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Abstract. Lipid-soluble antioxidants can be more effective for chick development when provided via in ovo
(IO) injection than when supplemented to the maternal diet. This study was conducted to evaluate the effects of
egg weight (EW) and IO injection of α-tocopherol on chick development, hatching performance and lipid-soluble
antioxidant concentrations in residual yolk sac (RYS), liver and brain tissues of quail chicks. Eggs were obtained
from quail breeders at days 72 and 128 of age and incubated at 37.8 ◦C and 60 % relative humidity. Each egg
was numbered and weighed prior to incubation, and the average EW of all eggs was 11.76± 0.05 g. The eggs
were divided into light (< 11.76 EW; EWL) and heavy (> 11.76 EW; EWH) groups (148 eggs per EW). Each
EW group was divided into two IO groups: the control (non-injection) group and α-tocopherol group, in which
3.75 mg of α-tocopherol per egg was injected into the yolk sac followed by a 120 h incubation period. There were
64 eggs for each EW–IO treatment combination (16 eggs per EW per tray). The chick and RYS weights were
significantly lower in the EWL group than in the EWH group. A significant EW by IO interaction suggested that
IO increased the eggshell temperature of light quail eggs. The non-injected light eggs had a shorter hatching time
due to the interaction of EW with IO. Hatchability, embryonic mortalities, and the cumulative hatching rate were
not affected by EW or IO. The chick and middle toe lengths increased following IO administration (P < 0.05),
which indicated that IO administration had positive effects on chick quality. However, shank length decreased
following IO administration with an unchanged relative asymmetry (RA). IO significantly affected the absolute
weights of the liver and heart and the relative weight of the heart, which was lower in the α-tocopherol group
than in the control group. IO administration had no effect on total retinol and carotenoid concentrations in the
RYS, liver and brain. Vitamin E, α-tocopherol and δ-tocopherol concentrations in the RYS, liver and brain were
significantly higher in the α-tocopherol-treated chicks than in the control chicks. The highest brain α-tocopherol
concentration was found in the α-tocopherol-treated chicks of the EWH group, indicating a significant interaction
between EW and IO. The highest total lipid-soluble antioxidant concentrations were obtained following IO
α-tocopherol treatment (P < 0.05), in the order brain < liver < RYS, but this pattern was not observed with δ-
tocopherol. In conclusion, IO injection of α-tocopherol into the yolk sac affected the concentrations of tissue-
specific lipid-soluble antioxidants in the RYS and tissues of newly hatched quail chicks, and EW had effects on
various parameters.
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1 Introduction

Hatching performance and chick weight may be influenced
by the process of egg formation, which is affected by various
factors such as egg weight (EW), egg quality, yolk nutrients,
yolk antioxidant concentrations and variations in embryonic
development (Surai et al., 2016). Eggs of different weights
have different physical and chemical characteristics that af-
fect embryo development depending on the concentrations
of proteins, lipids, vitamins and antioxidants in the egg yolk
(Burley and Vadehra, 1989).

Antioxidants are responsible for maintaining antioxida-
tive protection in the tissues during embryonic development
(Surai, 1999). Lipid-soluble antioxidants, such as vitamins
A and E and carotenoids, are predominantly transferred to
the developing embryonic tissues from the yolk sac during
incubation (Surai et al., 1996; Surai, 1999). The yolk and
the yolk sac membrane (YSM) contain high concentrations
of vitamin A (Gaál et al., 1995), vitamin E, and carotenoids
(Surai et al., 1996). The accumulation of vitamins A and E
and carotenoids corresponds to extensive liver metabolism
and decreases free radical formation (Surai et al., 1996). In
the living organism, all antioxidants operate in cooperation
with each other to form an integrated antioxidant system. The
cooperative interaction of antioxidants in the embryonic cells
is vital for the maximum protection of the embryo from the
detrimental effects of free radicals (Surai, 2002). Oxidised
vitamin E can be converted back into the active form by
reacting with other antioxidants (Bohm et al., 1997). How-
ever, the effect, concentration and metabolism of these lipid-
soluble antioxidants are dependent on dose, age (Khan et al.,
2012), tissue and species (Surai, 2002; Karadas et al., 2011).

Vitamin E is the major player in antioxidant defence at
the cellular and subcellular levels (Surai et al., 2016) and
is known to be the most effective natural lipid-soluble and
chain-breaking antioxidant. Structural analyses of vitamin E
have revealed that there are four tocopherol molecules (α,
β, γ and δ) and four tocotrienols (α, β, γ and δ) with an-
tioxidant activity. Surai et al. (1996) reported that more than
80 % of vitamin E in embryonic tissues is represented by
the most active form, α-tocopherol. Other isomers of vita-
min E are found in the egg yolk and embryonic tissues, but at
much lower concentrations. Furthermore, α-tocopherol ex-
hibits its highest biological activity during the development
of the embryo (Surai et al., 2016). Ionov et al. (1994) re-
ported that the concentration of α-tocopherol in the egg yolk
of quail was 252.4 µg g−1. The α-tocopherol level in the yolk
sac increases by 3–5 times during the last week of incubation
(Surai, 2002). Vitamin E is absorbed from the residual yolk
sac (RYS) by the YSM and is then transferred to the liver
during the prenatal development period of the avian embryo.
The liver is the major site of vitamin E accumulation in the
avian embryo. Thus, vitamin E accumulation in the liver dur-
ing embryonic development is considered an adaptive mech-
anism in response to stress conditions during the hatching

process (Surai, 2002). The chick embryonic brain is charac-
terised by levels of vitamin E that are approximately 100-fold
lower than those in the liver (Surai et al., 1996), and this ap-
parent deficiency in the brain’s antioxidant defence capacity
is further compounded by the relatively low levels of vita-
min A and carotenoids (Speake et al., 1999). In this study,
tissues were selected according to their roles in lipid assimi-
lation (liver), their polyunsaturated fatty acid (PUFA) content
(brain) and their storage deposits (RYS) at hatching.

Vitamin E in the maternal diet can have profound effects
on the health status, growth and development of the newly
hatched chick. However, Hossain et al. (1998) observed that
in ovo (IO) injection of vitamin E was more efficient in in-
creasing the immune response of chicks than vitamin E sup-
plementation to the maternal diet. Therefore, the aim of this
study was to evaluate the effects of EW and IO α-tocopherol
on eggshell temperature during incubation, hatching perfor-
mance, chick development and lipid-soluble antioxidant con-
centrations in quail chick tissues at hatching.

2 Material and methods

This study was approved by the Van Yüzüncü Yil Üniver-
sitesi Animal Use and Care Committee (permit number
2017-01).

2.1 Animal materials and experimental design

Hatching eggs were obtained from a commercial farm of
Japanese quail (Coturnix coturnix japonica) at days 72
and 128 of age in their first year of laying. Quail breeders
were fed the same diet and reared under similar environmen-
tal conditions. The eggs were stored for 7 days at 15 ◦C and
75 % relative humidity. A total of 296 hatching eggs used
in the experiment were divided into two egg weight (EW)
groups as 148 eggs per EW group: a light group (< 11.76 EW,
EWL) and a heavy group (> 11.76 EW, EWH). Each egg
was numbered and weighed prior to incubation. The aver-
age EW was 11.76± 0.05 g. The average EWs of the EWL
and EWH groups were 10.84± 0.05 g (between 8.21 and
11.75 g) and 12.58± 0.04 g (between 11.77 and 14.46 g), re-
spectively. There were 20 eggs from each EW group used
for assessing the egg quality characteristics (10 eggs per EW
group). In addition, eggshell conductance and pore concen-
tration were determined for 10 eggs per EW group. The re-
maining eggs (128 eggs per EW group) in a total of eight
setting trays were incubated at a temperature of 37.8 ◦C and
60 % relative humidity, and the eggs were turned every 2 h in
a single-stage incubator. Both EW group eggs were divided
into two IO groups: non-injection group and injection group,
which per IO group had 64 eggs (4 trays with 16 eggs per
EW per IO) at day 5 of embryonic age. After 360 h of incu-
bation, the eggs were candled, and those with living embryos
were transferred to the hatcher baskets and maintained at a
temperature of 37.0 ◦C and 68 % relative humidity.
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2.2 IO procedure

A total of 128 eggs per EW group were equally divided into
two experimental groups: control (non-injection) group and
treatment group (IO injection of α-tocopherol) (64 eggs per
EW per IO) at day 5 of incubation. Salary et al. (2014),
who indicated that IO injection of 15 mg or 30 mg of vi-
tamin E per broiler egg had no affect on broiler perfor-
mance parameters, while hatchability and post-hatch immu-
nity status had increased by IO injection of 30 mg per egg
of vitamin E. We could select to inject 20 mg of vitamin E
per egg if we investigated broiler eggs. The quail egg was
5.36

(
63 g avarage broiler egg weight

11.76 g avarege quail egg weight = 5.36
)

times smaller than
the broiler egg. In this study, α-tocopherol injected into each
egg was calculated using 20 mg vitamin E for broiler egg

5.36 = 3.75 mg
per quail egg (approximative). The volume of IO injection
dose was calculated using 3.75 mg× 2000 µL (vitamin E so-
lution; Evin I.M. α-tocopherol acetate sterile solution, Is-
tanbul, Turkey)/300 mgα-tocopherol, which was equivalent
to a 25 µL injection volume. This volume was injected into
the yolk sac of each IO egg at day 5 of embryonic age.
The large end of each egg (injection site) was sterilised with
70 % ethanol. A 0.5 mL disposable syringe and a 26-gauge,
13 mm needle was used for IO injection to the yolk sac. Nee-
dle punctures in the eggshell were sealed immediately with
sterile paraffin. After injection, the eggs were returned to the
incubator.

2.3 Traits measured

2.3.1 Egg characteristics and eggshell temperature

Prior to incubation, 10 randomly selected eggs from each EW
group were used to determine the weights of the egg (g),
albumen (g), yolk (g), wet (g) and dry eggshells (%), egg
shape index (%), eggshell thickness (µm), and eggshell sur-
face area (cm2) (Peebles and McDaniel, 2004). The pH
values of the albumen and yolk were measured using a
pH meter. The ratio of yolk weight to albumen weight
was calculated. Dry eggshell (dried shell plus membranes)
weights were presented as percentages of the correspond-
ing EWs. The egg shape index and eggshell surface area
were determined using the following formulas: egg shape in-
dex= [egg width (mm) / egg length (mm)]× 100]; eggshell
surface area (cm2)= 3.9782×EW0.7056 (Carter, 1975). The
average daily egg water loss (mg per day), eggshell conduc-
tance (mg per day/torr), relative eggshell conductance (mg
per day) and pore concentration were determined using a sec-
ond set of eggs (10 eggs per EW) according to procedures de-
scribed by Peebles and McDaniel (2004). The eggshell con-
ductance of each egg based on a saturation vapour conduc-
tance of 22.24 mm/Hg at 23.6 ◦C was calculated by dividing
average daily water loss (milligrams per day) by the water
vapour pressure gradient (torr) between the inside and out-
side of the egg. The initial weight of each labelled egg was

obtained to 0.0001 g accuracy before placement in a desic-
cator, and each egg was reweighed to determine the average
daily egg weight loss in the calibrated desiccator, taking into
account all recordings of temperature and barometric pres-
sure over 4 days. Relative eggshell conductance was calcu-
lated, multiplying by 100 of the eggshell conductance. For
measurement of pore concentration, a small hole was cut in
the centre of the large end of the eggshell after drying for 3 h
at 50 ◦C. The eggshell was filled with a dye solution, made
by dissolving 0.5 g of 89 % methylene blue crystals in 1 L
of 70 % ethanol, for 30 min. Pore concentration (number per
0.25 cm2) was determined on 10 sections of dyed eggshell
pieces from the pointed, equatorial and enlarged areas of the
eggshell. The pores in each eggshell region were counted
within the marked sections of 0.25 cm2 by using a stere-
omicroscope with a 40x magnifying lens. The results of the
10 analysed areas per egg were averaged. Eggshell temper-
atures were measured using a thermocouple (Ebro TFI 250
laser thermometer, 85055 Ingolstadt, Germany) for a total of
80 eggs (five candled eggs from EW for each IO per tray per
day) at day 7, 9, 11, 13 and 15 of incubation.

2.3.2 Hatching performance

On day 15 of incubation, living embryos were transferred to
the hatcher. A total of 80 eggs (five candled eggs from EW
for each IO per tray) were reweighed on day 15 of incubation
to calculate the egg water loss: egg water loss= [(EW of day
0−EW on day 15 of incubation) /EW of day 0]× 100. To
determine the total incubation duration, eggs were individu-
ally assessed every 4 h from 383 to 411 h of incubation, and
the number of chicks that hatched was recorded. At hatch,
the rectal temperature of 10 chicks per subgroup was mea-
sured using a thermocouple thermometer inserted approxi-
mately 0.8 cm into the colon. Hatchability was defined as the
percentage of hatched chicks per egg set. Eggs that failed to
hatch were broken. The non-surviving embryos were divided
according to the time of death during embryogenesis: early
(before day 6), mid (days 7 to 15), late (after day 15) and pip
(pipped shell but not emerged) (Seker et al., 2004). Total em-
bryonic mortalities were calculated. During hatching, chick
weight was measured for each newly hatched chick every 4 h
for six measured time points, which were from 387 to 407 h.

2.3.3 Chick development, morphological traits and
relative asymmetry

At hatch, a total of 80 chicks, comprising five randomly se-
lected chicks from each replicate of the IO subgroups of the
EW groups, were removed from the hatcher. Chick length
(cm) was measured using a digital calliper (±0.1 mm). Both
sides (left and right of face, middle toe and shank lengths)
of bilaterally symmetrical traits were also measured. Face
length was measured from ear hole to the merged point of
the beak. Middle toe length was measured from the begin-
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ning of the third toe to the tip of the nail on the third toe.
Shank length was measured from the top of the tarsometatar-
sus to the tip of the nail on the third toe. Developmental in-
stability is defined as deviations from symmetrical growth
on the right and left sides for any bilateral trait (Yang et al.,
1997). Relative asymmetry (RA), which is the absolute value
of asymmetry of the left (L) minus the right (R) divided by
the size of the mean L and R lengths of face, middle toe and
shank, was determined using the following formula Eq. (1):

RA= {(L−R)/[(L+R)/2] }× 100. (1)

Mean RA was calculated as the average RA of the lengths of
the face, middle toe and shank. Chick weight and the weights
of the yolk sac, liver, heart, gizzard plus proventriculus and
brain were determined for the same chicks. After the chicks
were killed by cervical dislocation, the RYS, heart, liver, giz-
zard plus proventriculus after emptying, and brain were ex-
cised from each chick and weighed. Relative weights of the
organs and RYS were shown as percentages of the absolute
weight of the chick. The RYS, liver and brain were stored at
−55 ◦C for further analyses. The remaining chicks for each
group were weighed individually from the first hatched to the
last hatched every 4 h.

2.3.4 Antioxidant concentrations in the residual yolk sac
and tissues as determined by high-performance
liquid chromatography

The concentrations of total carotenoids and vitamin E, δ-
, γ -, and α-tocopherols, and vitamin A (retinol) in the
RYS, liver and brain tissues were determined using methods
based on high-performance liquid chromatography (HPLC)
(Surai et al., 2001) using a Shimadzu Prominence HPLC
instrument. Approximately 250 mg of tissue per RYS sam-
ple was thoroughly mixed in 0.7 mL of 5 % NaCl, fol-
lowed by the addition of 1 mL of ethanol and homogenisa-
tion (1 min); during homogenisation, 2 mL of hexane was
added. Samples were centrifuged, and the hexane phase,
containing the carotenoids and vitamin E, δ-, γ -, and α-
tocopherols, and retinol, were collected. The extraction phase
with hexane was repeated twice. The combined hexane
phases were dried under N2 gas and then redissolved in
dichloromethane /methanol (1 : 1 v/v) solution. The HPLC
system was from Shimadzu (spectrofluorometer, Japan) and
fitted with a Hypersil GOLD 5 µC18 reverse-phase col-
umn (10 cm by 4.6 mm; Thermo, US) using a mobile
phase of methanol /water (97 : 3 v/v) at a flow rate of
1.05 mL min−1. The fluorescence detection of tocopherols
and retinols involved excitation and emission wavelengths
of 295 and 330 nm, respectively. Standard solutions of to-
copherols and retinols in methanol were used for instru-
ment calibration. HPLC analysis of total carotenoids was per-
formed using diode array detection with a mobile phase of
methanol /water (97 : 3v/v) at a flow rate of 1.5 mL min−1

with a Spherisorb S5N2, 5 µC18 reverse-phase HPLC col-
umn (25 cm by 4.6 mm, Phase Separations, Clwyd, UK). To-
tal carotenoids were identified as a single peak at 444 nm, and
concentrations were calculated in relation to a lutein standard
(Sigma-Aldrich, Poole, UK) (Surai and Sparks, 2001).

2.4 Statistical analyses

All of the data were subjected to ANOVA with the general
linear model procedure of the JMP statistics package (SAS
Institute Inc., 2007). Prior to incubation, the statistical model
for the egg characteristics included the EW groups. All of
the variables showed normal distributions, except RA, which
was transformed to meet a normal distribution by calculat-
ing the logarithm base 10 function. Eggshell temperature,
hatching performance, morphological traits, RA, chick de-
velopment and antioxidant concentrations in the RYS and
tissues were analysed with a statistical model that included
EW group (EWL and EWH) and IO group (control and α-
tocopherol) and their interaction. Least-squares means were
compared using Tukey’s test. Differences were considered
significant at P < 0.05.

3 Results

3.1 Effects of EW

The weights of the albumen, yolk, and wet eggshell and
eggshell surface area were significantly higher in the EWH
group than in the EWL group. In contrast, the yolk pH of the
EWH group was significantly lower than that of the EWL
group (Table 1). However, the egg shape index, yolk weight-
to-albumen weight ratio, dry eggshell weight, eggshell thick-
ness, average daily egg water loss, eggshell conductance, rel-
ative eggshell conductance, albumen pH and pore concentra-
tion were not affected by EW (Table 1). Eggshell temperature
values were presented in Table 2. Eggshell temperature was
higher in the EWL group than in the EWH group at days 7, 9
and 11 of incubation (P < 0.05). In contrast, eggshell temper-
ature was lower in the EWL group than in the EWH group
at day 15 of incubation. Egg water loss was 11.27± 0.70 %
in the EWL group and 12.87± 0.71 % in the EWH group
(P = 0.114). Rectal temperature and the hatching perfor-
mance parameters were similar among the EW groups (Ta-
ble 2). Chick weight was significantly higher in the EWH
group than in the EWL group every 4 h after hatching for a to-
tal of six measured time points (P < 0.001; Table 2). Average
chick weight and the weights of the RYS (g and %) and liver
(g) were significantly lower for the EWL group than for the
EWH group, whereas the weight of the gizzard plus proven-
triculus (%) was significantly higher for the EWL group than
for the EWH group (Table 3). Middle toe length, RA of shank
length and mean RA were significantly lower in the EWH
group than in the EWL group (Table 3). EW had no effect on
the weight of liver (%), heart (g and %), brain (g and %) or
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Table 1. The effect of egg weight on egg quality characteristics prior to incubation of hatching eggs in the breeder quail.

EW

< 11.76 > 11.76 SEM P value

Egg quality characteristics

Egg weight (g) 10.60 12.50 0.10 < 0.001
Egg shape index (%) 77.60 77.00 0.60 0.496
Albumen weight (g) 5.42 6.42 0.10 < 0.001
Yolk weight (g) 3.63 4.36 0.90 0.002
Yolk weight / albumen weight 0.67 0.68 0.03 0.887
Wet eggshell weight (g) 1.50 1.63 0.04 0.031
Dry eggshell weight (%) 7.84 7.42 0.20 0.172
Eggshell thickness (µ) 0.21 0.20 0.02 0.610
Eggshell surface area (cm2) 21.10 23.60 0.20 < 0.001
Daily egg water loss (mg/d) 29.50 28.10 2.50 0.707
Eggshell conductance (EC) (mg per day/torr) 1.61 1.54 0.10 0.707
Relative EC (mg per day/torr) 14.88 12.19 1.20 0.118
Albumen pH 9.32 9.25 0.03 0.157
Yolk pH 6.58 6.28 0.07 0.005
Pore concentration (number/0.25 cm2) 21.45 19.32 0.99 0.804

EW: egg weight. SEM: standard error of the mean.

Table 2. The effects of egg weight and in ovo administration of α-tocopherol on eggshell temperature at days 7, 9, 11, 13 and 15 of incubation,
rectal temperature, hatching time, hatchability, embryonic mortalities and chick weight in the quail.

EW IO P value

< 11.76 > 11.76 SEM Control α-tocopherol SEM EW IO EW*IO

Eggshell temperature (◦C)

Day 7 36.01 34.59 0.13 34.76 35.84 0.14 < 0.001 < 0.001 0.788
Day 9 36.46 36.02 0.08 35.75 36.73 0.08 0.004 < 0.001 < 0.001
Day 11 37.69 36.91 0.05 37.34 37.26 0.05 < 0.001 0.285 0.026
Day 13 37.28 37.30 0.09 37.45 37.12 0.09 0.859 0.012 0.001
Day 15 37.84 38.23 0.13 38.06 38.00 0.13 0.043 0.766 0.049
Rectal temperature (◦C) 36.42 36.83 0.18 36.79 36.46 0.18 0.111 0.196 0.990
Hatching time (hours) 394.00 392.00 1.00 391.00 395.00 1.00 0.116 0.011 0.020
Hatchability1 (%) 84.91 80.62 5.21 79.05 85.97 4.56 0.513 0.786 0.503

Embryonic mortalities (%)

Early 4.31 11.31 3.60 9.65 6.48 3.66 0.268 0.584 0.924
Mid 3.27 6.04 3.31 5.89 3.42 2.98 0.540 0.584 0.515
Late 7.51 2.03 2.47 5.41 4.13 1.76 0.143 0.425 0.847

Total2 15.09 19.38 5.07 20.95 14.03 4.11 0.680 0.389 0.479

Chick weight (g)

3873 7.81b 8.96a 0.18 8.58 8.19 0.20 0.001 0.229 0.624
391 7.70b 8.79a 0.11 8.37 8.13 0.12 < 0.001 0.142 0.125
395 7.64b 8.87a 0.15 8.44 8.07 0.16 < 0.001 0.102 0.817
399 7.50b 8.73a 0.09 8.12 8.12 0.09 < 0.001 0.990 0.165
403 7.64b 8.73a 0.16 8.05 8.32 0.17 < 0.001 0.256 0.064
407 7.69b 8.76a 0.16 8.54a 7.91b 0.16 < 0.001 0.008 0.405

EW: egg weight. IO: in ovo administration. SEM: standard error of the mean. 1 Hatchability: hatched chick number / fertilised egg number · 100. 2The pip dead
was not included in total dead. 3 Hours: measured hour for each newly hatched chick.
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Table 3. The effects of egg weight and in ovo administration of α-tocopherol on weights of the chick, residual yolk sac, liver, heart, gizzard
plus proventriculus, and brain during development and on morphological traits, relative asymmetry and mean relative asymmetry of bilateral
traits in the quail chick.

EW IO P value

< 11.76 > 11.76 SEM Control α-tocopherol SEM EW IO EW*IO

Chick development

Chick weight (g) 7.27 8.38 0.15 8.00 8.65 0.15 < 0.001 0.108 0.580
RYS (g) 0.38 0.65 0.05 0.54 0.49 0.05 0.001 0.545 0.350
RYS (%) 5.19 7.74 0.62 6.62 6.31 0.62 0.006 0.722 0.667
Liver (g) 0.22 0.25 0.01 0.26 0.22 0.01 0.002 0.006 0.884
Liver (%) 2.99 2.97 0.09 3.08 2.89 0.09 0.875 0.109 0.842
Heart (g) 0.08 0.09 0.02 0.10 0.07 0.02 0.121 0.002 0.800
Heart (%) 1.14 1.08 0.04 1.20 1.02 0.04 0.421 0.008 0.899
Gizzard plus proventriculus (g) 0.47 0.48 0.01 0.47 0.47 0.01 0.347 0.344 0.063
Gizzard plus proventriculus (%) 6.49 5.82 0.16 6.14 6.17 0.16 0.006 0.891 0.048
Brain (g) 0.25 0.27 0.01 0.27 0.26 0.01 0.159 0.347 0.708
Brain (%) 3.50 3.30 0.13 3.42 3.39 0.12 0.284 0.868 0.615

The lengths of bilateral morphological traits

Chick length (cm) 11.67 11.85 0.13 11.56 11.96 0.12 0.332 0.028 0.667
Face length (mm) 8.22 8.23 0.20 8.31 8.14 0.20 0.982 0.570 0.589
Middle toe length (mm) 12.58 11.75 0.27 11.56 12.77 0.27 0.037 0.003 0.842
Shank length (mm) 10.3 9.8 0.28 10.84 9.26 0.28 0.217 0.001 0.016

RA∗

Face length 0.65 0.15 0.21 0.49 0.31 0.21 0.103 0.562 0.844
Middle toe length 0.53 0.46 0.19 0.67 0.32 0.20 0.816 0.199 0.068
Shank length 1.53 0.63 0.36 0.48 1.12 0.34 0.007 0.218 0.299
Mean RA 0.90 0.23 0.16 0.54 0.58 0.16 0.005 0.862 0.110

EW: egg weight. IO: in ovo administration. EM: standard error of the mean. RYS: residual yolk sac. ∗ RA: relative asymmetry, calculated as
[|left− right|/(left+ right)/2] · 100.

gizzard plus proventriculus (g). The lengths of the chick, face
and shank and the RA of face and middle toe lengths did not
differ among the EW groups (Table 3). Total retinol, δ- and
α-tocopherol concentrations of the RYS were significantly
higher in the EWH group than in the EWL group, whereas
total carotenoid concentration of the RYS was significantly
lower in the EWH group than in the EWL group (Table 4).
Heavy eggs showed significantly higher total retinol and δ-
tocopherol concentrations in the liver than light eggs (Ta-
ble 4). In contrast, the total carotenoids and γ -tocopherol
concentrations in the liver were significantly lower in the
EWH group than in the EWL group (Table 4). A similar pat-
tern of change was observed for total carotenoids and δ- and
γ -tocopherol concentrations in the brain (Table 4). However,
there was no effect of EW on γ -tocopherol concentration in
the RYS, α-tocopherol concentration in the liver, or retinol
and α-tocopherol concentrations in the brain. No significant
difference was found between the EWL and EWH groups for
total vitamin E concentration in the RYS, liver or brain (Ta-
ble 4).

3.2 Effects of IO α-tocopherol

Eggshell temperature was higher in the α-tocopherol group
than the control group at days 7 and 9 of incubation but
was lower in the α-tocopherol group than the control group
at day 13 of incubation (P < 0.05; Table 2). Egg water loss
was 12.58± 0.69 % in the control group and 11.56± 0.70 %
in the α-tocopherol group (P = 0.308). Hatching time was
significantly prolonged in the α-tocopherol group compared
with the control group (Table 2). Rectal temperature, hatch-
ability, and embryo mortalities were not affected by IO α-
tocopherol administration (Table 2).

Newly hatched chick weight after hatching was decreased
in the α-tocopherol group compared to the control group only
at 407 h (Table 2). IO α-tocopherol administration signifi-
cantly affected the absolute weights of the liver and heart and
the relative weight of the heart, which were lower in the α-
tocopherol group than in the control group (Table 3). Chick
length and middle toe length were significantly higher in the
α-tocopherol group than in the control group. In contrast,
shank length was significantly shorter in the α-tocopherol
group than in the control group (Table 3). IO α-tocopherol
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Table 4. The effects of egg weight and in ovo administration of α-tocopherol on the concentrations of total retinol, total carotenoids, δ-, γ -,
and α-tocopherols, and vitamin E in the residual yolk sac, liver and brain of the quail chick.

EW IO P value

< 11.76 > 11.76 SEM Control α-tocopherol SEM EW IO EW*IO

Retinol (µg g−1)

RYS 0.87 1.79 0.12 1.43 1.15 0.16 0.009 0.227 0.862
Liver 0.26 0.71 0.05 0.53 0.45 0.05 < 0.001 0.319 0.863
Brain 0.069 0.074 0.01 0.073 0.071 0.01 0.722 0.892 0.123

Carotenoids (µg g−1)

RYS 142.52 104.78 13.0 112.18 135.13 12.9 0.045 0.215 0.234
Liver 40.61 30.16 2.40 32.96 37.82 2.3 0.004 0.157 0.996
Brain 7.67 3.01 0.55 5.6 5.08 0.55 < 0.001 0.505 0.545

δ-tocopherol (µg g−1)

RYS 7.33 14.89 1.08 9.21 13.01 1.09 < 0.001 0.017 0.872
Liver 1.56 2.57 0.20 1.70 2.43 0.20 0.001 0.014 0.349
Brain 4.17 2.78 0.19 2.85 4.09 0.23 0.001 0.006 0.186

γ -tocopherol (µg g−1)

RYS 291.82 294.89 27.2 260.11 326.6 27.2 0.937 0.093 0.918
Liver 97.53 77.82b 5.52 80.89 94.45 5.32 0.013 0.080 0.084
Brain 0.48 0.33b 0.04 0.40 0.41 0.04 0.023 0.889 0.065

α-tocopherol (µg g−1)

RYS 682.27 892.20 56.9 676.88 897.59 56.9 0.013 0.009 0.106
Liver 345.80 327.24 12.14 309.26 363.78 12.1 0.287 0.003 0.340
Brain 11.49 12.20 0.84 9.85 13.84 0.82 0.552 0.002 0.015

Vitamin E (µg g−1)

RYS 981.56 1201.13 81.5 946.20 1237.20 81.5 0.063 0.016 0.241
Liver 444.89 407.63 15.9 391.85 460.67 15.8 0.106 0.004 0.895
Brain 16.10 15.32 1.03 13.10 18.31 1.00 0.595 0.001 0.029

EW: egg weight. IO: in ovo administration. SEM: standard error of the mean. RYS: residual yolk sac.

had no effects on the weights of chick, RYS (g and %), liver
(%), brain (g and %), gizzard plus proventriculus (g and %),
face length, RA, and mean RA of the examined bilateral traits
(Table 3). Delta- and α-tocopherols and vitamin E concen-
trations in the RYS, liver and brain were significantly higher
following treatment with IO α-tocopherol than in the control
group (Table 4). There was no effect of α-tocopherol admin-
istration on total retinol, total carotenoids or the γ -tocopherol
concentrations of the RYS, liver and brain (Table 4).

3.3 Interaction effects of EW and IO tocopherol

A significant interaction between EW and IO for eggshell
temperature occurred at days 9, 11, 13 and 15 of incuba-
tion (Tables 2, 5). Although eggshell temperature was higher
in the α-tocopherol group than the control group within the
EWL group at day 9 of incubation, it was lower in the α-
tocopherol group than control group within the EWH group

at days 11 and 13 of incubation (P < 0.05) (Table 5). At
day 15 of incubation, eggshell temperature was the highest
for control eggs of the EWH group and the lowest for con-
trol eggs of the EWL group (P < 0.05); however, no signif-
icant difference between the two EW groups was observed
for the IO α-tocopherol eggs (Table 5). IO administration
did not interact with EW for the weights of chick, RYS,
liver, heart and brain, but an interaction effect on relative
gizzard plus proventriculus weight was observed (Table 3).
This significant interaction was due to the α-tocopherol-
treated EWH chicks having lower gizzard plus proventricu-
lus weights and the control and α-tocopherol-treated EWL
chicks having higher gizzard plus proventriculus weights
(Table 5). There was a significant interaction among EW and
IO for shank length (Table 3). Shank length was greater in
control chicks than α-tocopherol-treated chicks within the
EWL group, whereas no such difference was observed in
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Table 5. Interaction effect of egg weight and in ovo administration of α-tocopherol on the eggshell temperature at days 9, 11, 13 and 15 of
incubation in the quail embryo, gizzard plus proventriculus weight, shank length, hatching time and brain α-tocopherol and vitamin E levels
in the quail chicks.

EW
< 11.76 > 11.76

IO
Control α-tocopherol Control α-tocopherol SEM

Eggshell temperature (◦C)

Day 9 35.63c 37.29a 35.87b 36.17bc 0.11
Day 11 37.64a 37.73a 37.03b 36.79c 0.07
Day 13 37.20bc 37.35b 37.71a 36.89c 0.10
Day 15 37.68b 38.00ab 38.44a 38.01ab 0.17
Gizzard plus proventriculus (%) 6.71a 6.27a 6.07ab 5.57b 0.25
Shank length (mm) 10.70a 9.01b 10.09b 10.57ab 0.40
Hatching time (hours) 390b 395a 394a 394a 1.00
Brain α-tocopherol (µg g−1) 11.72ab 12.68a 7.98b 14.99a 1.19
Brain vitamin E (µg g−1) 14.38bc 16.26ab 11.84c 20.37a 1.46

a, b, c Least-square means for the same line differ significantly (P < 0.05). EW: egg weight. IO: in ovo administration. SEM:
standard error of the mean.
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Figure 1. The effects of egg weight (< 11.76, > 11.76) and in ovo administration (control, α-tocopherol) on the cumulative hatching of quail
chicks.

the EWH group (Table 5). Hatching time of the α-tocopherol
group was delayed by approximately 5 h relative to hatching
time of the non-injected chicks in the EWL group (Table 5).
Cumulative hatching within 10 h after hatching was higher
in the control group than in the α-tocopherol-treated group
in both EW groups, but these differences were not significant
(Fig. 1). The interaction between EW and IO was significant
for the brain concentrations of α-tocopherol (P = 0.015) and
vitamin E (P = 0.029). For brain α-tocopherol concentra-
tion, this interaction reflected the occurrence of the highest
α-tocopherol concentration in the α-tocopherol-treated EWH
chicks, whereas in the EWL chicks, the concentration did
not differ between the IO groups (Table 5). Whereas vita-
min E concentration was similar between the control and α-
tocopherol chicks within the light EW group, it was signifi-

cantly higher in the α-tocopherol chicks than in the control
chicks within the EWH group (Table 5).

4 Discussion

In this experiment, yolk and wet eggshell weights and
eggshell surface area values increased significantly with in-
creasing EW (above 11.76 g). These results are consistent
with results of Ashraf et al. (2016). Ashraf et al. (2016)
also reported a lower yolk pH in lighter eggs than in heav-
ier eggs, which is inconsistent with our results. The re-
sults of this study showed that the newly hatched weights
of chicks from heavier eggs were significantly greater than
those of chicks from lighter eggs every 4 h at the six mea-
sured time points. Egg weight increases in a linear manner
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with increasing breeding age as described by Yannakopou-
los and Tserveni-Gousi (1987), and it has a direct influ-
ence on chick development. Due to increasing breeder quail
age, significant variation in chick weight was observed from
day 72 (EW between 8.21 and 11.75 g) to day 128 (EW be-
tween 11.77 and 14.46 g) of breeder quail age. As EW in-
creases, heavier eggs begin to exhibit a higher eggshell sur-
face area than lighter eggs, as reported by Shafey (2002).
Lower amounts of egg water loss per square centimetre of
surface area of eggshell were exhibited by heavier eggs com-
pared with lighter eggs; however, this difference did not con-
tribute to differences in embryonic mortality in the current
study. The main reason for this is that average daily water
loss did not differ among the groups because pore concen-
tration, conductance and thickness of the eggshell remained
similar among the EW groups. In the present study, the abso-
lute and relative RYS weights were increased in heavier eggs,
which is consistent with Peebles et al. (2000). In addition, the
increased absolute liver weight and higher eggshell temper-
atures of the embryos from heavier eggs during late embry-
onic development might be related to differences in embry-
onic metabolism. This assumption is supported by O’dea et
al. (2004), who found higher metabolic activity in heavier
chicks; however, in our results, a lower RYS was observed
in chicks from lighter eggs, reflecting the more rapid utilisa-
tion of nutrients. Moreover, in this study, eggshell tempera-
tures were greater for the embryos of IO α-tocopherol-treated
lighter eggs than those of similarly treated heavier eggs at
days 9 and 11 of incubation. These results indicated that the
IO injection of α-tocopherol into the yolk sac might have en-
hanced the metabolism of embryos from the light quail eggs
by affecting the transfer of α-tocopherol from the yolk sac
to the tissues before hatching. However, hatching time was
prolonged in the α-tocopherol-treated chicks from the light
quail eggs. This prolonged hatching time might have been
due to high sensitivity of the embryos of lighter eggs to IO
administration of α-tocopherol. This high sensitivity might
be associated with the slightly higher plasma corticosterone
concentration of chicks at hatch (Babacanoğlu and Yalçın,
2014).

The chick and middle toe lengths were the greatest for
chicks that received IO α-tocopherol administration on day 5
of embryo development. These results indicate that IO α-
tocopherol administration had positive effects on chick qual-
ity without affecting the developmental stability of the mea-
sured bilateral morphological traits. However, shank length
was affected negatively by IO α-tocopherol administration,
although its RA value was unaffected in the newly hatched
quail chicks. This study is the first report on the effects of IO
α-tocopherol injection on chick length and the RA values of
the shank, middle toe and face lengths of quail at hatch. Mid-
dle toe length was decreased in the chicks from heavy eggs,
whereas its RA was not affected by EW; however, the highest
mean RA and the RA of shank length were observed in the
chicks from light eggs in this study. The effects of EW on the

RA of shank length and mean RA indicated that developmen-
tal instability of shank length can be promoted by a decreased
egg weight in hatched quail chicks. Our results showed that
there was no effect of IO α-tocopherol injection on hatchabil-
ity. This result is consistent with Schaal (2008), who obtained
a similar result with IO vitamin E injection. Our findings in-
dicated that the total retinol concentrations of RYS and liver
were higher in the heavier eggs, whereas the total carotenoid
concentrations in all tissues and RYS were lower in the heav-
ier eggs. These findings might be a result of vitamin A defi-
ciency in the heavier eggs. Similarly, Hudon (1994) reported
that carotenoids in heavier eggs could be converted to vita-
min A. The low total carotenoid concentrations in the RYS
and embryo tissues from heavier eggs might reflect the fact
that total carotenoids can be efficiently converted to vitamin
A (retinol), as reported by Burley and Vadehra (1989). There-
fore, the newly hatched quail chick may convert appropriate
carotenoids to vitamin A in the liver and RYS.

In this study, IO α-tocopherol injection into the yolk sac
of the large egg increased α-tocopherol and vitamin E con-
centrations in brain tissues. The accumulation and concentra-
tion of lipid-soluble antioxidants in embryonic tissues may
have adaptive significance in providing protection to PUFAs
against peroxidation, particularly at hatching (Surai, 2002).
It has been reported that large amounts of vitamin E ac-
cumulation may occur with a high PUFA in the lipid frac-
tion of brain; therefore, lipids play an important role in
vitamin E solubilisation and subsequent absorption (Surai,
2002; Surai et al., 2016). This observation was confirmed by
Schaal (2008), who concluded that chicks injected with vi-
tamin E had increased relative brain weight and brain total
lipid level to protect lipid membranes from the harmful ef-
fects of radical oxygen species and allow for increased lipid
utilisation for energy production.

The cooperative interaction between antioxidants in the
cell is vital for maximum protection from the detrimental ef-
fects of free radicals (Surai, 2002). Oxidised vitamin E can be
converted back into the active reduced form by reacting with
other antioxidants, such as carotenoids (Palozza and Krinsky,
1992; Bohm et al., 1997). Increasing the dietary carotenoid
concentration of the maternal diet was associated with in-
creased vitamin E concentrations in the egg yolk and embry-
onic tissues and their increased resistance to oxidative stress
(Surai and Speake, 1998; Surai et al., 2003, 2016). There-
fore, we hypothesised that IO administration of α-tocopherol
might increase the carotenoid concentration in embryonic tis-
sues. However, IO α-tocopherol injection did not affect the
total carotenoid concentration in the tissues of quail chicks
in the present study. Our result is consistent with Frigg et
al. (1992), who concluded that the carotenoid concentration
of the yolk was unaffected by dietary α-tocopherol. Thus,
neither dietary nor IO administration of α-tocopherol af-
fected the carotenoid concentrations of chick tissues, with
no effect of α-tocopherol on the carotenoid concentrations in
the RYS in the present study. Similar results were reported
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by Possenti et al. (2017), who tested the effect of in ovo vita-
min E on the distribution and use of other antioxidants and on
oxidative status markers in the yolk and focal organs. They
found that embryo growth was positively associated with an-
tioxidant concentrations; however, an experimental increase
in egg vitamin E level did not affect the relationships between
other antioxidants or the markers of oxidative status and vi-
tamin E concentration. In addition, in the present study, the
highest vitamin E and α-tocopherol concentrations occurred
in the order of RYS < liver < brain. Surai (2002) reported that
the highest α-tocopherol concentration was found in the liver
and that the lowest was found in the heart. This tissue speci-
ficity of α-tocopherol accumulation demonstrates that the lo-
cation (yolk, albumen, amnion) and timing (embryo age) of
α-tocopherol injection might affect reduced heart and liver
weights following the injection of α-tocopherol on day 5
into the yolk sac in this study. Moreover, the reduced liver
weight observed for the α-tocopherol-treated chicks at hatch
was likely due to lower fat metabolism in these chicks rela-
tive to controls.

The results indicated that IO α-tocopherol injection might
improve embryonic metabolism without affecting chick de-
velopment in light quail eggs, whereas it might increase the
concentrations of α-tocopherol and vitamin E in the brain
tissues without affecting hatching performance in chicks
from heavy quail eggs. In conclusion, IO α-tocopherol in-
jection into the yolk sac and EW can affect the lipid-
soluble antioxidant-specific and tissue-specific concentra-
tions of lipid-soluble antioxidants in the tissues of newly
hatched quail chicks.
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