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Abstract: This study aimed to determine the effects of retinol and retinol ester supplementation on performance, egg quality, serum
and egg oxidative status, and vitamin A levels in laying quails. Three hundred quails were divided into 5 groups. The control group
received a basal diet that contained vitamin premix without vitamin A or vitamin A precursors. The treatment groups received
dietary supplementation with retinol and retinol esters [retinyl acetate (R-acetate), retinyl palmitate (R-palmitate), retinyl propionate
(R-propionate), 3300 IU/kg]. Egg production and feed conversion ratio improved in all experimental groups. Serum [-carotene and
malondialdehyde (MDA) levels decreased and serum retinol levels increased in all experimental groups. Yolk color in the 8th week
decreased in the R-propionate group. Serum antioxidant activity levels increased in the R-palmitate and R-propionate groups. Yolk retinol
levels increased in the R-palmitate and R-acetate groups. Yolk MDA level decreased in the retinol, R-acetate, and R-propionate groups
on the 8th and 30th days and in the retinol and R-propionate groups on the 15th day of storage. In conclusion, the supplementation of
laying quail diets with retinol and retinol esters affects performance and egg quality positively, while egg vitamin A and oxidative status

differ depending on variations in dietary retinol and retinol ester supplementation.
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1. Introduction

Vitamin A is one of the most important essential nutrients
and is present in organisms as retinol, retinal, and retinoic
acid. While retinoic acid does not convert to other forms,
retinoids dissolve in fat and fat solvents and are resistant to
high temperatures in nonoxidative conditions (1). Vitamin
A is stored in the liver in poultry, depending on the amount
of intake (2). The amount of retinol released into the
bloodstream from a chicken’s liver has been reported to
differ depending on the vitamin A content of the diet (3).
Retinoids play important roles in visual development, the
protection of epithelial membranes, bone development,
growth, embryonic development, and the improvement
of productive performance due to their antioxidant effects
against lipid peroxidation and their ability to strengthen
the immune system (4-6).

The carotene and retinol requirements of birds fed
under normal circumstances are met by using industrial
byproducts and cereals, primarily corn gluten meal or
corn gluten feed, which are used to supplement the diets
(7). However, all retinoids present in these natural feed
sources are not completely converted into vitamin A in
poultry. Therefore, vitamin A is provided in the form of
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retinol, retinol esters, or carotenoids in the diet (1,3,7).
The National Research Council (NRC) (8) recommends
including a calculated amount of vitamin A precursors,
which should ultimately yield 3300 IU/kg of feed, to
meet the basic requirements of poultry. Studies of poultry
have evaluated the effects of the use of various levels of
retinol (9), retinyl acetate (R-acetate) (2,10,11), and retinyl
palmitate (R-palmitate) (12) on laying performance and
egg quality. However, no data are available concerning the
use of retinyl propionate (R-propionate) in poultry.

In previous studies, researchers used individual
precursors; no available study investigated the comparative
efficacy of vitamin A precursors to determine which
precursor is most effective. This study evaluated the
effects of retinoids on laying performance, egg quality
traits, serum oxidant-antioxidant balance, and 3-carotene,
retinol, and malondialdehyde (MDA) levels in the egg yolk
by adding retinol and retinol esters to quail diets.

2. Materials and methods

2.1. Animals, diets, and experimental protocol
This study was carried out at the Animal Research
Center of Afyon Kocatepe University in Turkey
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after ethical committee approval was obtained
(AKUHADYEK-168-12). A total of 300 (200 female and
100 male) 8-week-old Japanese quails (Coturnix coturnix
japonica) were randomly allocated into one control group
and four experimental groups (60 birds per group).
Each group was randomly divided into five subgroups
(replicates) of 12 quails each. The birds were housed in
laying cages (100 cm wide, 44 cm deep, 30 cm high in the
front and 20 cm high in the rear; 110 cm? per quail) until
the end of the study. Feed and water were provided ad
libitum throughout the experiment. The photoperiod was
set to a 16-h light : 8-h dark cycle during the experimental
period. The research trial lasted for 10 weeks (2-week
adaptation period on the basal diet and 8 weeks on the
experimental diets). The feed ingredients were obtained
from a commercial company (Tinaztepe Feed Factory,
Afyonkarahisar, Turkey). The basal diet (20.14% crude
protein, 12.19 MJ/kg metabolizable energy, 2.55% calcium,
and 0.35% total phosphorus) was composed of corn,
wheat flour, full-fat soybean, soybean meal, sunflower
meal, and meat-bone meal. The nutrient contents of these
ingredients were analyzed. The feed was formulated to
meet the requirements of quails as recommended by the
NRC (8), except for vitamin A precursor supplementation.

The control group was fed the basal diet, while the
experimental groups were fed the basal diet supplemented
with retinol (Sigma R7632; 0.99 mg/kg), R-acetate (Sigma
Aldrich R0300000; 1.135 mg/kg), R-palmitate (Sigma
Aldrich 46959-U; 1.815 mg/kg), and R-propionate (Sigma
Aldrich 87809; 1.181 mg/kg) at a dose of 3300 IU/kg for
each supplement by dissolving them in corn oil (Table
1). The abovementioned quantities of each supplemented
precursor (mg/kg) were calculated to yield 3300 IU of
vitamin A/kg of feed. The vitamin precursors were first
dissolved in a small amount of oil and then mixed into
the remaining corn oil (2.40% corn oil in feed). The oil
was then mixed into the feed along with the other vitamin
premix. The nutrient composition of the basal diet,
including dry matter, crude protein, crude fat, crude fiber,
crude ash, calcium and phosphorus contents, starch, and
sugar, was determined according to the Association of
Official Agricultural Chemists. The metabolizable energy
(ME) level of the basal diet was calculated according to
Carpenter and Clegg (13) (Table 2).

Table 1. Dietary treatment protocol.

2.2. Laying performance

The body weights of the quails were determined (sensitivity
of 0.001 g) at the beginning and end of the study. The
feed intake was recorded biweekly (14-day intervals) as
the group average, and the feed conversion ratio (FCR)
was calculated biweekly as the amount of feed consumed
per kilogram of eggs. Eggs were collected daily, and egg
production was calculated based on percent production
for egg numbers. Egg weight was recorded every 14 days
using all eggs.

2.3. Egg quality traits
In this study, 15 eggs from each group (3 eggs from each
replicate) were collected to determine the internal and
external quality parameters of the eggs on the 30th and
60th days. The eggs were examined for weight (g), length
(mm), width (mm), egg shell thickness (mm), albumen
index (%), yolk index (%), Haugh unit (HU), egg shape
index, and yolk color index. Egg width, egg length,
yolk width, albumen length, and albumen width were
measured to the nearest 0.01 mm using digital calipers
(Mitutoyo Digimatic Caliper, Japan). The albumen and
yolk heights were measured to the nearest 0.01 mm using
a digital micrometer. The egg shape, yolk, and albumen
indexes were calculated from these measurements. The
HU was calculated using the formula developed by Haugh.
Measurements of the thickness of dried shells, including
the membrane, were obtained from 2 sides in the equatorial
region, as well as on the blunt and sharp ends, and were
made to the nearest 0.01 mm using a digital micrometer.
The egg yolk color score was determined by matching the
yolk with one of the 15 bands of the 1961 Roch Improved
Yolk Color Fan. The formulas used in the measurement of
egg quality parameters were as follows:

Shape index (%) = [egg width (mm) / egg length (mm)]
x 100,

Yolk index (%) = [yolk height (mm) / yolk width
(mm)] x 100,

Albumen index (%) = albumen height (mm) / [(average
albumen length (mm) + width (mm) / 2) x 100],

HU =100 log [albumen height (mm) + 7.57 - 1.7 X egg
weight® (g)].
2.4. Collection and storage of serum and egg samples
At the end of the experiment (8th week of the experiment,
18 weeks old), a total of 10 birds from each group (2 birds

Control Retinol R-acetate R-palmitate R-propionate

Basal diet without vitamin A Basal diet plus retinol Basal diet plus Basal diet plus Basal diet plus
precursors and with vitamin premix (3300 IU /lf of feed) R-acetate R-palmitate R-propionate

(no retinol or any other additives) & (3300 IU/kg of feed) | (3300 IU/kg of feed) | (3300 IU/kg of feed)
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Table 2. Ingredients and chemical composition of the basal diet.

Ingredients %
Yellow corn (8.5%) 49.70
Wheat flour (13.5%) 5.35
Full fat soybean (35.5%) 5.20
Soybean meal (48%) 21.50
Sunflower meal (37%) 6.10
Meat and bone meal (38%) 2.00
Corn oil 2.40
Limestone 5.70
Dicalcium phosphate 1.00
Salt 0.25
NaHCO, 0.20
L-Lysine 0.15
DL-Methionine 0.10
Vitamin premix’ 0.25
Mineral premix? 0.10

Chemical composition (analyzed) (%)

Dry matter 91.85
Crude ash 8.65
Crude protein 20.14
Crude fat 6.74
Crude fiber 4.63
Nitrogen free extract 51.69
Calcium 2.55
Total phosphorus 0.35
Metabolizable energy®, MJ/kg 12.19

"The vitamin premix contained the following (per kg of diet):
2.4 mg of cholecalciferol, 0.075 mg of a-tocopherol acetate,
5 mg of thiamine mononitrate, 10 mg of vitamin riboflavin, 5
mg of pyridoxine, 0.3 mg of cyanocobalamin, 0.05 mg of niacin,
30 mg of vitamin K, from menadione dimethylpyrimidinol
bisulfite, 0.1 mg of D Biotin, 15 mg of pantothenic acid (calcium
pantothenate), and 1.5 mg of folic acid.

*The mineral premix contained the following (per kg of diet): 80
mg oanSO4, 60 mg of FeSO,, 60 mg of ZnO, 5 mg of CuS0,, 0.5
mg of CoCO,, 2 mg of Ca(10,),, and 0.150 mg of Na,SeO,.

*The metabolizable energy content of the diets was estimated
according to the equation of Carpenter and Clegg (Leeson and
Summers, 2001): ME = 53 + 38 [(crude protein %) + (2.25 x ether
extract %) + (1.1 x starch %) + (1.05 x sugar %)].

from each replicate) were slaughtered, and blood samples
were kept in opaque heparin-free tubes at 4 °C for 24
h. Immediately after incubation, serum samples were
obtained and placed in a centrifuge for 15 min at 1800 x g.
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The serum samples were placed in opaque Eppendorf tubes
and stored at -18 °C to determine the serum p-carotene,
retinol, MDA, and antioxidant activity (AOA) levels.

In the 4th and 8th weeks of the experiment, a total of
10 yolks (2 from each replicate) were weighed, placed in
opaque glass tubes, and stored at -18 °C to determine yolk
B-carotene and retinol levels.

At the end of the experiment, 40 eggs from each group
(8 from each replicate) were stored in the refrigerator at
4 °C. On days 1, 8, 15, and 30 of storage, 10 yolks were
weighed, placed into opaque glass tubes, and kept at -18
°C to determine MDA levels.

2.5. Serum and yolk retinol and B-carotene levels

The yolks were separated and weighed. The yolks were then
homogenized at 20,000 rpm for 1 min in phosphate buffer,
pH 7, using a homogenizer (IKA T18 basic, IKA-Werke
GmbH & Co., Staufen, Germany). For the extraction of the
homogenized samples, 1 mL of 95% ethanol containing 20
ug of butylated hydroxytoluene (BHT, Sigma Aldrich) and
3 mL of hexane were added to 1 mL of homogenized yolk.
The mixture was stirred for 10 min by manual inversion
and then centrifuged at 2000 rpm for 10 min (14). After
centrifugation, a quarter of the hexane phase was placed
on an enzyme-linked immunosorbent assay (ELISA)
plate, and B-carotene and retinol were determined based
on the absorbance at 453 nm and 325 nm, respectively,
using an ELISA reader (MWGt Lambda Scan 200, BioTek
Instruments, Winooski, VT, USA) (15). The serum was
also extracted and measured using the same process.

2.6. Serum and yolk MDA levels

The serum MDA level was determined using a double-
boiling method to measure MDA from free radicals,
as reported by Draper and Hadley (16). This method is
based on the principle of making spectrophotometric
measurements at a wavelength of 532 nm after MDA
reacts with thiobarbituric acid (TBA). According to this
method, 0.5 mL of serum was mixed with 2.5 mL of 10%
trichloroacetic acid (TCA) in a clean screw-cap test tube
and heated to 95 °C for 15 min. The mixture was then cooled
and centrifuged at 5000 rpm for 10 min. One milliliter of
the obtained supernatant was collected and mixed with
0.5 mL of 0.67% TBA. The mixture was boiled for 15 min
and cooled immediately. Afterwards, the absorbance value
against water was determined at 532 nm using the ELISA
reader. The resulting values were multiplied by the dilution
factor.

Yolk MDA levels on days 1, 8, 15, and 30 of storage
were measured using an ELISA modification of the
spectrophotometric method, as noted by Kanner and
Rosenthal (17). Samples weighing 0.2 g were derived from
sample yolks for thiobarbituric acid reactive substances
(TBARS) analysis and were placed into 10-mL test tubes
with 1.8 mL of 3.86% perchloric acid per tube. This
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homogenized mixture was filtered through filter paper,
and 0.5 mL of the filtrate was stirred with 1 mL of 20 mL
of TBA solution and left in a boiling water bath for 30 min.
The absorbance was read at 532 nm in a spectrophotometer.

2.7. Serum AOA level

Antioxidant activity was determined colorimetrically
in the serum using the modified method described by
Koracevic etal. (18). The standard solution of the Fe-EDTA
complex reacts with hydrogen peroxide due to the Fenton
reaction, allowing the formation of hydroxyl radicals.
These reactive oxygen radicals disrupt benzoate due to
TBARS release. Supplementation with antioxidants leads
to the suppression of TBARS production. This reaction
is measured spectrophotometrically; the suppression of
color development is determined as the AOA.

An Fe-EDTA blended control group was prepared for
each sample, and H O, was added. For every single series
of the analysis, negative control groups (K, and K ) were
formed. Standards containing 1 mmol/L uric acid were
used for the measurement. The standards were incubated
in a water bath at 100 °C for 10 min. The standards were
then cooled in a water bath, and the absorbance was
determined at 540 nm in an ELISA reader.

2.8. Statistical analysis

The data were subjected to analysis of variance procedures
appropriate for a completely randomized design using
the GLM procedures of SPSS 10.00 (SPSS Inc., Chicago,
IL, USA). Tukey’s test was applied to identify significant
differences between groups. All replicates were the
experimental units for all analyses. All data were expressed
as the mean * standard error (SE). P < 0.05 was considered
to be the limit for statistical significance.

3. Results
The effects of retinol and retinol ester supplementation
on laying performance and egg quality traits in quails are
shown in Tables 3 and 4. The body weights, feed intake,
and egg weight were not changed by the dietary treatments
(P >0.05).

Egg production increased (P < 0.001) in all of the
retinol and retinol ester-supplemented groups; the FCR
was improved (P < 0.01) in the same group (Table 3). The
egg yolk color index in the 8th week decreased (P < 0.001)
in the R-propionate group when compared to the control
group and the other experimental groups (Table 4). During
the 4th and 8th weeks of the experiment, no changes (P >
0.05) in the other egg quality traits were observed (Table 4).

Serum P-carotene (P < 0.001) and MDA (P < 0.01)
levels decreased in the retinol and retinol ester groups,
whereas the serum retinol level increased (P < 0.001) in
the same groups (Table 5). In addition to the lower serum
B-carotene level in the R-propionate group in comparison
to the R-palmitate group, the increase in retinol levels was
much more notable in the R-propionate group than in
the other retinol and retinol ester groups (P < 0.001). The
serum AOA increased (P < 0.001) in the R-palmitate and
R-propionate groups in comparison to the control, retinol,
and R-acetate groups (Table 5).

The yolk retinol levels increased (P < 0.001) in the
R-acetate and R-palmitate groups in the 4th week and in
the retinol, R-acetate, and R-palmitate groups in the 8th
week. The yolk B-carotene level exhibited no differences
among the groups during either period (Table 6).

The yolk MDA level (Table 7) did not show changes
between the groups on the first day after storage (P >
0.05). However, the yolk MDA level decreased in the
retinol, R-acetate, and R-propionate groups on the 8th (P
<0.001) and 30th (P < 0.05) days and in the retinol and the
R-propionate groups on the 15th day (P < 0.05) of storage.

4. Discussion

Although vitamin A has been reported to play an
important role in poultry growth performance (19), our
results showed that the average body weight values of
female and male quails before and after the study did not
differ significantly (Table 3). The absence of a body weight
change after supplementation with retinol and retinol
esters in this study indicates that the vitamin level in the

Table 3. Effect of retinol and retinol esters on the performance of laying quails.

Item Control Retinol R-acetate R-palmitate R-propionate P-value
Initial body weight, g 181.48 £2.22 181.28 £ 1.52 181.27 £ 1.10 181.92 £1.32 181.94 £ 1.23 0.992
Final body weight, g 191.97 £2.12 196.26 £ 1.90 195.66 + 1.54 19435+ 1.79 194.50 + 1.54 0.520
Egg production, % 75.33 £ 0.93" 86.53 £ 3.28* 86.10 £ 1.03* 82.20 £ 1.51* 88.52 £ 1.41° 0.001
Feed intake, g/day per group |30.30 £ 0.24 31.05+£0.39 30.75+£0.33 29.65+0.20 30.75 + 0.44 0.067
FCR, kg feed/kg egg 3.08 £ 0.04* 2.83 +£0.10° 2.77 £ 0.02° 2.76 +0.05° 2.68 + 0.04° 0.002
Egg weight, g 13.03 £ 0.12 12.70 £ 0.13 12.84 + 0.07 13.06 = 0.08 12.94 + 0.18 0.290

»b Within a row, values that do not share a common superscript letter are significantly different.
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Table 4. Effect of retinol and retinol esters on the egg quality traits of laying quails.

Item Control Retinol R-acetate R-palmitate R-propionate P-value
Shape index, %

4th week 77.31 £0.75 77.39 £ 0.87 77.81 £ 1.06 78.05 £ 0.36 79.01 £ 0.93 0.611
8th week 78.89 + 0.95 78.90 + 2.04 76.69 + 1.14 78.15 + 0.63 7597 +1.27 0.436
Egg shell thickness, pm

4th week 197.0 £ 4.0 203.0+4.8 206.8 £ 4.4 203.4+43 2103+ 44 0.296
8th week 187.2+£5.3 189.3£5.3 177.0 £3.0 190.1 £2.5 182.1 £2.04 0.187
Yolk index, %

4th week 51.98 +0.75 49.96 £ 0.72 49.12 £ 1.54 48.73 £ 1.17 50.24 £1.01 0.260
8th week 53.81 £+ 3.40 50.03 + 0.84 50.67 £ 1.51 50.34 +1.28 48.51 £ 0.84 0.446
Albumen index, %

4th week 12.02 +0.99 11.76 + 0.46 12.01 £ 0.30 11.68 + 0.56 13.08 + 0.98 0.653
8th week 11.34 +0.85 10.68 + 0.44 9.75+0.76 10.04 + 0.93 10.27 + 0.65 0.603
Haugh unit

4th week 75.54 £2.92 69.74 + 1.80 72.68 £ 1.56 73.24 £2.35 71.39 £2.11 0.432
8th week 80.77 £ 5.24 8591 +2.82 76.27 £ 5.84 77.24 £ 4.54 85.39 + 6.94 0.571
Yolk color index

4th week 9.66 + 0.25 9.66 +0.21 8.80 £ 0.24 9.00 +0.23 8.73+£0.22 0.070
8th week 9.28 £ 0.47° 8.64 + 0.40° 9.04 +£0.20° 891 £0.19* 7.00 £ 0.33° 0.001

*b; Within a row, values that do not share a common superscript letter are significantly different.

Table 5. Effect of retinol and retinol esters on the serum f-carotene (pug/L), retinol (mg/L), MDA (nmol/L), and AOA (mmol/L) levels

of laying quails.
Item Control Retinol R-acetate R-palmitate R-propionate P-value
p-Carotene 64.56 + 8.22° 26.92 + 136" 25.30 + 3.80" 34.10 + 3.20° 2110 + 1.76° 0.001
Retinol 3.20 + 0.39° 4.66 +0.195" 5.26 + 0.53" 478 +0.26" 6.76 + 0.29° 0.001
MDA 5.69 + 0.59° 3.82+0.34" 3.92+031° 436+ 0.34" 3.82+0.25" 0.008
AOA 5.94 + 0.25¢ 6.36 £ 0.18° 6.25 + 0.26¢ 7.00 + 0.20° 7.72 + 0.10° 0.001

+b<; Within a row, values that do not share a common superscript letter are significantly different.

raw feed materials that constituted the basal diet was
adequate for the body weight.

In this study, retinol and retinol ester supplementation
of the diet increased egg production. However, the
egg weight was not affected by retinol and retinol ester
supplementation of the diets (Table 3). Vitamin A has
been reported to be essential for egg production; egg
production has been shown to decrease in laying hens fed
diets deficient in vitamin A (11). Some studies have shown
that when retinol ester supplementation contains vitamin
A at the required level, egg production remains the same
in hens (2,20), and that R-acetate supplementation above
the required level increases egg production (2,11).

594

In the current study, feed intake was not affected
during the 8-week period of study. Moreover, the FCR was
affected positively in all groups supplemented with retinol
and retinol esters (Table 3). This effect was associated
with the fact that the feed intake did not change but egg
production increased in those groups. It has been reported
that vitamin A at the required level for laying hens (2,20)
or above the required level for laying quails (21) and
R-acetate supplementation for laying hens do not change
(2,10,11) or adversely affect (20) the FCR.

The external and some internal quality traits of
the eggs were not affected by retinol and retinol ester
supplementation of the diet (Table 4). Although the color
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Item Control Retinol R-acetate R-palmitate R-propionate P-value
B-Carotene

4th week 0.64 £ 0.07 0.73 £ 0.04 0.61 £ 0.05 0.75 £ 0.05 0.68 £ 0.03 0.073
8th week 0.6 3 +0.06 0.70 £ 0.03 0.67 £ 0.03 0.75+0.03 0.67 £0.04 0.317
Retinol

4th week 5.76 + 0.88¢ 6.84 + 0.34% 7.61 £ 0.66° 9.57 £0.03* 5.93 + 0.24¢ 0.001
8th week 5.51 +0.43¢ 7.49 +0.22® 8.05 + 0.45* 8.34 + 0.44° 6.41 £ 0.25% 0.001

b<; Within a row, values that do not share a common superscript letter are significantly different.

Table 7. Effect of retinol and retinol esters on the egg yolk MDA levels (mg MDA/kg sample) on the 1st, 8th, 15th, and 30th days of

storage.
Control Retinol R-acetate R-palmitate R-propionate P-value
1st day 1.75 +0.25 1.09 +0.27 125 +0.11 1.64 +0.19 1.56 +0.17 0.158
8th day 347 £0.15 2.46 £ 0.16¢ 2.86 +0.16> 3.18 £0.22® 2.39 £0.22¢ 0.001
15th day 422 +0.31° 3.18 £0.16° 3.76 + 0.68® 3.95 + 0.14® 3.17 £0.33° 0.048
30th day 5.28 £0.36* 411 +£0.25° 431 +0.26° 4.52 +0.23® 437 +£0.22° 0.036

b<; Within a row, values that do not share a common superscript letter are significantly different.

of the yolk did not indicate a change caused by retinol
and retinol ester supplementation in the 4th week of the
experiment, yolk color decreased in the 8th week after
supplementation with R-propionate (Table 4). The color
of the yolk depends on the storage of carotenoids in the
yolk (22). The observed fading of the yolk color in the
R-propionate group in this study may be associated with a
substantially lower plasma carotene level.

In this study, serum P-carotene levels appeared to
decrease in all groups with retinol and retinol ester
supplementation; serum retinol levels increased in the
same groups (Table 5). Serum retinol levels have been
reported to be related to the retinol level in the diet, and
plasma retinol levels are a determinant of the vitamin A
level in the diet (3). In our study, the fact that the plasma
retinol level increased in the experimental groups might
be related to vitamin A in the diet. On the other hand, in
the group supplemented with R-propionate, the serum
retinol level was higher, although retinol or retinol ester
was supplemented at the same level. Although several
factors affect the absorption of vitamins, the only effective
variable in this study was the variation in the fatty acids
forming the retinyl ester. Dietary retinol is eluted to retinol
and fatty acids via hydrolysis by retinyl ester hydrolases;
however, the retinol is reesterified in the intestinal cells
and is stored in the liver and other tissues in the form of
palmitate and acetate ester. The retinol is released from the

liver into the bloodstream via another hydrolysis reaction
(14,23,24). In this context, retinol and propionate ester are
thought to be released into the circulation without being
stored in the liver and other tissues.

Egg yolk is a significant source of vitamin A, depending
on the level of vitamin A in the mixed feeds of the poultry
(10). Vitamin A is stored in the egg primarily as retinol and
a small amount of R-acetate (25). In this study, the retinol
content of the egg yolk was determined to increase in the
groups with R-palmitate and R-acetate supplementation
by 66.2% and 32.1%, respectively, in the first month, and
51.4% and 46.2%, respectively, in the second month (Table
6). Some studies also reported an increase in the retinol
content in the egg yolk with retinol (26) and R-acetate
supplementation of hen diets (10,11,23). Depending on the
forms (12) and the levels (23) of vitamin A in the diet, the
liver plays an important role as a regulator of this vitamin’s
metabolism. In the same context, the high retinol content
of the egg yolks of the groups fed diets supplemented with
R-palmitate and R-acetate indicates that among the forms
of vitamin A, R-palmitate and R-acetate are more efficient
in transferring from the liver to the egg yolk than the other
forms of vitamin A.

Retinol and retinol esters were determined to decrease
the level of serum MDA, which is an indicator of lipid
peroxidation (Table 5). Retinol and carotenes react directly
with free radicals and reduce MDA formation, leading to
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lipid peroxidation (27). In a study assessing the impact of
vitamin A supplementation on serum MDA levels, vitamin
A (15,000 IU/kg retinol supplementation) was determined to
reduce serum MDA levels in broilers under heat stress (28).
In our study, in contradiction to the results reported by Kucuk
et al. (28), this vitamin, which is more effective under stress
conditions, had a greater positive effect on lipid peroxidation
in the animals that were not exposed to environmental stress.

In the present study, serum AOA increased with
R-palmitate and R-propionate supplementation in the diet,
with the greatest increase in the R-propionate group (Table
5). Decreasing MDA and increasing AOA values indicate that
R-palmitate and R-propionate affect AOA more positively. For
the antioxidant system, p-carotene and vitamin A are of vital
importance, and PB-carotene stimulates AOA independently
from vitamin A (24). The observed increase in AOA in the
abovementioned groups and the observed decrease in MDA
in the serum and retinol groups, which were supplemented
with vitamin A, may have occurred because the retinol level
increased more as a result of a decrease in serum carotene
due to R-propionate. Moreover, supplementation of vitamin
A, which has an antioxidant effect on quail diets, prevents
lipid oxidation in the egg, and the severity of the antioxidative
effect may vary depending on the form of vitamin A used.

In the present study, retinol, R-acetate, and R-propionate
exerted different effects on the egg yolk MDA level, depending
on the duration for which the eggs were kept at 4 °C. While
there was no difference between the groups on the first day
of storage, a decrease in comparison to the control group
was noticed with storage time on different days in different
groups (Table 7). The composition of dietary nutrients or
feed additives has been reported to affect the egg yolk
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MDA concentration in many studies (29,30). Similarly, it
has also been noted that the retinol content in the egg yolk
prevents lipid oxidation; vitamin A, which can be found
in an adequate amount in the egg yolk, must be added
into diets to activate this protective effect, and vitamin
A acts as an antioxidant by passing directly into the yolk
(23). Thus, in the 8th week of this study, egg retinol levels
exhibited a significant increase in the retinol, R-acetate,
and R-propionate groups and a slight but nonsignificant
increase in the R-palmitate group. The presence of low
egg MDA levels in these groups, which are rich in retinol
(the potent antioxidant properties of which are known),
indicates that this decrease results from the egg retinol
level.

In conclusion, retinol and retinol ester supplementation
of laying quail diets exerts a positive effect on productive
performance and egg quality traits and a preventive effect
against lipid oxidation in serum and eggs. Supplementation
of the diet with different retinol esters creates different
effects on serum and egg vitamin A concentrations. It is
more appropriate to supplement the diet with R-palmitate
and R-acetate to increase the egg vitamin A levels.
Moreover, a study designed with a longer study period
might reveal a more pronounced effect.
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