamin E associated or not with Tagetes erecta flower extract. ns: not significant (p > 0.05) for contrast
test between 25VE vs. 25VE + TFE. (a): ŷ = 22.3989 + 0.78338VE (R2 = 0.93; p < 0.001, SEM = 13.07);
(b): ŷ = −2.40333 + 3.72373VE (R2 = 0.94; p < 0.001, SEM = 51.17).
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Table 2. Lipid peroxidation (malondialdehyde concentration, µg/g), in the yolk, yolk sac, and liver
of embryos and chicks from Japanese quail breeders supplemented with different levels of vitamin E
associated or not with Tagetes erecta flower extract.

TBARS (µg MDA/g Freeze-Dried Sample)

3 g TFE p-Value

25 mg
VE

25 mg
VE

100 mg
VE

175 mg
VE

250 mg
VE

Mean
VE + TFE 1 SEM L Q C 2

Egg yolk and yolk sac
Egg yolk 1.10 0.94 0.66 0.57 0.65 0.69 0.07 0.002 <0.001 0.023
Embryo yolk sac (11 day) 2.83 2.89 1.99 1.87 1.10 1.96 0.136 <0.001 0.563 0.595
Embryo yolk sac (15 day) 5.73 5.73 4.75 4.52 3.83 4.71 0.263 <0.001 0.325 0.991
Chick yolk sac (1 day) 5.55 5.56 4.94 3.43 3.11 4.21 0.439 <0.001 0.473 0.981

Liver
Embryo (15 day) 5.38 5.40 4.81 4.74 4.51 4.86 0.116 <0.001 0.026 0.823
Chick (1 day) 3.49 3.37 3.31 3.08 2.81 3.14 0.131 <0.001 0.093 0.206
Chick (3 day) 3.28 3.36 3.34 2.52 2.43 2.92 0.194 <0.001 0.806 0.550

Regression equations R2 Point max./min.

Egg yolk and yolk sac
Egg yolk: 1.06424 − 0.0053VE + 0.000014VE2 0.90 189
Embryo yolk sac (11 day): 2.0933 − 0.0072VE 0.89 -
Embryo yolk sac (15 day): 5.9773 − 0.0079VE 0.86 -
Chick yolk sac (1 day): 5.8806 − 0.0119VE 0.82 -

Liver
Embryo (15 day): 5.5542 − 0.0078VE + 0.0000153VE2 0.85 255
Chick (1 day): 3.49977 − 0.0025VE 0.75 -
Chick (3 day): 3.57690 − 0.0048VE 0.75 -

VE: Vitamin E; TFE: Tagetes erecta floral extract; L: Linear; Q: Quadratic; C: Contrast. 1 Mean between TFE diets.
2 25VE vs. 25VE + TFE.
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Table 3. DPPH• scavenging activity (%) in the yolk, yolk sac, and liver of embryos and chicks (n = 5)
from Japanese quail breeders supplemented with different levels of vitamin E associated or not with
Tagetes erecta flower extract.

DPPH (% Radical Scavenging)

3 g TFE p-Value

25 mg
VE

25 mg
VE

100 mg
VE

175 mg
VE

250 mg
VE

Mean
VE + TFE 1 SEM L Q C 2

Egg yolk and yolk sac
Egg yolk 13.91 15.83 20.84 29.14 33.06 24.71 2.22 <0.001 0.641 0.189
Embryo yolk sac (11 day) 18.17 18.65 26.32 31.37 33.01 27.35 1.91 <0.001 0.002 0.699
Embryo yolk sac (15 day) 16.78 17.32 34.24 41.66 64.64 39.63 2.83 <0.001 0.153 0.766
Chick yolk sac (1 day) 38.67 40.02 59.21 82.33 80.74 65.00 3.43 <0.001 <0.001 0.543

Liver
Chick (1 day) 50.23 50.55 68.5 76.66 89.63 70.11 2.58 <0.001 0.127 0.856
Chick (3 day) 32.64 31.14 34.19 37.53 38.69 35.38 2.18 <0.001 0.377 0.346

Regression equations R2 Point max./min.

Egg yolk and yolk sac
Egg yolk: 13.7155 + 0.080VE 0.88 -
Embryo yolk sac (11 day): 15.3416 + 0.1374VE − 0.00026VE2 0.91 264.38
Embryo yolk sac (15 day): 11.9700 + 0.2012VE 0.94 -
Chick yolk sac (1 day): 28.2976 + 0.4453VE − 0.00092VE2 0.95 241.11

Liver
Chick (1 day): 48.0057 + 0.1688VE 0.95 -
Chick (3 day): 30.6226 + 0.0346VE 0.69 -

VE: Vitamin E; TFE: Tagetes erecta floral extract; L: Linear; Q: Quadratic; C: Contrast. 1 Mean between TFE diets.
2 25VE vs. 25VE + TFE.

The ABTS assay revealed a positive linear effect of the VE level on ABTS•+ scavenging
activity in all evaluated tissues (Table 4). Inclusion of TFE increased ABTS•+ scavenging
activity in yolk, as demonstrated by contrast analysis. However, no effects of TFE on
scavenging activity were observed in the yolk sac or liver of embryos/chicks.

Table 4. ABTS•+ scavenging activity (%) in the yolk, yolk sac, and liver of embryos and chicks from
Japanese quail breeders supplemented with different levels of vitamin E associated or not with Tagetes
erecta flower extract.

ABTS (% Radical Scavenging)

3 g TFE p-Value

25 mg
VE

25 mg
VE

100 mg
VE

175 mg
VE

250 mg
VE

Mean
VE + TFE 1 SEM L Q C 2

Egg yolk and yolk sac
Egg yolk 13.58 15.92 17.15 21.50 23.66 19.56 1.40 <0.001 0.532 0.016
Embryo yolk sac (11 day) 24.05 26.04 33.02 35.29 39.94 33.74 2.63 <0.001 0.213 0.248
Embryo yolk sac (15 day) 26.33 28.25 34.99 42.73 49.43 36.68 2.49 <0.001 0.132 0.240
Chick yolk sac (1 day) 40.92 41.44 41.70 60.16 67.55 51.47 3.32 <0.001 0.081 0.807

Liver
Chick (1 day) 57.94 58.87 63.29 68.65 76.39 66.59 1.82 <0.001 0.103 0.458
Chick (3 day) 34.44 34.57 37.78 43.85 49.57 41.45 2.17 <0.001 0.201 0.934

Regression equations R2

Egg yolk and yolk sac
Egg yolk: 14.5059 + 0.0367VE 0.80
Embryo yolk sac (11 day): 25.7661 + 0.0580VE 0.78
Embryo yolk sac (15 day): 21.3283 + 0.1116VE 0.88
Chick yolk sac (1 day): 34.9684 + 0.1277VE 0.82

Liver
Chick (1 day): 56.1226 + 0.0774VE 0.91
Chick (3 day): 32.0848 + 0.0681VE 0.91

VE: Vitamin E; TFE: Tagetes erecta floral extract; L: Linear; Q: Quadratic; C: Contrast. 1 Mean between TFE diets.
2 25VE vs. 25VE + TFE.
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SOD activity increased linearly with increasing levels of VE (Figure 3), but TFE did
not exert significant effects.
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not exert significant effects. 

 
Figure 3. Superoxide dismutase activity in the liver of chicks from Japanese quail breeders 
supplemented with different levels of VE associated or not with Tagetes erecta flower extract. ŷ = 
0.5805 + 0.00141VE (R2 = 0.68; p < 0.001, SEM = 0.08). ns: not significant (p > 0.05) for contrast test 
between 25VE vs. 25VE + TFE. 

Figure 3. Superoxide dismutase activity in the liver of chicks from Japanese quail breeders supple-
mented with different levels of VE associated or not with Tagetes erecta flower extract. ŷ = 0.5805 +
0.00141VE (R2 = 0.68; p < 0.001, SEM = 0.08). ns: not significant (p > 0.05) for contrast test between
25VE vs. 25VE + TFE.

The relative expression of SOD1 and GPX7 in the livers of 1-day-old chicks were
determined via qPCR (Figure 4A,B). Analyses showed that there were no effects of maternal
diet (VE level or TFE supplementation) on relative gene expression.
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Figure 4. Real-time quantitative PCR of the liver of 1-day-old chicks from Japanese quail breeders
supplemented with different levels of vitamin E associated or not with Tagetes erecta flower extract.
Relative gene expression: (A) glutathione peroxidase (GPX7); (B) superoxide dismutase (SOD1).

3.3. Progeny Performance

Progeny performance at 1–14, 15–28, and 1–28 days was not affected by breeder
supplementation with increasing VE levels and/or TFE (Table 5). Thus, supplementation of
breeders with increasing VE levels and TFE did not influence chick weight at 14 or 28 days,
feed consumption, weight gain, feed conversion, or viability. At 28 days of age, quail chicks
exhibited a mean body weight of 111.26 g, cumulative feed consumption of 299.26 g, and
feed conversion of 2.89 g/g.
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Table 5. Productive performance (mean ± standard deviation) of the progeny of Japanese quail
breeders (21 weeks of age) supplemented with different levels of vitamin E associated or not with
Tagetes erecta flower extract.

3 g TFE p-Value

Variable 25 mg
VE

25 mg
VE

100 mg
VE

175 mg
VE

250 mg
VE

Mean
VE + TFE 1 SEM L Q Contrast 2

Initial, 1 a 14 day
BW at 14 day, g 53.41 52.90 52.80 53.60 53.55 53.21 0.96 0.186 0.431 0.661
Feed intake, g 104.60 103.91 104.22 103.14 105.79 104.26 3.14 0.540 0.652 0.815
BW gain, g 45.48 44.94 44.75 45.58 45.55 45.21 0.93 0.200 0.447 0.619
FCR, g/g 2.30 2.31 2.33 2.26 2.32 2.31 0.09 0.858 0.911 0.854

Grower, 15 a 28 day
BW at 28 day, g 110.95 111.04 111.39 111.47 111.44 111.34 1.06 0.596 0.820 0.927
Feed intake, g 193.13 195.66 194.58 196.06 195.14 195.38 3.15 0.980 0.999 0.722
BW gain, g 57.54 58.14 58.59 57.87 57.88 58.12 1.08 0.513 0.745 0.721
FCR, g/g 3.36 3.37 3.32 3.39 3.37 3.36 0.06 0.640 0.848 0.680

Total, 1 a 28 day
Feed intake, g 103.02 103.08 103.34 103.45 103.43 103.33 4.61 0.791 0.668 0.469
BW gain, g 297.73 299.57 298.89 299.20 300.93 299.65 1.04 0.857 0.618 0.600
FCR, g/g 2.89 2.91 2.89 2.89 2.91 2.90 0.05 0.859 0.884 0.675
Viability, % 91.53 94.43 92.00 97.48 95.00 94.73 4.58 0.790 0.484 0.231

BW: body weight; FCR, feed conversion ratio; SEM: Standard Error of Mean; L: Linear; Q: Quadratic. 1 Mean
between VE + TFE diets. 2 Contrast: 25VE vs. VE + TFE (25VE + TFE; 100VE + TFE; 175VE + TFE; 250VE + TFE).

4. Discussion

In this study, we evaluated the effects of dietary supplementation of quail breeders
with TFE and increasing levels of VE on the oxidative status and zootechnical performance
of the progeny. Maternal supplementation increased the total carotenoid content in the
yolk and VE concentrations in the yolk and liver of newly hatched chicks. These findings
indicate that maternal supply of fat-soluble antioxidants is a good alternative to improve the
defence responses of embryos, as reported in previous studies [11,25]. TFE supplementation
increased the total carotenoid content of yolk by 2.8 times. This increase was also observed
after feeding 60 mg/kg of carotenoids from marigold flower petals to layers, with an
increase in yolk colouration and singlet oxygen sequestration [26]. Carotenoid sources such
as tomato pomace at a rate of 12% in the diet of quail breeders also resulted in a higher
concentration of carotenoids (lutein and lycopene) in the yolk and a reduction in MDA [27].
Supplementation of VE at the highest level tested (250 vs. 25 mg/kg) increased VE levels
in the yolk and liver by approximately 6 and 9 times, respectively. VE levels in the yolk
refer only to the VE content of the yolk sac, as the perivitelline membrane, which is known
to contain high VE concentrations, was not evaluated [11]. These results demonstrate that
deposition of VE in yolk was not proportional to dietary VE levels, possibly because, at
higher levels, transfer efficiency might have been reduced.

An in vitro study showed that antioxidants such as lutein and zeaxanthin act as elec-
tron donors to α-tocopherol, regenerating the molecule [12]. Thus, initially, we considered
the hypothesis that the use of TFE associated with VE could promote a sparing effect on VE,
either using carotenoid as an antioxidant or by recycling of the oxidized form of VE by the
carotenoid. This would allow breeders or embryos to use part of the TFE for antioxidant
defences, sparing VE, as would be evidenced by higher VE concentrations in yolk. Such an
effect was reported by Surai et al. [10], who supplemented broilers with canthaxanthin; the
authors observed a sparing effect on VE in the liver of newly hatched chicks. In the current
study, however, supplementation of VE associated with TFE did not alter VE concentrations
in the yolk or liver of chicks.

Dietary supplementation of laying hens with lutein at 40 mg/kg [28] and 250 mg/kg [14]
reduced yolk VE concentrations. Supplementation with β-carotene (1.5 mg/kg), with or
without VE (100 mg/kg), reduced VE accumulation in the breast muscle of broilers [29].
A similar effect was observed in chicken thighs with 50 mg/kg β-carotene + 200 mg/kg
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VE supplementation [30]. It remains unclear why such results were obtained; a possible
explanation is competition for absorption [31].

The antioxidant capacity of TFE has been reported in several in vitro studies [32,33].
Such activity is attributed to the presence of lutein and zeaxanthin. Supplementation
of laying hens with TFE at concentrations greater than 1% increased the lutein content
in yolk [34]. Furthermore, 250 mg/kg lutein was shown to reduce lipid peroxidation in
chicken egg yolk [13], whereas 40 mg/kg lutein increased liver SOD activity, although it
did not influence liver lipid peroxidation [35]. Despite these promising results, to date, no
study has investigated the effect of TFE as a source of lutein on the antioxidant status of
embryos; most studies have focused on the effects on performance, egg quality, yolk, and
meat pigmentation [14,15,36], and lipid peroxidation in yolk [34], liver, and muscle [37].

In the current study, supplementation with 3 g/kg TFE reduced lipid peroxidation
in yolk, and it was estimated that 189 mg VE + 3 g/kg TFE would lead to the lowest lipid
peroxidation in fresh yolks. Supplementation with VE alone would probably require higher
levels to achieve the same reductions in MDA content, given that TFE also influences
antioxidant status. Supplementation with 3 g/kg TFE was not sufficient to improve
oxidative status or protect embryos from intense oxidative metabolism occurring during
incubation. Such processes are intensified at the final stages of incubation when the embryo
transitions from chorioallantoic to pulmonary respiration [38]. Given this, it is suggested
to test TFE at levels above 3 g/kg (or 60 mg/kg xanthophyll) to evaluate its antioxidant
effects in fertile eggs during embryonic development.

Increasing VE levels improved the oxidative status (ABTS•+ and DPPH•) of the yolk
sac and liver of chicks and embryos, reducing lipid peroxidation. This finding indicates that
breeder supplementation with TFE and 250 mg/kg VE or more may increase antioxidant re-
serves in the yolk sac and protect embryos from oxidative processes during embryonic and
post-hatch development. VE is crucial during this period, given that newly hatched chicks
have difficulty in assimilating dietary VE, depending on the yolk reserves of the vitamin [5].

SOD is an important enzyme in the body’s first line of antioxidant defence, which
dismutates superoxide radicals [39]. In the present study, liver SOD1 expression was not
influenced by VE supplementation; however, increased liver SOD activity and consequent
improvement in the antioxidant status of the embryos were observed. The prevented ROS
generation in the liver and increased SOD activity in the brain of newly hatched chicks
were reported by Lin et al. [40] when 160 mg/kg VE was provided in the maternal diet of
broiler breeders. Similarly, a lower dose of 100 mg/kg VE for broiler breeders was sufficient
to improve the antioxidant status of newly hatched chicks from eggs stored for 14 days
before incubation. This improvement was accompanied by an increase in SOD activity in
the yolk and brain of chicks [41].

The level of oxidative stress in embryos can be influenced by several factors, including
the time between egg laying and storage, storage duration, variations in incubation con-
ditions, and the hatch window [5]. The difficulty in controlling these variables reinforces
the importance of ensuring adequate levels of antioxidants in egg yolk. Recent studies
described the inoculation of VE and carotenoids directly into chicken eggs at 17 days of
embryonic development. Inoculation with canthaxanthin (0.35–0.65 mg/0.5 mL per egg)
reduced hatchability and chick quality. However, beneficial effects were exerted on the
antioxidant status of newly hatched chicks [42]. In ovo inoculation of VE at 17.5 days of
incubation reduced the incubation window and enhanced hatchability, oxidative status,
chick quality, and feeding efficiency [43]. VE inoculation (30 mg/egg) at 14 days of in-
cubation improved weight gain in chicks up to 21 days of age [44]. Although we found
positive effects of VE on the antioxidant status of quail chicks up to 3 days post-hatching,
zootechnical performance was not influenced by the residual effect of maternal diets, in
agreement with the results of Johnson-Dahl et al. [45], who supplemented chicken diets
with canthaxanthin. Our findings do not preclude the use of VE or TFE, given that the
animals were raised under optimal conditions. Different experimental conditions with
stressor variables, such as temperature variations, high stocking densities, and environ-
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mental bacterial contamination, would result in different outcomes. Although body weight
and feed consumption were not altered, chicks exhibited good overall conditions, possibly
because of the positive effects of supplementation on liver antioxidant status.

5. Conclusions

It is concluded that TFE is an effective antioxidant in fresh eggs and supplementation
of 3 g/kg TFE and high levels of VE in quail breeders improves the oxidative status of
embryos and newly hatched chicks.
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