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Research article
Ερευνητικό άρθρο

ABSTRACT: In the study, effects of dietary supplementations with flaxseed oil and sunflower oil on production per-
formance, egg quality, and the eggs’ sensory attributes in laying hens exposed to high stocking density stress were in-
vestigated. A total of one hundred and forty-four 38-week-old “Atak-S” breed laying hens were used. The hens were di-
vided into two main groups as stress group and non-stress group, which both were further divided into three subgroups: 
basal diet, 2% flaxseed oil diet, and 2% sunflower oil diet groups. High stocking density stress was induced with a 
space allowance of 357 cm2 per hen. All hens were weighed initially and just before the study has been completed, and 
the body weight gain was calculated. Egg production per hen was daily recorded, and production performance, mean 
egg weight, and egg mass were estimated. Moreover, eggshell weight, thickness, strength, albumen height, and egg 
yolk color were measured. Trained panelists evaluated egg samples collected from each subgroup regarding sensory 
attributes such as taste, flavor, color, and texture. Flaxseed oil decreased egg production and egg mass in the non-stress 
group while increasing the stress group’s same parameters. Sunflower oil increased average egg weight in all hens and 
paled the egg yolk’s yellow color in the stressed hens. Moreover, the non-stress group’s eggs were more appealing in 
taste than those of the stress group. Flaxseed-supplemented diet enhanced the sensory attributes in the eggs of both 
stress and non-stress groups. Furthermore, neither of the oil supplementations generated a strange or repulsive odor in 
the eggs. In conclusion, dietary flaxseed oil supplementation might be recommended to improve egg production and 
egg sensory attributes in stress-exposed laying hens. Sunflower oil supplementation might be offered for increasing egg 
production and some sensory parameters in both stressed and unstressed hens. 
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INTRODUCTION

Stress is a crucial environmental factor that ad-
versely affects production performance, immuni-

ty, and welfare, increases the mortality rate, creating 
severe economic damage in poultry. Chickens used 
in commercial production can be exposed to many 
stressors, such as chick placement, beak trimming, 
transfer of chickens to breeder houses, heat-cold, high 
humidity, poor ventilation, insufficient lighting, vac-
cination, and microbial or viral challenges (Surai et 
al., 2019). High stocking density is one of the major 
stress factors in extensive farming, yet the breeders 
tend to house more hens per pen due to economic con-
cerns (Carey et al., 1995), which reduces the space 
allowance per hen, causes rivalry due to inadequacy 
of drinkers and feeders, consequently leading to stress 
(Puron et al., 1995).

High stocking density was shown to have reduced 
feed intake, egg production, egg mass (Jahanian and 
Mirfendereski, 2015), and increased floor and bro-
ken egg ratios in floor-type pens (Kang et al., 2016). 
Roberts, (2004) thoroughly documented that several 
stress factors reduced eggshell quality. On the other 
hand, high stocking density effects were investigated 
only in a few studies, creating conflicting results. Ja-
hanian and Mirfendereski (2015) indicated that egg-
shell thickness was increased in hens exposed to high 
stocking density, whereas Kang et al. (2018) pointed 
out a reduction in eggshell strength. Egg quality de-
clined in Japanese quails (El-Tarabany et al., 2016) 
and layer ducks (Xiong et al., 2020) due to high stock-
ing density. On the other hand, egg quality was report-
ed to have remained unchanged in some other studies 
(Geng et al., 2020).

It is unlikely to avoid stress factors in poultry 
farming, and thus, several studies have been conduct-
ed regarding the potential solutions, including dietary 
supplements to alleviate stress response in poultry ex-
posed to various stressors (Clavijo and Flórez, 2018). 
In the presented study, flaxseed and sunflower oils 
were administered as dietary supplements to mini-
mize the potential adverse effects of stress in hens. 

Flax (Linum usitatissimum L.) is a plant grown 
since ancient times for its seeds and fibers (Carraro et 
al., 2012). Flaxseed contains a high amount of nutri-
ents, such as proteins, vitamins, minerals, and antiox-
idants, and provides a rich energy source. It contains 
35-40% vegetable oil, which is composed of 70% 
polyunsaturated (PUFA) (mainly alpha-linolenic acid, 
ALA), 20% monounsaturated (mainly oleic acid), and 

approximately 10% saturated fatty acids (palmitic 
and stearic acids) (Martinchik et al., 2012). It is also a 
good plant source of omega-3 fatty acid. It is used in 
poultry to enhance omega-3 levels in the carcass meat 
and eggs (Ahmad, 2017). However, it was reported 
that when the diet’s flaxseed ratio exceeded 8%, cy-
anogenic glycoside and phytic acid contained in the 
flaxseed adversely affected feed digestibility resulting 
in reduced egg production (Beheshti Moghadam and 
Cherian, 2017). On the other hand, it is not the matter 
in question in terms of flaxseed oil, safely used at high 
concentrations in poultry diets. Flaxseed oil promoted 
growth in chicks, increased omega-3 level and oxida-
tive stability of carcass, and improved carcass quality 
(Abbasi et al., 2019). Egg production was unchanged 
with flaxseed oil in some studies (Costa et al., 2008; 
Petrovic et al., 2012; Herkel et al., 2014). Neverthe-
less, studies demonstrated both an increase (Celebi-
and Utlu, 2006) and a decrease (Jia et al., 2008) in egg 
production. Likewise, an increase (Yi et al. 2014), a 
decrease (Raes et al., 2002) were also reported con-
cerning egg weight, while some studies demonstrated 
no difference (Steinhilber, 2005). The studies investi-
gating the effects of dietary flaxseed oil supplementa-
tion on egg quality also revealed conflicting results. 
Although several authors showed no difference in ex-
trinsic egg quality parameters (Mazalli et al., 2004; 
Costa et al., 2008; Raes et al., 2002), eggshell weight 
and thickness were reported to have decreased (Gro-
bas et al., 2001), and albumen weight was increased 
(Schumann et al. 2000). Moreover, the fatty acids 
such as ALA, eicosapentaenoic acid (EPA), and doco-
sahexaenoic acid (DHA) contained in the flaxseed oil 
were transferred into the egg at high concentrations 
(Ehr et al., 2017), prolonging the freshness of eggs 
(Lee et al., 2016). 

Sunflower (Helianthus annuus L.) is an oilseed 
plant widely grown in the world. The seeds contain 
high amounts of vegetable oil, protein, non-digest-
ible crude fiber, vitamins, and minerals (Le Clef and 
Kemper, 2015). Its oil content was elevated to 60% by 
genetic improvement studies (Vilvert, 2018). It also 
contains various fatty acids, including linoleic acid 
(55-75%), oleic acid (15-25%), palmitic acid (6%), 
and stearic acid (2%) (Lacombe and Berville 2001). 
Sunflower meal (SFM) is used in poultry feeding as a 
source of energy and protein. However, its high fiber 
yet low lysine content restrains the diet’s digestibil-
ity (Baghban-Kanani et al., 2018). Therefore, vari-
ous enzymes, essentially lysine, are added to the diet 
that includes SFM; hence, it was reported that SFM 
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could be used in the diet of both broilers and laying 
hens at a 30% concentration, provided that the diet 
also contained enzymes (Seidavi et al., 2018). Once 
the diet included SFM, egg production, and quality 
were adversely affected, while -in contrast- concur-
rent niacin administration enhanced the relevant pa-
rameters (Baghban-Kanani et al., 2019). On the other 
hand, dietary sunflower oil supplementation showed 
no negative impact on egg production (Sangkaew et 
al., 2017), egg weight (Ceylan et al., 2011), and egg 
mass (Karunajeewa et al., 1989). Likewise, the in-
trinsic and extrinsic egg quality parameters were not 
negatively affected (Küçükersan et al., 2010; Dong et 
al., 2018). 

The fatty acids in vegetable oils are accumulated 
in the egg yolk, causing lipid oxidation, hydrolysis, 
and polymerization (Wang et al., 2017), which -as a 
result- affected sensory attributes such as taste, flavor, 
color, and texture (Brelaz et al., 2019). On the other 
hand, stress further induced lipid oxidation (Eid et al., 
2008), which might also alter sensory features. How-
ever, to the best of our knowledge, no data is avail-
able indicating the adverse effects of stocking density 
stress on the egg’s sensory attributes. 

The contradictory results concerning the effects of 
dietary flaxseed oil and sunflower oil supplementa-
tions despite the studies indicating their potential ben-
efits in egg production and quality necessitates further 
studies. Furthermore, the potential positive effects of 
oil supplements on the relevant parameters and eggs’ 
sensory attributes were not determined in stress-ex-
posed hens.

The aim of the study was to investigate the effects 
of dietary flaxseed oil and sunflower oil supplemen-
tations on production performance, egg quality, and 
sensory characteristics in laying hens. 

MATERIALS AND METHODS

Hens, study groups, and housing conditions 
All experimental procedures were approved by the 

Animal Experiment Ethics Committee of the Istanbul 
University (Approval number 191-2018). A total of 
one hundred and forty-four 38-week-old Atak-S lay-
ing hens were included in the study. The hens were 
randomly divided into two main groups as the stress 
(n: 84) and the non-stress (n: 60) groups, which were 
further allocated into three subgroups: Basal diet, flax-
seed oil diet, and sunflower oil diet groups, each con-
taining 20 hens. Each sub-group was replicated four 

times. The stress group cages contained seven hens 
with a space allowance of 357cm2/per hen, whilefive-
hens were housed in each cage of the non-stress 
groupwith a space allowance of 500 cm2 per hen. All 
hens were housed in stainless steel battery-type cag-
es (width = 50 cm, length = 50 cm, height = 60 cm) 
which were equipped with linear feeders and nipple 
drinkers. The temperature, humidity, and ventilation 
were maintained by an automatic system according 
to the manufacturer’s instructions in a 16/8 light-dark 
cycle. 

Composition of the diets 
All hens received the same basal diet. The feed 

was provided by a commercial company. The sup-
plementation groups further received flaxseed oil 
and sunflower oils at 2%. The amount of feed per 
day was estimated according to the manufacturer’s 
instructions. All hens were fed for 15 weeks. Water 
was provided ad libitum. The diets’ nutrient contents 
were analyzed in a commercial company’s laboratory 
(BanvitAş, Bandırma, Balıkesir). The diet’s formula-
tion and chemical composition were shown in Table 1 
and Table 2, respectively. 

Table 1. Formulation of the basal diet

Ingredients Basal diet
 (%) 

Soybean meal 33, 00
Sunflower meal 27, 00
Full-fat soybeans 11, 00
Maize 15, 00
Soybean oil 0, 90
DCP 2, 00
DL-Metiyonin 0, 10
Limestone 9, 70
Vitamin + mineral premix1 1, 00
Salt 0, 30

1Supplied per kg of diet: vitamin A (retinyl palmitate), 15, 000 
IU; vitamin D3, 2, 500 IU; vitamin E (DL-α-tocopheryl acetate), 
20 mg; vitamin B1, 3 mg; vitamin B2, 7, 5 mg; D-pantothenic 
acid, 25 mg; vitamin B6, 5 mg; vitamin B12, 0.002 mg; biotin, 
0.5 mg; niacin, 25 mg; vitamin K3, 1.25 mg; folic acid, 1.5 mg; 
choline chloride, 750 mg; cobalt, 1.2 mg; copper, 8.8 mg; zinc, 
84 mg; manganese, 106 mg; iron, 44 mg; iodine, 1.2 mg; and 
selenium, 0.15 mg.

Oil supplements
Flaxseed and sunflower oils were purchased from 

a commercial company (AyhanSezer Co Ltd., Bandır-
ma, Balıkesir) and stored at +4°C during the study. 
The composition of fatty acids in oils was presented 
in Table 3.

M. KETEN, E. MATUR



J HELLENIC VET MED SOC 2022, 73(1)
ΠΕΚΕ 2022, 73(1)

3742 M. KETEN, E. MATUR

Table 2. Chemical composition (calculated) and energy levels of the experimental diets (calculated)
Faty acid name Faty acid number Flaxseed oil (ppm) Sunflower oil (ppm) 
Caprylic acid C8:0 Nd 1.047
Lauric acid C12:0 Nd 1.231
Myristic acid C14:0 1.509 1.99
Palmitic acid C16:0 2.027 40.13
Palmitoleic acid C16:1 Nd 1.874
Ginkgolic acid C17:1 1.49 1.646
Stearic acid C18:0 2.239 17.504
Oleic acid C18:1 (n-9) 4.535 197.074
Linoleic acid C18:2 (n-6) 3.885 303.261
Arachidic acid C20:0 1.828 2.878
Alpha-linolenic acid C18:3 (n-3) 6.625 1.811
Eicosenoic acid C21:1 (n-9) Nd 2.17
Heneicosanoic acid C21:0 Nd 4.581
Behenic acid C22:0 Nd 4.705
Tricosylic acid C23:0 Nd 1.662
Nervonic acid 24:1 (n-9) Nd 2.521

Nd = Not determined

Table 3. Fat acid comosition of flaxseed oil and sunflower oil
 Basal diet Flaxseed oil Sunflower oil
Dry matter (%) 89, 37 89, 42 89, 22
Crude protein, % 17, 29 16, 8 16, 69
Crude fat, % 3, 85 5, 44 5, 43
Crude fibre, % 2, 7 2, 48 2, 52
Ash, % 15, 15 16, 62 16, 59
Nitr-free core matter, %* 50, 38 48, 08 47, 99
Starch, % 39, 02 38, 58 38, 72
Sugar, % 3, 41 3, 4 3, 41
Calcium, % 3, 69 3, 71 3, 65
Utilizable phophorus, % 0, 43 0, 41 0, 39
ME, MJ/kg feed** 10, 96 11, 35 11, 35

Nitrogen-free core matter*, % = Dry matter, % - (crude protein, % + crude fat, % + crude fiber, % + ash, %). **ME, MJ/kg food = (0, 
03431 x crude fat, g/kg) + (0, 01551 x crude protein, g/kg) + (0, 01669 x starch, g/kg) + (0, 01301 x sugar, g/kg).

Fatty acid analysis 
An oil sample of 100μl was dissolved in 10 ml 

hexane. 2N KOH dissolved in 100 ml methanol 
was added and centrifuged for 30 sec. The methyl 
ester layer formed on the top by centrifuging was 
gently removed and used for the analysis (David 
et al., 2003). The fatty acid analysis of methyl 
esters was carried out using a gas chromatograph 
(Shimadzu GC-MS QP 2010 ULTRA, Kyoto, Ja-
pan) equipped with a fused silica capillary col-
umn (RTX-2330, 60 m length × 0.25 mm i.d. with 
a 0.25 μm film thickness). The column tempera-
ture, injection temperature, interface tempera-
ture, and ion source temperature were 100, 250, 
250, and 200 °C, respectively. The fatty acids 

were identified from their peak retention times 
compared to the standards. Helium was used as 
the carrier gas at 2 µL/ min (Omri et al., 2019).

Performance parameters 
Eggs were collected daily at the same hour, 

weighed on a precision scale with 0.1g accuracy, and 
the measurements were recorded. Egg production, 
mean egg weight, and egg mass were calculated (Egg 
production = the number of produced egg/number of 
hens x 100. Egg mass = egg production (%) x mean 
egg weight (g) (Araújo et al., 2015).

Quality parameters
The sensory attributes were evaluated in eggs col-

lected at the last week of the study. Twenty eggs were 
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randomly selected from each subgroup. (A total of 60 
eggs from the stressed group 3x20 and 60 eggs from 
the unstressed group 3x20). External quality parame-
ters such as eggshell weight, thickness, and strength 
and internal quality parameters such as Haugh unit, 
albumen height, and yolk color were estimated. Egg-
shell weight was measured by a precision scale with 
0.01g accuracy (Precisa XT 6200C, Dietikon, Swit-
zerland). Other quality parameters were analyzed by 
a digital egg tester (DET6000, Nabel Co., Ltd, Kyoto, 
Japan), and eggshell thickness was measured with the 
equipment’s accessory digital caliper rule. 

Sensory attributes of eggs
Seven trained female panelists performed the sen-

sory analysis. All panelists were professionals at the 
research/development laboratory of a commercial 
poultry company. A total of 72 eggs (12 eggs from 
each subgroup) collected on the same day were used 
to evaluate sensory attributes. The eggs were boiled 
for 9 min, cooled under tap water for 10 min, peeled, 
and then cut into four pieces along the longitudinal 
axis. The pieces were labeled according to the sub-
group they belonged to and then offered to the pan-
elists. Cold drinking water was provided to clear the 
mouth between tastings. The panelists scored the eggs 
on a scale of 1-5 concerning the parameters such as 
taste, flavor, color, and texture. The sum of the scores 
was obtained to rank the groups. The panelists were 
also asked to evaluate the eggs’ odor, whether they 
smelled strange such as fish oil. 

Statistical analysis
SPSS software (SPSS, Inc., Chicago, USA) was 

used for the statistical analysis. Initially, the Shap-

iro-Wilk test was applied to determine the distribution 
of the data. The normally distributed data were ana-
lyzed by a factorial ANOVA in a 2x3 factorial design. 
Stress and feed were held as constant factors, whereas 
the measured parameters were considered the depen-
dent variables. The presence and absence of stress or 
three different diet types (basal, flaxseed oil-supple-
mented, and sunflower oil-supplemented) served as 
factors. Therefore, the main effects of stress and diet 
and stress-diet interaction were analyzed. When the 
interactive effect or the main effect of diet was signif-
icant, the source of difference was determined by the 
Post hoc tests, before which Levene’s test was applied 
to check whether the data were homogeneously dis-
tributed. The Tukey test was performed for the Post 
hoc analysis of the homogenously distributed data 
(significant at P>0.005 level). The Games-Howel test 
was applied for the non-homogenous data (significant 
at P<0.005 level). Mean values and standard errors of 
the mean were used in tables and graphics. Results 
were determined significant if the P-value was 0.05 
or lower. 

RESULTS
The fatty acid contents of the flaxseed oil and 

sunflower oil were shown in Table 3. The flaxseed 
oil contained eight different fatty acids, the majority 
of which was composed of alpha-linolenic acid (n:3; 
omega-3) with a 27.45% concentration. The n:6/n:3 
ratio was calculated as 0.58. Sunflower oil was rich 
in fatty acids with sixteen different components. Lin-
oleic acid (n:6, omega-6) was the highest fatty acid 
content with a 51.74% concentration. The n:6/n:3 for 
the sunflower oil was calculated as 167. 

Table 4. Effects of dietary flaxseed oil and sunflower oil supplementation and on body weight gain stressed and unstressed in laying 
hens
   Initial body weight Final Body weight Body weight gain
    (gr)  (gr)  (gr) 

Basal diet 1759.2 ± 17.1 1920.5 ± 31 161.2 ± 16.8
Stressed hens Flaxseed oil 1763.3 ± 18.2 2032.3 ± 38 268.9 ± 40.3

Sunflower oil 1773 ± 17.8 2048.6 ± 47 289.6 ± 52.3

Basal diet 1794.5 ± 20.8 2037.5 ± 44 264.5 ± 39.9
Unstressed hens Flaxseed oil 1804.2 ± 20.7 2055.2 ± 49 260.7 ± 49.5

Sunflower oil 1773.1 ± 21.8 2046.3 ± 52 242.5 ± 46.8
P= 0.180   P values   

Stress 0.895 0.193
Diet 0.132 0.648

  Stress x Diet 0.734 0.368
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Body weights of the hens were presented in Ta-
ble 4. The induced stress (P = 0.265) or dietary flax-
seed oil and sunflower oil supplements (P = 0.227) 
had no significant impact on body weights. Besides, 
stress-diet interaction was also found insignificant (P 
= 0.288).

The effects on egg production, egg weight, and 
egg mass were shown in Figure 1. Based on the data, 
the stress-diet interaction affected egg production (P 
= 0.001). Flaxseed oil increased egg production in 
the stress-exposed hens, whereas -in contrast- egg 
production was reduced in the non-stress group. Sun-
flower oil showed no impact on egg production. 

Figure 1. The effect of flaxseed oil and Sunflower oil on produc-
tion performance in stressed and unstressed laying hens

Stress-diet interaction significantly affected egg 
weight (P = 0.001). Flaxseed oil generated a limit-

ed-level increase in egg weight in the stressed hens. 
No significant difference was noted in the non-stress 
group. Sunflower oil significantly increased egg 
weight regardless of absence or presence of stress. 

The data revealed a significant stress-diet interac-
tion effect on egg mass (P = 0.001). Flaxseed oil sig-
nificantly increased egg mass in high stocking density 
stress-exposed hens while decreasing the unstressed 
birds’ relevant parameter. In contrast, sunflower oil 
showed no significant impact on egg mass. 

The data regarding eggs’ external quality parame-
ters were shown in Figure 2. The results revealed the 
noninfluence of stress, diet, and stress-diet interaction 
on eggshell weight (P = 0.491, P = 0.256, and P = 
0.488, respectively), eggshell thickness (P = 0.720, P 
= 0.301, and P = 0.999, respectively), and eggshell 
strength (P = 0.232, P = 0.078, and P = 0.953, respec-
tively).

Figure 2. The effect of flaxseed oil and Sunflower oil on external 
egg quality parameters in stressed and unstressed laying hens
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The data regarding eggs’ internal quality parame-
ters were shown in Figure 3. Based on the data, stress, 
diet, and stress-diet interaction did not affect Haugh 
unit (P = 0.736, P = 0.749, and P = 0.687, respective-
ly) and albumen height (P = 0.493, P = 0.889, and 
P = 0.859, respectively). Nevertheless, the stress-diet 
interaction has a significant effect on egg yolk color 
(P = 0.029). Dietary sunflower oil supplement signifi-
cantly reduced egg yolk yellow color intensity in the 
stressed hens while exerting no significant impact in 
the unstressed birds. Flaxseed oil did not generate a 
significant difference in hens’ yolk color regardless of 
absence or presence of stress. 

Figure 3. The effect of flaxseed oil and Sunflower oil on internal 
egg quality parameters in stressed and unstressed laying hens

Sensory quality tests revealed no repulsive odor in 
eggs. The unstressed hens’ eggs undoubtedly tasted 
much better with a more desirable flavor than those of 
the stressed hens. When the diet groups of the stressed 

hens were compared, flaxseed oil supplementation 
elicited a more appealing taste in eggs than in oth-
er subgroups. No significant difference was noted in 
terms of flavor, yolk color, and texture. Likewise, in 
the non-stress group, eggs of hens fed with flaxseed 
oil-supplemented diet ranked first in terms of taste, 
followed by basal diet and sunflower oil received 
hens, respectively. Oil supplementations also im-
proved the eggs’ texture of the unstressed hens. 

DISCUSSION
Fatty acid composition of dietary vegetable oil 

supplements -in particular- is of great importance 
while evaluating their potential benefits on produc-
tion performance; hence, studies revealed divergent 
results concerning the effects of oil-supplemented di-
ets in chickens (Ahmad, 2017). In the presented study, 
flaxseed oil contained approximately 37.6% saturated 
fatty acids (SFA) (myristic, palmitic, stearic, ginkgol-
ic, and arachidic acid) and 62.3% unsaturated fatty 
acids (UFA) (alpha-linolenic acid, linoleic acid, and 
oleic acid) with an SFA/UFA ratio of 0.60. The fat-
ty acid content of vegetable oils differs depending on 
environmental factors, plant variety (cultivar), and 
genotype (Wang et al., 2017). For instance, a study 
comparatively investigating the fatty acids composi-
tions of four different flaxseeds revealed divergent re-
sults than the presented study, indicating that the SFA, 
UFA, and SFA/UFA ratios were 10-16%, 84-89%, 
and 0.12-0.19, respectively (Qiu et al., 2020). The 
SFA/UFA or n-6/n-3 PUFA ratios play a critical role 
in the manifestation of oils’ biological effects in hens. 
Therefore, the fatty acids composition of vegetable 
oils should be analyzed before being administered as 
dietary supplements. 

In the study, neither the stress model induced by 
high stocking density nor the dietary oil supplements 
impacted bodyweights. Bodyweight is known to have 
changed due to the type, duration, and severity of 
stressors. Altan et al. (2000) reported that body weight 
was decreased in heat stress-exposed broiler chicks, 
whereas Plavnik and Yahav (1998) obtained the ex-
act opposite results. On the other hand, Nelson et al. 
(2018) showed no influence of stress on body weight, 
which is compatible with our findings. The presented 
study revealed consistent findings with previous stud-
ies concerning dietary oil supplementations’ effects 
in terms of body weight. Likewise, flaxseed oil and 
sunflower oil supplements were reported not to have 
exerted a significant difference in body weights of 
laying hens (Eseceli and Kahraman 2003). Similarly, 
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sunflower oil-supplemented diet did not affect body 
weight in broiler chicks (Fébel et al., 2008). Constant 
body weight is desirable in laying hens after maturi-
ty, which reveals that energy balance is maintained. 
When body weight increases, feed intake should also 
be increased to compensate for the metabolic rate (Du 
Plessis and Erasmus, 1972). On the contrary, when 
body weight is reduced, dietary energy will be target-
ed to restore weight loss instead of enhancing produc-
tion capacity. Economic loss is bound to be an inev-
itable outcome in either case. Therefore, the fact that 
the bodyweight remained unchanged either by stress 
or dietary applications was considered a positive out-
put of the study. 

The effect of dietary flaxseed oil on egg produc-
tion differed depending on the absence and presence 
of stress. While it increased egg production and egg 
mass in the stressed hens, it generated an exact oppo-
site effect in the unstressed birds. Flaxseed oil sup-
plement was previously reported to have decreased 
egg production and egg mass. Petrovic et al. (2012) 
and Schumann et al. (2000) showed that diets con-
taining 2% and 4% of flaxseed oil, respectively, re-
duced egg production in laying eggs. Shahid et al. 
(2020), consistently with our results, pointed out a 
decrease in egg mass in hens fed with a long-term (12 
weeks) flaxseed oil-containing diet. It was previously 
stated that flaxseed diets adversely affected egg pro-
duction by impairing the feed digestibility due to the 
anti-nutritional factors in flaxseed (Ahmad, 2017). 
However, why egg production was decreased by 
flaxseed oil supplementation decreased has not been 
clearly understood. Previous studies demonstrated 
that high energy level diets caused a decline in feed 
intake, leading to decreased egg production (Huang 
et al., 1989). In contrast, despite that sunflower oil is 
a high energy source, no adverse effect of sunflower 
oil-supplemented diet was noted on egg production 
in the study, which was thereby associated with an 
alternative underlying mechanism. When considering 
these oils’ fatty acid compositions -unlike sunflow-
er oil- flaxseed oil contains higher amounts of long-
chain unsaturated fatty acids such as myristic acid, 
stearic acid, arachidic acid (Tablo 3), which were re-
ported to have accelerated intestinal motility (Zhao et 
al., 2018). Furthermore, dietary oil supplementations 
were stated to have altered the transit of feed through 
the gastrointestinal tract and its absorption (Brelaz et 
al., 2019). Hence, flaxseed oil was shown to have in-
creased intestinal motility due to its cholinergic and 
histaminergic properties (Parkman et al., 1999; Fabi-

siak et al., 2017). Therefore, it can be deduced that the 
decrease in egg production and egg mass in the un-
stressed hens that received flaxseed oil-supplemented 
diet was associated with increased intestinal motility 
and, accordingly, impaired absorption due to saturat-
ed fatty acids contained in flaxseed oil. 

The fact that flaxseed oil increased egg produc-
tion in the stressed hens was an intriguing finding. 
The egg-laying process is governed by the hypotha-
lamic-pituitary-gonadal (HPG) axis in the hens, and 
the HPG axis is activated by gonadotropin-releasing 
hormone (GnRH) (Mishra et al., 2019). The high 
omega-3 content of flaxseed oil stimulates GnRH se-
cretion (Tran et al., 2016), and one of the key stim-
ulants of GnRH is catecholamines (Ottinger et al., 
1995). Catecholamine release from the adrenal glands 
is elevated during stress response (Sabban, 2007). 
It can be deduced that GnRH production was stim-
ulated both by catecholamine release, emerging as a 
stress response, and omega-3 contained in flaxseed 
oil in the stress-exposed hens fed with the flaxseed 
oil-supplemented diet. Therefore, it was considered 
that increased GnRH secretion might have resulted 
in an increase in egg production in the stressed hens 
that received flaxseed oil in their diet. Besides, cor-
ticotrophin-releasing factor (CRF) produced by the 
hypothalamus during stress is known to slow down 
intestinal motility, leading to prolonged transition of 
feed (Mertz, 2003), allowing improved feed absorp-
tion, which was considered to be associated with an 
increase in egg production and egg mass in the study. 

Egg weight is a production parameter of great 
concern for breeders since consumers tend not to 
purchase small-sized eggs, which reduces their mar-
ket value (Grobas et al., 1999). Physiological (hens’ 
being at the initial phase of laying) and nutritional 
factors (a low-energy diet or low amino acid diet) 
influence the egg’s size. Some stress factors are also 
known to reduce egg weight (Lara et al., 2013). Nev-
ertheless, high stocking density did not affect egg 
weight in the presented study. Furthermore, flaxseed 
oil did not exert an adverse effect on egg weight. On 
the contrary, a slight increase was noted in egg weight 
in the stressed hens. On the other hand, sunflower 
oil substantially increased egg weight attributed to 
the sunflower oil’s high linoleic acid (approximately 
51.74%) content. It is considered that less effective-
ness of flaxseed oil might have been associated with 
its lower linoleic acid (approximately 16.1%) content. 
Linoleic acid and other long-chain fatty acids within 
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lipoprotein complexes provide the egg’s development 
and play a significant role in egg weight gain (March 
and MacMillan, 1990). Hence, oil supplementations 
rich in linoleic acid were reported to have increased 
egg weight (Ribeiro et al., 2007). Moreover, their pos-
itive influence on egg weight was documented to have 
been more prominent in hens with insufficient linoleic 
acid storage. (Grobas et al., 1999). Therefore, the pos-
itive effect of sunflower oil on egg weight was consid-
ered explicit by the increase achieved in the stressed 
hens in the presented study, unlike previous reports. 

Egg quality is defined by the egg’s intrinsic and ex-
trinsic properties. In the study, eggshell weight, egg-
shell thickness, and eggshell strength were analyzed 
as extrinsic quality parameters. Corticosterone hor-
mone released during stress response in poultry was 
indicated to have played a significant role in eggshell 
formation (Klingensmith et al., 1984). It adversely af-
fects the laying period and reduces calbindin and os-
teopontin expressions effective in eggshell formation 
(Kim et al., 2015), impairing the shell quality such as 
weight, thickness, and strength. Concordantly, it was 
previously reported that specific stressors reduced 
eggshell weight (Mack et al., 2013), eggshell thick-
ness (Mahmoud et al., 1996), and eggshell strength 
(Lin et al., 2004). In the presented study, the induced 
stress model (high stocking density stress) had no 
adverse effect on eggs’ external quality parameters, 
which was considered to be associated with long-term 
stress exposure, allowing stress coping mechanisms 
to elicit adaptive responses to in-time reduced corti-
costerone release. Likewise, chronic stocking densi-
ty stress was reported to have no impact on eggshell 
strength in hens (Garcia-Rebollar et al., 2008). The 
available data revealed the inefficaciousness of oil 
supplements on eggshell quality. It was previously 
reported that dietary sunflower oil supplementation 
did not affect eggshell weight (Ceylan and Çufa-
dar, 2018), thickness (Cachaldora et al., 2005), and 
strength (Dong et al., 2018) (Promila et al., 2017). 
The conflicting results were indicated to have been 
linked with the dietary oils’ fatty acid contents (Ding 
et al., 2017). High eggshell quality emerges as a cru-
cial parameter through all aspects of the egg industry 
from production to consumption to avoid significant 
economic losses. The fact that eggshell quality was 
not affected with oil-supplemented diets was consid-
ered a favorable outcome. 

Haugh unit and albumen height represent the eggs’ 
protein content and freshness. High levels of these pa-

rameters are an indicator of good egg quality. Nei-
ther stress nor dietary oil supplementations affected 
Haugh unit and albumen height in the study, which is 
compatible with previous reports. It was shown that 
Haugh unit (Al-Saffar and Rose, 2002) and albumen 
height (El-Tarabany et al., 2016) were not influenced 
by stress. Likewise, dietary flaxseed oil and sunflower 
oil supplementations were reported to have no impact 
on the Haugh unit (Cherian et al., 2007; Midilli et al., 
2009) and albumen height (Cedro et al., 2009). Egg 
yolk color is a crucial intrinsic egg quality parameter 
that determines consumer preferences. In the study, 
yolk color significantly faded in the stressed hens fed 
with a sunflower oil-supplemented diet while gen-
erating no significant impact in the unstressed birds 
(Figure 3). β-carotene is one of the main constituents 
of yolk coloration, and dietary intake of β-carotene is 
benefitted in metabolic regulation processes against 
stress exposure due to its good antioxidant properties. 
However, sunflower oil (Xixuan et al., 2000) and its 
high omega-6 content (Hollander et al., 1978) were 
shown to have decreased β-carotene absorption in the 
body. When the stress-exposed hens have received a 
sunflower oil-supplemented diet, β-carotene absorp-
tion is inevitably bound to have declined while a great 
deal of it is concurrently used up to compensate to the 
demands of the oxidative processes. Therefore, paling 
of yolk’s yellow color in the stressed hens on sun-
flower oil diet was considered to be associated with 
reduced β-carotene levels. There is an existing false 
notion that an intense yellow color is an indicator of 
eggs’ high nutritional value (Moreno et al., 2020) and 
thus affected consumer demand increasing the mar-
ket value. However, no correlation was established 
between yolk color’s intensity and the egg’s nutri-
tional value (Mızrak et al., 2012). On the other hand, 
yolk color should be taken into account while select-
ing eggs for their breeding merits since carotenoids 
facilitate antioxidant defense mechanisms in tissue 
responses to oxidative damage during the incubation 
period. (Blount et al., 2000). Even though this does 
not pose a problem concerning the eggs’ nutritional 
value, a faded yellow yolk color in the stressed hens 
that received sunflower oil was considered an unfa-
vorable result regarding both consumer demand and 
breeders concerning the selection of eggs to be kept 
for incubation. 

Consumer demands are mostly directed by senso-
ry properties of foods since the urge for purchase is 
essentially based on the color, odor, taste, and flavor 
of the food products (Ertaş and Doğruer, 2010), which 
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also applies to consumers preferences for eggs. Var-
ious vegetable oils and fatty acids have been wide-
ly used in recent years to enhance eggs’ nutritional 
quality (Keten, 2019). On the other hand, dietary oil 
supplements were also reported to have altered eggs’ 
sensory characteristics (Rokka et al., 2002). In the 
presented study, oil supplements did not adversely 
affect the eggs’ sensory attributes. The absence of a 
strange odor in eggs was associated with the optimum 
concentrations of oils in the diet since it was previous-
ly shown that higher concentrations of vegetable oils 
deteriorated the taste and flavor of the eggs, generat-
ing a repulsive odor. (Hayat et al., 2010). The collect-
ed data revealed that dietary flaxseed oil supplemen-
tation improved the eggs’ taste both in the stressed 
and unstressed hens. It was also previously reported 
in similar studies that flaxseed adversely affected the 
eggs’ taste (Leskanich and Noble 1997; Subhani et al., 
2020), which was indicated to have varied depending 
on the preparation method of oils, concentrations of 
their volatile components, or trimethylamine content 
(Parpinello et al., 2001). In the study, stress adversely 
affected the eggs’ taste. Poor palatability was previ-
ously associated with the substantial role of oxidative 
processes of lipids contained in eggs in the stress-ex-
posed hens (Imran et al., 2015). Likewise, oxidative 
stress was reported to have induced lipid oxidation in 
the egg as in tissues. (Bölükbaşı et al., 2007). The im-
proved taste in the stressed hens’ eggs that received 
a flaxseed oil-supplemented diet was considered to 
have resulted from flaxseed oil’s antioxidant proper-
ties (Hashim et al., 2019). 

CONCLUSION
Flaxseed oil increased production performance in 

the hens exposed to high stocking density stress, im-
proved eggs’ taste and texture in both stressed and un-
stressed birds with no impact on intrinsic or extrinsic 
egg quality parameters. Therefore, it was deduced that 
a flaxseed oil-supplemented diet might have generat-
ed beneficial effects in the stress-exposed hens. How-
ever, its potential adverse effect on egg production 
and egg mass should be carefully assessed in the un-
stressed hens. Dietary sunflower oil supplementation 
proved efficient in improving production performance 
and egg texture in both stressed and unstressed birds 
without exerting a negative impact on eggs’ internal 
and external quality parameters except for egg yolk’s 
yellow color. Therefore, it can be concluded that sun-
flower oil is recommended to be included in both 
stressed and unstressed hens’ diets due to its benefits. 

ACKNOWLEDGEMENTS
This project was supported by the Scientific Re-

search Projects Unit of Istanbul University- Cer-
rahpaşa. Turkey. The project number is TDK-2018-
27671. Moreover, we would like to express our 
gratitude to Mukaddes Ozcan, Hüseyin Eseceli, Elif 
Ergül Ekiz, Ezgi Ergen, Mert Erek, Songül Erhan, 
Burak Karahangil, and Zeynep Aruç Tatlıağız for 
their support.

CONFLICT OF INTEREST
There is no conflict of interest in the present pub-

lication.

REFERENCES

Abbasi F, Samadi F, Jafari SM, Ramezanpour S, Shams Shargh M (2019) 
Production of omega-3-enriched meat through feeding broilers with 
ultrasonicated flaxseed oil nanoemulsions: Performance, serum com-
position, physicochemical properties and oxidative stability. Iranian J 
Appl Anim Sci 9:487-496.

Ahmad S (2017) Supplemental linseed on egg production. In: Egg inno-
vation and strategies for improvement, Academic Press, New York: 
pp 347-364. 

Al-Saffar AA, Rose SP (2002) Ambient temperature and the egg laying 
characteristics of laying fowl. World Poult Sci J 58:317-331.

Altan Ö, Pabuçcuoğlu A, Altan A, Konyalioğlu S. Bayraktar H (2003) 
Effect of heat stress on oxidative stress, lipid peroxidation and some 
stress parameters in broilers, Br Poult Sci 44:545-550.

Araújo WAG, Albino LFT, Rostagno HS Pessoa GBS, Cruz SCS, Lelis 
GR, Carneiro PRO, Vieira RA (2015) Sunflower meal and supple-
mentation of an rnzyme complex in layer diets. Braz J Poult Sci 17 
(3) :363-370.

Baghban-Kanani P, Janmohammadi H, Ostadrahimi AR (2019) Effect of 
different levels of sunflower meal and niacin on performance, bio-
chemical parameters, antioxidant status, and egg yolk cholesterol of 
laying hens. Iranian J Appl Anim Sci 9 (4) :737-746.

Baghban-Kanani P, Hosseintabar-Ghasemabad B, Azimi-Youvalari S, 

Seidavi A. R. Ayasan, T, Laudadio V. Tufarelli, V (2018) Effect of 
different levels of sunflower meal and multi-enzyme complex on per-
formance, biochemical parameters and antioxidant status of laying 
hens. S Afr J Anim Sci 48 (2) :390-399.

Beheshti MB, Cherian G (2017) Use of flaxseed in poultry feeds to meet 
the human need for n-3 fatty acids. Worlds Poult Sci J 73:803-812.

Blount JD, Houston DC, Møller AP (2000) Why egg yolk is yellow. 
Trends Ecol Evol 5:47-49.

Bolukbaşı SC, Erhan MK, Keleş MS, Koçyiğit R (2007) Effect of dietary 
vitamin E on the performance, plasma and egg yolk vitamin E levels 
and lipid oxidation of egg in heat stressed layers. J Appl Biol Sci 1 
(3) :19-23.

Brelaz KCBTR, Cruz FGG, Brasil RJM, Silva AF, Rufino JPF, Costa VR, 
Viana Filho GB (2019) Fish waste oil in laying hens diets. Braz J 
Poult Sci 21:eRBCA-2019-1069. 

Cachaldora P, García-Rebollar P, Álvarez C, Méndez J, de Blas JC (2005) 
Effect of conjugated linoleic acid, high-oleic sunflower oil and fish 
oil dietary supplementation on laying hen egg quality. Span J Agric 
Res 3:74-82.

Carey JB, Kuo FL (1995) Effects of cage population on the productive 
performance of layer. Poult Sci 74:633-637.

Carraro JCC, Dantas MID, Espeschit ACR, Martino HSD, Ribeiro SMR 



J HELLENIC VET MED SOC 2022, 73(1)
ΠΕΚΕ 2022, 73(1)

3749M. KETEN, E. MATUR

(2012) Flaxseed and human health: reviewing benefits and adverse 
effects. Food Rev Int 28:203-230. 

Cedro TMM, Calixto LFL, Gaspar A, Curvello FA, Hora AS (2009) Inter-
nal quality of conventional and omega-3-enriched commercial eggs 
stored under different temperatures. Braz J Poult Sci 11 (3) :181-185.

Celebi S, Utlu N (2006) Influence of animal and vegetable oil in layer 
diets on performance and serum lipid profile. Int J Poult Sci 5 (4) : 
370-373.

Ceylan ME, Cufadar Y (2018) Effect of enzyme supplementation to lay-
ing hens diets containing different levels of sunflower seed meal on 
performance and egg quality. Selcuk J Agr Food Sci 32 (3) :402-406.

Ceylan N, Ciftçi I, Mızrak C, Kahraman Z, Efil H (2011) Influence of 
different dietary oil sources on performance and fatty acid profile of 
egg yolk in laying hens. J. Anim. Feed Sci 20:71-83.

Cherian G, Gonzalez D, Ryu KS, Goeger MP (2007) Longterm feeding of 
conjugated linoleic acid and fish oil to laying hens: effects on hepatic 
histopathology, egg quality, and lipid components. J Appl Poult Res 
16 (3) :420-428.

Clavijo V, Flórez MJV (2018) The gastrointestinal microbiome and its as-
sociation with the control of pathogens in broiler chicken production: 
A review. Poult Sci 97 (3) :1006-1021.

Costa FGP, de Souza JG, da Silva JHV, Rabello CBV, Goulart CC, Neto 
RCL (2008) Influence of linseed oil on performance and egg quality 
of semi-heavy laying hens. R Bras Zootec 37:861-868.

David F, Sandra P, Wylie P (2003) Improving the analysis of fatty acid 
methyl esters using retention time locked. method and retention time 
databases. application note 5990-4822EN, Agilent Technologies pub-
lication 5988-5871EN. AOAC Official methods of analysis (1990), 
method 969.33.

Ding X, Yu Y, Su Z, Zhang K. (2017) Effects of essential oils on perfor-
mance, egg quality, nutrient digestibility and yolk fatty acid profile in 
laying hens. Anim Nutr 3 (2) :127-131.

Dong XF, Liu S, Tong JM (2018) Comparative effect of dietary soybean 
oil, fish oil, and coconut oil on performance, egg quality and some 
blood parameters in laying hens. Poult Sci 97 (7) :2460-2472.

Du Plessis P, Erasmus J (1972) The relationship between egg production, 
egg weight and body weight in laying hens. Worlds Poult Sci J 28 
(3) :301-310. 

Ehr IJ, Persia ME, Bobeck EA (2017) Comparative omega-3 fatty acid 
enrichment of egg yolks from first-cycle laying hens fed flaxseed oil 
or ground flaxseed. Poult Sci 96 (6) :1791-1799. 

Eid Y, Ebeid T, Moawad M, El-Habbak M (2008) Reduction of dexameth-
asone-ınduced oxidative stress and lipid peroxidation in laying hens 
by dietary vitamin e supplementation. Emir J Food Agric 20:28-40.

El-Tarabany MS (2016) Impact of cage stocking density on egg laying 
characteristics and related stress and immunity parameters of Japa-
nese quails in subtropics. J Anim Physiol Anim Nutr (Berl) 100:893-
901.

Ertaş N, Doğruer Y (2010) Texture in food. J Fac Vet Med Univ Erciyes 
7:35-42.

Eseceli H, Kahraman R (2003) Effect of dietary supplementation of sun-
flower and fish oil with vitamin E or C on performance in layers. Food 
Fed Sci Tech J 4:13-22.

Fabisiak A, Wlodarczyk J, Fichna J (2017) Targeting histamine receptors 
in irritable bowel syndrome: A critical appraisal. J Neurogastroenterol 
Motil 23 (3) :341-348.

Fébel H, Mézes M, Pálfy T, Hermán A, Gundel J, Lugasi A. Balogh K, 
Kocsis I, Blázovics A (2008) Effect of dietary fatty acid pattern on 
growth, body fat composition and antioxidant parameters in broilers. 
J Anim Physiol Anim Nutr 92 (3) :369-376.

Garcia-Rebollar P, Cachaldor P, Alvarez C, De-Blas C, Mendez J (2008) 
Effect of the combined supplementation of diets with increasing lev-
els of fish and linseed oils on yolk fat composition and sensorial qual-
ity of eggs in laying hens. Anim Feed Sci Technol 140:337-348.

Geng, AL, Liu HG, Zhang Y, Zhang J, Wang HH, Chu Q, Yan ZX (2020) 
Effects of indoor stocking density on performance, egg quality, and 
welfare status of a native chicken during 22 to 38 weeks. Poult Sci 
99 (1) :163-171.

Grobas S, Mateo GG, Mendez J (1999) ınfluence of dietary linoleic acid 
on production and weight of eggs and egg components in young 
brown hens. J Appl Poultry Res 8 (2) :177-184.

Grobas S, Mendez J, Lazaro R, De Blas C, Mateo GG (2001) Influence of 
source and percentage of fat added to diet on performance and fatty 
acid composition of egg yolks of two strains of laying hens. Poult Sci 
80 (8) :1171-1179.

Hashim AF, Hamed SF, Abdel Hamid HA, Abd-Elsalam KA, Golonka I, 
Musiał W, El-Sherbiny IM (2019) Antioxidant and antibacterial ac-
tivities of omega-3 rich oils/curcumin nanoemulsions loaded in chi-
tosan and alginate-based microbeads. Int J Biol Macromol 1 (140) 
:682-696. 

Hayat Z, Cherian G, Pasha TN, Khattak FM, Jabbar MA (2010) Sensory 
evaluation and consumer acceptance of eggs from hens fed flax seed 
and 2 different antioxidants. Poult Sci 89:2293-2298.

Herkel R, Gálik B, Bíro D, Rolinec M, Šimko M, Juráček M, Majlát M, 
Arpášová H (2014) The effect of pumpkin and flaxseed oils on se-
lected parameters of laying hens performance. Acta Fytotech Zootech 
17:96-99.

Hollander D, Ruble PEJ (1978) β-carotene intestinal absorption: bile, fat-
ty acid, pH and flow rate effects on transport. Am J Physiol 235 (6) 
:E686-91

Huang Z, Leibovitz H, Lee CM, Millar R (1989) Effect of dietary fish oil 
on ω-3 fatty acid levels in chicken eggs and thigh flesh. J Agric Food 
Chem 38 (3) :743-747.

Imran M, Anjum FM, Nadeem M, Ahmad N, Khan MK, Mushtaq Z, Hus-
sain S (2015) Production of Bio-omega-3 eggs through the supple-
mentation of extruded flaxseed meal in hen diet. Lipids Health Dis 
14 (1). 

 Jahanian R, Mirfendereski E (2015) Effect of high stocking density on 
performance, egg quality, and plasma and yolk antioxidant capacity 
in laying hens supplemented with organic chromium and vitamin C. 
Livest Sci 177:117-124.

Jia W, Slominski BA, Guenter W, Humphreys A, Jones O (2008) The ef-
fect of enzyme supplementation on egg production parameters and 
omega-3 fatty acid deposition in laying hens fed flaxseed and canola 
seed. Poult Sci 87:2005-2014.

Kang HK, Park SB, Jeon JJ, Kim HS, Kim SH, Hong E, Kim CH (2018) 
Effect of stocking density on laying performance, egg quality and 
blood parameters of Hy-Line Brown laying hens in an aviary system 
Europ Poult Sci 82.

Kang HK, Park SB, Kim SH, Kim CH (2016) Effects of stock density on 
the laying performance, blood parameter, corticosterone, litter quali-
ty, gas emission and bone mineral density of laying hens in floor pens. 
Poult Sci 95 (12) : 2764-2770.

Karunajeewa H, Tham SH, Abu-Serewa S (1989) Sunflower seed meal, 
sunflower oil and full-fat sunflower seeds, hulls and kernels for laying 
hens, Anim Feed Sci Technol 26:45-54.

Keten M (2019) Review on the beneficial effects of omega-3 enriched 
eggs by dietary flaxseed oil supplementation. J Istanbul Vet Sci 3:89-
94.

Kim YH, Kim J, Yoon HS, Choi YH (2015) Effects of dietary corticoste-
rone on yolk colors and eggshell quality in laying hens. Asian Aus-
tralas J Anim Sci 28 (6) :840-846.

Klingensmith PM, Hester PY, Wilson EK (1984) Relationship of plasma 
corticosterone and adrenal cholesterol and corticosterone to the pro-
duction of soft-shelled and shell-less eggs. Poult Sci 63:1841-1845.

Küçükersan K, Yeşilbağ D, Küçükersan S (2010) Influence of different di-
etary oil sources on performance and cholesterol content of egg yolk 
in laying hens. J Biol Environ Sci 4:117-122.

Lacombe S. Berville A (2001) A dominant mutation for high oleic acid 
content in sunflower (Helianthus annuus L.) seed oil is genetically 
linked to a single oleate-desaturase RFLP locus. Mol Breed 8:129-
137.

Lara LJ, Rostagno MH (2013) Impact of heat stress on poultry production. 
Animals (Basel) 3:356-369.

Le Clef E, Kemper T (2015) Sunflower seed preparation and oil extraction, 
Editor (s) : Enrique Martínez-Force, Nurhan Turgut Dunford, Joaquín 
J. Salas, Sunflower, AOCS Press, 187-226.

Lee JY, Kang SK, Heo YJ, Shin DW, Park TE, Han GG, Jin GD, Lee HB, 
Jung E, Kim HS, Na Y, Kim EB, Choi YJ (2015) Influence of flaxseed 
oil on fecal microbiota, egg quality and fatty acid composition of egg 
yolks in laying hens. Curr Microbiol 72 (3) :259-266. 

Leskanich CO, Noble RC. (1997) Manipulation of the n-3 polyunsaturat-



J HELLENIC VET MED SOC 2022, 73(1)
ΠΕΚΕ 2022, 73(1)

3750 M. KETEN, E. MATUR

ed fatty acid composition of avian eggs and meat. World’s Poult Sci 
J 53:155-183.

Lin H, Mertens K, Kemps B, Govaerts T, De Ketelaere B, De Baerde-
maeker J, Decuypere E, Buyse J (2004) New approach of testing 
the effect of heat stress on eggshell quality: mechanical and material 
properties of eggshell and membrane. Br Poult Sci 45:476-82.

Mack LA, Felver-Gant JN, Dennis RL, Cheng HW (2013) Genetic varia-
tion alters production and behavioral responses following heat stress 
in 2 strains of laying hens. Poult Sci 92:285-294.

Mahmoud KZ, Beck MM, Scheideler SE, Forman MF, Anderson KP, 
Kachman SD (1996) Acute high environmental temperature and cal-
cium-estrogen relationship in the hen. Poult Sci 75:1555-1562.

March BE, MacMillan C (1990) Linoleic acid as a mediator of egg size. 
Poult Sci 69:634-639.

Martinchik AN, Baturin AK, Zubtsov VV, Molofeev VIU (2012) Nutri-
tional value and functional properties of flaxseed. Vopr Pitan 81:4-10.

Mazalli MR, Faria DE, Salvador D, Ito DT (2004) A Comparison of the 
feeding value of different sources of fats for laying hens: 1. perfor-
mance characteristics. J App Poult Res 13:274-279.

Mertz HR (2003) Overview of functional gastrointestinal disorders: dys-
function of the brain-gut axis. Gastroenterol Clin North Am 32:463-
476.

Mızrak C, I Kamanlı, S Demirtaş, ŞE, Kalebaşı S, Karademir E, Doğu 
M (2012) Determination egg consumption and consumer habits in 
Turkey. Turk J Vet Anim Sci 36 (6) :592-560.

Midilli M, Bayram I, Erol H, Cetingul IS, Cakir S, Calikoglu E, Kiralan M 
(2009) The effects of dietary poppy seed oil and sunflower oil on per-
formance, reproduction and egg quality parameters and fatty acid pro-
file of egg yolk in the japanese quail. J Anim Vet Adv 8 (2) : 379-384.

Mishra B, Nirvay S, Sanjeev W (2019) Genetic and hormonal regulation 
of egg formation in the oviduct of laying hens. In: Poultry-An Ad-
vanced Learning. IntechOpen, London: pp 1-11.

Moreno JA, Díaz-Gómez J, Fuentes-Font L, Angulo E, Gosálvez LF, 
Sandmann G, Portero-Otin M, Capell T, Zhu C, Christou P, Nogareda 
C (2020) Poultry diets containing (keto) carotenoid-enriched maize 
improve egg yolk color and maintain quality. Anim Feed Sci and 
Technol 260:114334.

Nelson JR, McIntyre DR, Pavlidis HO, Archer GS (2018) Reducing stress 
susceptibility of broiler chickens by supplementing a yeast fermenta-
tion product in the feed or drinking water. Animals (Basel) 8 (10) :173

Omri B, Chalghoumi R, Izzo L, Ritieni A, Lucarini M, Durazzo A, Ab-
douli H, Santini A (2019) Effect of dietary incorporation of linseed 
alone or together with tomato-red pepper mix on laying hens’ egg 
yolk fatty acids profile and health lipid indexes. Nutrients 11 (4) :813.

Ottinger MA, Bakst M (1995) Endocrinology of the avian reproductive 
system. J Avian Med Surg 9:242-250.

Parkman HP, Trate DM, Knight LC, Brown KL, Maurer AH, Fisher RS 
(1999) Cholinergic effects on human gastric motility. Gut 45:346-
354. 

Parpinello GP, Meluzzi A, Sirri F, Tallarico N, Versari A (2001) Sensory 
evaluation of egg products and eggs laid from hens fed diets with 
different fatty acid composition and supplemented with antioxidants. 
Food Res Int 39:47-52.

Petrovic M, Gacic M, Karacic V, Gottstein Z, Mazija H, Medic H (2012) 
Enrichment of eggs in n−3 polyunsaturated fatty acids by feed-
ing hens with different amount of linseed oil in diet. Food Chem 
135:1563-1568.

Plavnik I, Yahav S (1998) Effect of environmental temperature on broiler 
chickens subjected to growth restriction at an early age. Poult Sci 77: 
870-872.

Promila, NK, Rakesh V, Jyoti S, Sajjan S. (2017) Influence of linseed oil 
supplementation on egg cholesterol content, fatty acid profile, and 
shell quality. J Pharm Innov 6 (11) :174-178.

Puron D, Santamaria R, Segura JC, Alamilla JL (1995) Broiler perfor-
mance at different stocking densities. J Appl Poultry Res 4:55-60.

Qiu C, Wang H, Guo Y, Long S, Wang Y, Abbasi AM, Guo X, Jarvis DI 
(2020) Comparison of fatty acid composition, phytochemical profile 
and antioxidant activity in four flax (Linum usitatissimum L.) variet-
ies. Oil Crop Science 5 (3) :136-141.

Raes K, Huyghebaert G, De Smet S, Nollet L, Arnouts S, Demeyer D 
(2002) The deposition of conjugated linoleic acids in eggs of lay-
ing hens fed diets varying in fat level and fatty acid profile. J Nutr 
132:182-189.

Ribeiro BRC, Lara LJC, Baião NC, Lopez CAA, Fiuza MA, Cançado 
SV, Silva GMM (2007) Effect of linoleic acid level in the diets on 
the weight, composition and eclodibility of broiler breeders eggs. Arq 
Bras Med Vet Zootec 59:789-796.

Rokka T, Alénb K, Valaja J, Ryhänena EL (2002) The effect of a Camelina 
sativa enriched diet on the composition and sensory quality of hen 
eggs. Food Res Int 35:253-256.

Sabban EL (2007) Catecholamines in stress: molecular mechanisms of 
gene expression. Endocr Regul 41 (2-3) :61-73.

Sangkaew M, Rahman M, Koh K (2017) Effects of high oleic acid sun-
flower oil on egg quality and fatty acid composition of egg yolk in 
laying hens. J Agric Sci Technol 4 (2) :180-184.

Schumann BE, Squires EJ, and Leeson S (2000) Effect of dietary flaxseed, 
flax oil and n-3 fatty acid supplement on hepatic and plasma charac-
teristics relevant to fatty liver haemorrhagic syndrome in laying hens. 
Br Poult Sci 41:465-472.

Seidavi AR, Azizi M, Ragni M, Laudadio V, Tufarelli V (2018) Practical 
applications of agricultural wastes in poultry feeding in Mediterra-
nean and Middle East regions. Part 2: tomato, olive, date, sunflower 
wastes. Worlds Poult Sci J 74 (3) : 443-452.

Shahid MS, Raza T, Wu Y, Hussain MM, Nie W, Yuan J (2020) Compara-
tive effects of flaxseed sources on the egg ALA deposition and hepatic 
gene expression in Hy-Line Brown hens. Foods 9 (11) :1663.

Steinhilber SH (2005) Influence of strain and age of hen and dietary fat on 
the incorporation of omega-3-fatty acids into chicken eggs and on egg 
quality parameters. Eur Poult Sci 69:94-95.

Subhani A, Yaseen MA, Fatima K (2020) Impact of flaxseed ınclusıon 
on omega-3 fatty acıd composıtıon, sensory evaluatıon of eggs and 
productıon performance ın layers. J Agric Res 58 (1) :21-25.

Surai PF, Kochish II, Fisinin VI, Kidd MT (2019) Antioxidant Defence 
Systems and Oxidative Stress in Poultry Biology: An Update. Anti-
oxidants (Basel) 8 (7) :235. 

Tran DQ, Ramos EH, Belsham DD (2016) Induction of Gnrh mRNA ex-
pression by the ω-3 polyunsaturated fatty acid docosahexaenoic acid 
and the saturated fatty acid palmitate in a GnRH-synthesizing neuro-
nal cell model, mHypoA-GnRH/GFP. Mol Cell Endocrinol 5 (426) 
:125-135.

Vilvert E, Lana M, Zander P, Sieber S (2018) Multi-model approach for 
assessing the sunflower food value chain in Tanzania. Agric Syst 
159:103-110.

Wang H, Wang JH, Qiu CS, Ye YT, Guo XB, Chen G, Li T, Wang YF, Fu 
X, Liu RH (2017) Comparison of phytochemical profiles and health 
benefits in fiber and oil flaxseeds (Linum usitatissimum L.). Food 
Chem 214:227-233.

Wang Q, Jin G, Wang N, Guo X, Jin Y, Meihu M (2017) Lipolysis and 
Oxidation of Lipids during Egg Storage at Different Temperatures. 
Czech J Food Sci 35 (3) : 229-235.

Xiong X, Yang Y, Jiang X, Yu C, Peng H, Chen J, Xia B, Du H, Li Q, 
Zhang Z, Yang L, Qiu M, Hu C, Song X, Yan H, Yang C (2020) Ef-
fects of stocking density on performance, egg quality, reproductive 
hormones, and antioxidant capacity in egg-laying ducks. J Appl Anim 
Res 48:454-459.

Xixuan H, Jandacek RJ, White WS (2000) Intestinal absorption of β-car-
otene ingested with a meal rich in sunflower oil or beef tallow: post-
prandial appearance in triacylglycerol-rich lipoproteins in women. 
Am J Clin Nutr 71 (5) :1170-1180.

Yi H, Hwang KT, Regenstein JM, Shin SW (2014) Fatty acid composition 
and sensory characteristics of eggs obtained from hens fed flaxseed 
oil, dried whitebait and/or fructo-oligosaccharide. Asian-Australas J 
Anim Sci 27:1026-1034.

Zhao L, Huang Y, Lu L, Yang W, Huang T, Lin Z, Lin C, Kwan H, Leong 
H, Wong X, Chen Y, Sun S, Xie X, Fang X, Yang H, Wang J, Zhu 
L, Bian Z (2018) Saturated long-chain fatty acid-producing bacteria 
contribute to enhanced colonic motility in rats. Microbiome 6 (1).

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

