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A B S T R A C T

We evaluated the effects of oregano essential oil (OEO) added to the feed of semi-heavy laying hens during
winter. We measured performance as well as physical and chemical quality of fresh and 21-day stored eggs. A
total of 240 semi-heavy laying hens were distributed into six treatments and five replicates (n = 8 each).
Treatments consisted of five groups of hens fed diets supplemented with 0, 50, 100, 150 and 200 mg OEO/kg. We
measured the average of three productive cycles (1st: week 1–4, 2nd: week 5–8 and 3rd: week 9–12), and found
that feed consumption increased in hens in the control group and those in the group treated with 200 mg OEO/
kg; other zootechnical variables did not differ between treatments. When we analyzed each individual pro-
duction cycle individually, we did not observe differences between treatments for the performance variables in
the first or second cycles. However, in the third cycle, when the animals were exposed to a greater number of
days to cold stress, we recorded improved conversion rate/dozen eggs, conversion rate/daily feed consumed and
egg production at T50 (50 mg OEO/kg). Stored eggs from hens supplemented with 50 mg OEO/kg showed lower
eggshell percentages and higher yolk pHs. The intensity of the yellow was higher in yolks of the control group
and in those from hens supplemented with 200 mg OEO/kg. Lipid peroxidation was lower in fresh egg yolks from
hens that received 200 mg OEO/kg and stored eggs of T150. The reduction of lipid peroxidation in egg yolk is
beneficial to consumer health by reducing levels of free radicals consumed. Reduction of lipid peroxidation
associated with 150 mg OEO/kg in laying hens in winter might be useful for maintaining egg quality and for
prolonging shelf life; productive efficiency was improving even at 39.8 mg OEO/kg if we consider feed con-
version (kg/kg).

1. Introduction

In Brazil, eggs are usually stored without refrigeration. This practice
affects egg quality because the yolk is highly susceptible to lipid oxi-
dation (Hayat et al., 2010). The diet composition of laying hens directly
affects oxidative stability of the egg. Dietary supplementation with
antioxidants might improve egg oxidative stability (Yesilbag et al.,
2013). In this regard, the use of natural products such as plant extracts
have been considered a valuable alternative to antibiotics used as feed
additives (Akyurek and Yel, 2011).

Essential oils are natural volatile compounds formed as secondary

metabolites by aromatic plants (Bakkali and Idaomar, 2008). These
compounds improve food products derived from animals because of
antioxidant effects related to hydroxyl groups (Yesilbag et al., 2013).
The reaction of free radicals with fatty acids initiates a process known
as peroxidation in living systems and oxidative rancidity in foods (Silva
et al., 1999). Particularly in eggs, these processes are often accelerated
by variations of room temperature. Malondialdehyde (MDA) is widely
used to evaluate lipid oxidation in foods, in particular oxidative stress
in biological samples (Lima and Abdalla, 2001).

Various combinations of essential oils of oregano, thyme, rosemary
and Curcuma longa have been studied as supplements in diets of laying
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hens, aiming to improve their performance and oxidative stability of
their eggs (Nadia et al., 2008). Among these compounds, oregano
(Origanum vulgare) is considered an important source of antimicrobial
and antioxidant molecules (Arpášová et al., 2014), with desirable bio-
logical properties that improve the health of laying hens.

Recently, researchers found that oregano essential oil (OEO)
showed protective effects against heat stress in broilers (Tekce and Gül,
2017). In 2010, a study reported that aromatic herbal extract alone or
its blend with organic acids could be used in diets of chicks to improve
their production parameters, physiological performance and immune
responses in conditions of cold temperatures (Tollba and Shabaan,
2010). Therefore, there is strong evidence that feed supplementation
with oils and herbaceous extracts such as those derived from oregano
can improve performance and health in thermal stress conditions. OEO
would then be a desirable ingredient in laying hens under cold stress.
According to the literature, because hens have reduced feed intake
capacity, they are not able to access the metabolic energy required to
maintain body temperature and egg production, resulting in economic
losses (Alves et al., 2012). It is important to identify agents that will
minimize the negative effects of cold, because most poultry house do
not have air conditioning and birds suffer from cold stress. Therefore,
the objective of this study was to determine whether OEO in experi-
mental diets of laying hens during winter would improve performance
as well as physical, and chemical quality of fresh eggs and eggs stored
for 21 days at room temperature.

2. Material and methods

2.1. Animals

A total of 240 commercial semi-heavy laying hens (59-week-old)
were allocated in galvanized wire cages (50 × 50 × 40 cm) of an ex-
perimental poultry house without air conditioning and received water
and feed ad libitum. The experiment lasted 84 days, subdivided into
three cycles of 28 days each. Each cycle productive was composed of
four weeks (1st cycle: week 1–4, 2nd cycle: week 5–8, and 3rd cycle:
week 9–12).

The experiment was carried out in southern Brazil, and during the
experiment, the temperature oscillated throughout the day, reaching
negative temperatures (lower than 0 °C) on some days of experiment.
The maximum and minimum temperature as well as relative humidity
of the experimental period are presented in Fig. 1.

2.2. Experimental design

The hens were distributed in a completely randomized design of six
treatments and five repetitions with eight birds per cage. The basal diet
(Table 1) was formulated based on the nutritional values and in ac-
cordance with the requirements established by the Brazilian Poultry
and Pork Tables (Rostagno, 2017), with the inclusion of a commercial
vitamin and mineral blend (2%). The treatments consisted of a control
treatment (CT) consisting of basal diet with a performance improver
(30 mg of zinc bacitracin/kg of feed) and five treatments with basal diet
without bacitracin, supplemented with five levels of OEO (0, 50, 100,
150 and 200 mg/kg, respectively). OEO was diluted in soy oil and
subsequently the mixture was mixed with ground corn in a vertical
mixer (500 kg). The animals received 16 h of light daily throughout the
experiment.

2.3. Production and characterization of oregano oil

Oregano leaves were purchased from a wholesaler located in São
Paulo, Brazil. The OEO was extracted from dehydrated O. vulgare using
steam distillation methodology. The material was placed in an extrac-
tion flask and the distillation was maintained for 2 h. The average yield
of the extraction was 0.8%. OEO characterization was performed using

gas chromatograph Varian Star model 3400 CX (CA, EUA) equipped
with a flame ionization detection (GC-FID), in addition to qualitative
analyses of the compounds by gas chromatograph Shimadzu model
QP2010 Plus coupled with a mass spectrometer (GC/MS, Shimadzu
Corporation, Kyoto, Japan). The analyses revealed the existence of 35
compounds present in the OEO, with five representing the majority
(54.56%), as shown in Table 2.

2.4. Zootechnical performance

During each period of the experiment (28 days), daily feed average
consumption for each hen was monitored (g/bird/day). The daily
number of eggs was also registered and the average performance of the
hens after each period was estimated (%). Feed conversion was eval-
uated as kg of feed per dozen eggs and as kg of feed per kg of egg. Eggs
were weighed in the last three days of each period and the daily average
egg mass was estimated (g/bird/day). The number of dead hens was
used to evaluate viability (%).

2.5. Egg quality

To evaluate egg quality, a sample composed of four eggs for each
group was used. Two of these eggs were used immediately after col-
lection (fresh eggs) and two eggs were stored in a cellulose tray at room
temperature (25 ± 2 °C) for 21 days. Specific gravity of the eggs was
determined according to Freitas et al. (2004). Eggshell strength (kgf)
was measured with a texture analyzer (TA.XT plus) coupled to a specific
probe (SMS P 75). Albumen height was measured using a tripod Mi-
crometer. Haugh units (HU) were calculated from albumen height and
egg weight according to the following equation (Haugh, 1937):
HU = 100 log (H + 7.57–1.7 W0.37), where H is albumen height (mm)
and W is egg weight (g).

The yolk index (YI) was calculated as the ratio between yolk height
(mm) and diameter (mm), measured using a digital pachymeter. Yolk
color index was determined using a DSM color fan and a colorimeter
(Minolta CR-400) that provided the parameters of luminosity (L*), red
intensity (a*) and yellow intensity (b*). Yolks were separated from the
albumen. The eggshells were washed and dried at room temperature for
48 h. After drying, they were weighed and yolk, albumen and eggshell
percentages were determined. Yolk and albumen pH were measured
using a digital pHmeter (Testo 205).

2.6. Lipid peroxidation

Lipid peroxidation was determined using a spectrophotometer
(Giampietro et al., 2008) by measuring thiobarbituric acid reactive
substances (TBARS) at 532 nm, formed during the decomposition of
lipid peroxides. The compound 1,1,3,3 tetramethoxypropane (TMP)
was used as a TBARS standard. Results were expressed as mg TMP/kg of
yolk.

2.7. Statistical analysis

The data showed normal distribution. Data were subjected to ana-
lysis of variance (ANOVA) and Tukey's test (p < 0.05) using SAS
(Statistical Analysis System). Then, significant data were subjected to
regression analysis to identify the best OEO concentration for laying
hens (0, 50, 100, 150 and 200 mg/kg); the control treatment (TC: 30 mg
of zinc bacitracin in diet) was not included these regression analyses.

3. Results

3.1. Zootechnical performance

We considered the average of three productive cycles, and found
that laying hens in the control treatment (TC) with zinc bacitracin and
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those fed 200 mg/kg of OEO (T200) had higher feed intake than those
fed treatments T0 and T150 (Table 3). Nevertheless, when the regres-
sion analysis was performed, we did not find effect of OEO levels on
feed consumption in the three productive cycles (P = 0.095). Sig-
nificant differences were not observed between treatments for the other
performance parameters (conversion rate/dozen eggs, conversion rate/
daily feed consumed, egg production and mass). There were no sig-
nificant differences between the treatments in terms of viability.

When we analyzed each individual production cycle, we did not

observe differences between treatments for the performance variables
of the first and second cycles (Table 3). However, in the third cycle,
when the animals were exposed to a greater number of days of low
temperature, there were differences between treatments in terms of
conversion rate/dozen eggs, conversion rate/daily feed consumed and
egg production (Table 3). The T50 treatment (50 mg/kg OEO had the
best zootechnical indexes, that is, higher egg production and lower feed
conversion (Table 3).

In the regression analysis, we did not observe a quadratic effect of

Fig. 1. Temperature (minimum and maximum) and relative humidity during the experimental period of 84 days, divided into three productive cycles of 28 days
each. a) 1st cycle productive: week 1–4 (1–28 days); b) 2nd cycle productive: week 5–8 (28–56 days); c) 3rd cycle productive: week 9–12 (56–84 days).
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OEO levels on feed consumption (FC) in the 3rd production cycle (week
9–12) (R2 = 0.22; Fig. 3); a square root effect was verified for feed
conversion (FCV, kg/kg) also in the 3rd production cycle (week 9–12)
(R2 = 0.23; Fig. 3). Regression analysis showed that OEO levels for HR
and VCF were 54.6 and 39.8 mg/kg, respectively. Feed conversion
(FCV, kg/dozen; P = 0.19) and egg production (EP, %; P = 0.23) were
not significant in the regression analysis.

3.2. Egg quality

There were no significant differences (P > 0.05) in the quality of
fresh eggs (Table 4), with exception of the TBARS values, that showed
decreases that were linear with respect to OEO concentration. Yolk pH
of eggs stored for 21 days was significantly different (P < 0.05) for the

Table 1
Percentage and calculated composition of the experimental diets used to treat
laying hens.

Ingredients Composition (%)

Corn 63.34
Soybean meal (45% CP) 22.16
Soy oil 1.30
Limestone 11.20
Vitamin and Mineral Blend * 2.00
Total 100.00
Calculated composition
Crude protein (%) 15.00
Metabolizable energy (kcal/kg) 2.85
Available phosphorus (%) 0.28
Calcium (%) 4.00
Digestible methionine + cysteine (%) 0.69
Digestible methionine (%) 0.35
Digestible lysine (%) 0.68

* Product composition (kg): folic acid 54 mg, nicotinic acid 1.000 mg, pan-
tothenic acid 680 mg, biotin 2.70 mg, calcium 80/160 g, cobalt 27 mg, copper
6.000 mg, choline 10 g, iron 5.000 mg, phytase 20 FTU, phosphorus 42 g, io-
dine 40 mg, manganese 2.500 mg, mineral matter 900 g, methionine 38 g,
selenium 10 mg, sodium 95 g, vitamin A 374.000 IU, vitamin B1 40 mg, vitamin
B12 1.000 mcg, vitamin B2 200 mg, vitamin B6 54 mg, vitamin D3 75.000 IU,
vitamin E 1.500 IU, vitamin K 100 mg, and zinc 4.000 mg. CP = Crude protein.

Table 2
Composition of oregano essential oil (Origanum vulgare).

Components Composition (%)

Sabinene 3.09
β-Myrcene 1.13
α-Terpinene 4.99
p-Cymene 3.73
β-Phellandrene 1.11
γ-Terpinene 9.41
trans-Sabinene Hydrate 2.97
Terpinolene 1.67
Linalool 1.32
cis-Sabinene Hydrate 12.38
Cis-menth-2-en-1-ol 1.40
4-Terpineol 14.05
α-Terpineol 3.31
Carvacrol methyl ether 1.54
Linalyl acetate 4.18
Thymol 9.54
Carvacrol 9.18
trans-Caryophyllene 3.22
Bicyclogermacrene 1.85
Others* 8.18

*Percentage composition (α-thujene, α-pinene, β-pinene, cyclo-
butanol, α-phellandrene, limonene, α-methyl adamantane methyl
amine, β-ocymene, trans-menth-2-en-1-ol, endo-borneol, cispi-
peritol acetate, thymol methyl ether, gamma-terpinene, α-humu-
lene, spathulenol, caryophyllene oxide).

Table 3
Results for feed consumption (FC, g/hen/day), feed conversion (FCV, kg/dozen
and kg/kg) for each produced egg, egg production (EP, %) and egg mass (EM,
g/hen/day) of laying hens.

Treatment FC FCV (kg/dz) FCV (kg/kg) EP EM

Mean of the three cycles (84 days)
TC 116.0a 1.60 2.03 87.46 57.15
T0 109.2b 1.64 2.08 80.71 53.04
T50 111.6ab 1.55 1.98 86.83 56.57
T100 111.0ab 1.58 1.99 84.80 55.88
T150 108.8b 1.61 2.02 81.04 53.70
T200 114.8a 1.66 2.07 83.77 55.71
p-value 0.0021* 0.7826ns 0.8301ns 0.4946ns 0.4270ns

CV (%) 2.55 8.08 6.58 7.93 6.49
Results 1st cycle: week 1–4
TC 119.5 1.65 2.09 87.3 57.4
T0 117.2 1.74 2.16 82.0 54.8
T50 118.1 1.64 2.09 87.2 57.0
T100 117.3 1.66 2.07 85.7 57.2
T150 120.3 1.71 2.10 84.7 57.3
T200 118.9 1.66 2.10 86.5 56.9
p-value 0.652 ns 0.547 ns 0.847 ns 0.796 ns 0.804 ns

CV (%) 1.06 5.64 4.69 3.96 4.05
Results 2nd cycle: week 5–8
TC 105.1 1.42 1.81 89.2 58.3
T0 102.2 1.49 1.91 82.7 57.8
T50 106.2 1.46 1.89 87.9 56.6
T100 102.4 1.43 1.84 86.1 55.7
T150 98.0 1.44 1.83 81.7 53.7
T200 104.5 1.52 1.90 83.1 55.3
p-value 0.074 ns 0.413 ns 0.745 ns 0.203 ns 0.189 ns

CV (%) 2.14 6.95 5.26 3.78 2.97
Results 3rd cycle: week 9–12
TC 122.8a 1.72a 2.21a 85.8a 55.6
T0 108.8c 1.69a 2.16a 77.2b 50.4
T50 110.4bc 1.56b 1.98b 85.2a 56.0
T100 112.5ab 1.65ab 2.07ab 82.6ab 54.6
T150 107.5c 1.69a 2.15a 76.7b 50.0
T200 121.0a 1.80a 2.22a 81.6ab 54.7
p-value 0.001* 0.048* 0.031* 0.050* 0.068 ns

CV (%) 1.86 3.85 4.01 3.13 3.34

A, B Different letters in the same column differ statistically by Tukey test (5%);
Coefficient of variation (CV). No significantly different (ns); TC: the control
treatment with 30 mg of zinc bacitracin; T0: 0 mg/kg of oregano essential oil
(OEO); T50: 50 mg/kg of OEO; T100: 100 mg/kg of OEO; T150: 150 mg/kg of
OEO; T200: 200 mg/kg *(p < 0.05).

Fig. 2. TBARS levels in egg yolk (fresh and stored at 21 days) of hens fed diets
supplemented with oregano oil levels: T0: 0 mg/kg of oregano essential oil
(OEO); T50: 50 mg/kg of OEO; T100: 100 mg/kg of OEO; T150: 150 mg/kg of
OEO; T200: 200 mg/kg; *p < 0.05. Fresh eggs: Y = 1.964–0.00342X
(R2 = 0.57); storage by 21 days: Y = 2.24–0.00538X (R2 = 0.34). TC: the
control treatment with 30 mg of zinc bacitracin was not included in the re-
gression analysis to TBARS. The results of TBARS were presented as mean of the
three production cycles (1st: week 1–4, 2nd: week 5–8 and 3rd: week 9–12).
Different letters in the same line shows the difference between oil concentra-
tions tested at two moments: fresh eggs and stocked eggs (21 days).
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T50 treatment (Table 5). T0 and T200 resulted in higher values for
eggshell percentage compared to T50. Nevertheless, there were no
statistical differences between these two treatments and TC, T100 and
T50. Variables yolk pH (P = 0.051) and eggshell percentage (EP,
P = 0.216) were not significant in the regression analysis. In terms of
yolk color, no differences were observed for lightness, yellowness or
redness (Table 5).

TBARS levels in fresh eggs were not significantly different
(P < 0.05) between T200, T50 and T150, but were significantly higher
in the control group, T0 and T100. For stored eggs, T50 and T100 gave

higher TBARS levels than in other groups (Fig. 2).

4. Discussion

OEO in laying hen feed did not affect egg production. The only
treatment that caused an increase in feed consumption was the T200,
similar the result observed in quails (Yesilbag et al., 2013). Herbs and
extracts from various plants may exert positive effects on chicken ap-
petite and digestion in addition to antimicrobial properties (AL-KASSIE,
2009). Nevertheless, the addition of oregano leaves in the feed of tur-
keys resulted in lower feed intake (Bampidis et al., 2005). A number of
factors may affect feed intake, including animal species, age and the
amount of OEO. For example, when 150 mg/kg was added to the diet of
broiler chickens, the effect was positive; however, the same was not
seen using 300 mg/kg (Kırkpınar et al., 2011). A mixture of 1.0 and
2.0 g/kg of volatile oils used to supplement the basal diet of cockerels
increased their feed consumption due to poor palatability and changes
in odor (Tollba and Shabaan, 2010).

With respect to feed conversion, egg production and egg mass, there
were no significant differences. Similar results were obtained for laying
hens supplemented with 5 g/kg of oregano for 56 days (Botsoglou et al.,
2005). According to these authors, the effects could be explained by
diet composition, the use of healthy hens, clean environment and
moderate animal density. Furthermore, variations in the effects of OEO
supplementation can be a result of differences in composition and on
the concentration of components with specific biological activity
(Amad et al., 2011).

Internal quality of fresh eggs did not change after OEO treatment.
Regarding stored eggs, we observed increased pH of the yolk for T50,
possibly due to the increase of lipid peroxidation after egg storage
(Botsoglou et al., 1997). The alkaline ions from albumen migrate and
are replaced by hydrogen ions in the yolk, increasing the pH of the yolk
and lowering albumen pH (Shang et al., 2004). The eggshell percentage
was reduced by T50. This may enable gas exchange with the environ-
ment, with higher losses of carbonic gas to the environment during
storage. This result may be explained by the influence of OEO on the
metabolic activity of beneficial intestinal bacteria. This influence affects
the efficiency of calcium (Ca) and magnesium (Mg) absorption (M
Bozkurt et al., 2012a, 2012b). Phenolic compounds, such as carvacrol
and thymol, exhibit antibacterial activity, affecting both beneficial and
pathogenic bacteria (Fukayama et al., 2005). Other investigators ob-
served increased weight, thickness and strength of the eggshell asso-
ciated with higher retention and availability of nutrients in the in-
testinal tract of hens during the eggshell formation (Mehmet Bozkurt
et al., 2012a, 2012b). Nevertheless, these findings might be age-

Fig. 3. Feed consumption (FC, g/hen/day) and feed conversion (FCV, kg/kg) of
hens fed diets supplemented with oregano oil levels in the 3rd production cycle
(week 9–12): T0: 0 mg/kg of oregano essential oil (OEO); T50: 50 mg/kg of
OEO; T100: 100 mg/kg of OEO; T150: 150 mg/kg of OEO; T200: 200 mg/kg;
*p < 0.05. TC: the control treatment with 30 mg of zinc bacitracin was not
included in the regression analysis to FC and FCV.

Table 4
Specific gravity (SG), Haugh unity (HU), yolk index (YI), yolk pH (YpH), albumen pH (ApH), eggshell strength (ES. kgf), yolk percentage (YP), eggshell percentage
(EP), albumen percentage (AP), yolk color index (CI), luminosity (L*), red intensity (a*), and yellow intensity (b*) of fresh eggs.

Parameter TC T0 T50 T100 T150 T200 p-value CV (%)

SG 1.091 1.093 1.090 1.089 1.091 1.090 0.3547ns 0.22
HU 82.13 84.13 83.78 85.17 81.13 84.97 0.0941ns 2.93
YI 0.469 0.476 0.497 0.480 0.471 0.473 0.7383ns 20.04
YpH 6.03 6.05 6.08 6.02 6.06 6.11 0.3559ns 0.67
ApH 8.51 8.48 8.56 8.50 8.51 8.57 0.9356ns 1.78
ES 4701 4956 4971 4940 5566 5183 0.1096ns 9.13
YP 26.35 26.31 27.19 26.48 26.67 26.61 0.5118ns 2.87
EP 10.22 10.30 10.07 10.06 10.41 10.02 0.2958ns 3.02
AP 63.43 63.42 62.69 63.46 62.91 63.48 0.5718ns 1.37
CI 7.2 7.1 7.1 7.0 6.9 7.1 0.8594ns 5.71
L* 57.40 58.39 59.83 59.10 59.72 59.54 0.1390ns 2.61
a* −1.50 −1.89 −2.31 −1.95 −1.89 −2.14 0.1646ns 23.96
b* 41.88 42.96 44.69 43.77 43.88 42.91 0.2428ns 4.18

Coefficient of variation (CV); Not significantly different (NS). TC: the control treatment with 30 mg of zinc bacitracin; T0: 0 mg/kg of oregano essential oil (OEO);
T50: 50 mg/kg of OEO; T100: 100 mg/kg of OEO; T150: 150 mg/kg of OEO; T200: 200 mg/kg of OEO; *(p < 0.05). Note: The results were presented as mean of the
three production cycles (1st: week 1–4, 2nd: week 5–8 and 3rd: week 9–12).
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dependent, as suggested by Bozkurt et al. (2016).
Some authors reported changes in yolk color when diets were sup-

plemented with rosemary, oregano or saffron. They suggested that
some herbal compounds migrate to the yolk (Botsoglou et al., 2005).
The yellow color of the yolk is related to the amount of xanthophyll in
the diet and to the antioxidant activity of the pigments, including
carotene and xanthophyll, that protect lipids against oxidation (An
et al., 2010; Gül et al., 2012).

Lipid peroxidation is one of the main causes of food spoilage (Ruben
et al., 2014). In the current study, we observed that lipid peroxidation
was reduced in the yolk of fresh eggs for the T200 and in eggs after 21
day of storage for T150. This possible transfer of antioxidant com-
pounds in OEO to the yolk resulted in eggs with higher antioxidant
properties involved in the reduction of the amount of malondialdehyde
(Botsoglou et al., 2005). The antioxidant effect was related to carvacrol
and thymol in another study involving oregano and sage leaf oils, as-
sociated with reduction in the concentration of malondialdehyde in the
yolk of stored eggs (Mehmet Bozkurt et al., 2012a, 2012b). These
phenolic substances in OEO added to laying hen diets are subsequently
transferred to the yolk where they reduce lipid peroxidation via anti-
oxidant activity (Table 2). The antioxidant mechanisms of OEO are
based on both their ability to donate a hydrogen or an electron to free
radicals and their ability to delocalize the unpaired electron within the
aromatic structure of the phenolic substances, exerting a protective
effect against lipid oxidation (Fernandez-Panchon et al., 2008). Sup-
plementation of turkey diets with OEO at 200 mg/kg decreased lipid
oxidation of cooked and fresh meat during refrigerated storage for 1
week. OEO also preserved the quality of chicken meat under re-
frigeration or frozen storage alone or in combination with extracts from
other aromatic plants of the same family, showing strong antioxidant
activity (Botsoglou et al., 2003, 2002). According to the literature, lipid
peroxidation was lower in eggs stored at refrigeration temperatures;
however, the reduction was not affected by the duration of the storage.
This behavior suggests that there is transfer of antioxidant compounds
from OEO (Florou-Paneri et al., 2006). Furthermore, the concentration
of malondialdehyde was reduced in yolks of refrigerated eggs stored for
30 days in hens fed with rosemary and oregano (Yesilbag et al., 2013).
The influence exerted by essential oils on eggs may be related to the
presence of phenolic compounds that consist of a hydroxyl group acting
as hydrogen donors to peroxide radicals. This action retards the for-
mation of hydrogen peroxides (Farag et al., 1989).

Taken together, our results suggest that OEO exerted an antioxidant
effect by reducing lipid peroxidation in both fresh eggs and eggs stored
for 21 days. OEO produced no increase in production performance in

the hens in winter when considering the three productive cycles eval-
uated; we observed only an increase in feed consumption in the T200
group. Analyzing the third production cycle (week 9–12) individually,
we found that the recommended OEO dose for feed intake was 54.6 mg/
kg. On the other hand, if we consider feed conversion (kg/kg), the re-
commended OEO dose would be 39.8 mg/kg when laying hens were
exposed to colder temperatures. A global analysis led to the conclusion
that OEO feed supplementation of 150 mg/kg might be a useful alter-
native to maintain egg quality and to increase egg shelf life. Therefore,
we conclude that the OEO dose in laying hen diets should be chosen
according to the production purpose, i.e., production efficiency (lower
doses) or egg quality (higher doses).

Conflicts of interest

The authors declare no conflict of interest.

Ethics committee

This study was approved by the Ethics Committee in Animal
Research at the University of Santa Catarina State (UDESC), under
protocol number 1.39.15.

Acknowledgment

Thanks to CAPES (Brazil), CNPq (Brazil) and FAPESC (SC/Brazil) for
the financial support.

References

Akyurek, H., Yel, A., 2011. Influence of dietary thymol and carvacrol preparation and/or
an organic acid blend on growth performance, digestive organs and intestinal mi-
crobiota of broiler chickens. Afr. J. Microbiol. Res. 5, 979–984. https://doi.org/10.
5897/AJMR10.203.

AL-KASSIE, G.A.M., 2009. Influence of two plant extracts derived from thyme and cin-
namon on broiler performance. Pak. Vet. J. 29, 169–173.

Alves, F., GA, F., ICL, A.P., IA, N., GM, S., FR, C., RG, G., 2012. Impact of exposure to cold
on layer production. Brazilian J. Poult. Sci. 14, 223–226. https://doi.org/10.1590/
S1516-635X2012000300010.

Amad, A.A., Männer, K., Wendler, K.R., Neumann, K., Zentek, J., 2011. Effects of a
phytogenic feed additive on growth performance and ileal nutrient digestibility in
broiler chickens. Poult. Sci. 90, 2811–2816. https://doi.org/10.3382/ps.2011-01515.

An, S.Y., Guo, Y.M., Ma, S.D., Yuan, J.M., Liu, G.Z., 2010. Effects of different oil sources
and vitamin E in breeder diet on egg quality , hatchability and development of the
neonatal offspring. AJAS (Asian-Australas. J. Anim. Sci.) 23, 234–237.

Arpášová, H., Ka, M., Gálik, B., Juraj, Č., Mellen, M., 2014. The effect of oregano essential
oil and rhus coriaria L. on Selected Performance Parameters of Laying Hens 47,
12–16.

Bakkali, F., Idaomar, M., 2008. Biological effects of essential oils –. A review 46, 446–475.

Table 5
Specific gravity (SG), Haugh unity (HU), yolk index (YI), yolk pH (YpH), albumen pH (ApH), eggshell strength (ES. kgf), yolk percentage (YP), eggshell percentage
(EP), albumen percentage (AP), yolk color index (CI) by color fan, luminosity (L*), red intensity (a*), and yellow intensity (b*) in eggs after 21 days of room
temperature storage.

Parameter TC T0 T50 T100 T150 T200 pvalue CV (%)

SG 1.047 1.047 1.021 1.038 1.046 1.055 0.0743ns 0.94
HU 23.26 34.08 46.94 28.45 26.17 36.53 0.0509ns 36.52
YI 0.399 0.354 0.35 0.33 0.338 0.346 0.5938ns 6.62
YpH 6.12b 6.23b 6.57a 6.11b 6.19b 6.18b 0.0005* 2.34
ApH 9.43 9.41 9.23 9.39 9.37 9.37 0.0605ns 0.37
ES 5115 5063 3499 4406 4519 4999 0.0757ns 19.68
YP 28.92 27.8 29.07 29.13 28.04 28.37 0.6760ns 5.54
EP 9.99ab 10.37a 9.13b 9.77ab 9.85ab 10.18a 0.0204* 5.33
AP 61.09 61.95 61.82 60.92 62.14 61.45 0.8080ns 2.65
CI 6.6 6.9 7.2 6.7 7.3 7.2 0.1765ns 7.22
L* 60.27 58.59 58.43 59.83 62.53 63.19 0.0729ns 4.81
a* −1.12 −0.48 −0.72 −0.86 −0.69 −0.6 0.7549ns 92.01
b* 57.09 52.61 54.55 57.14 54.70 56.55 0.2031ns 8.35

A, B Different letters in the same column differ statistically by Tukey test (5%); Coefficient of variation (CV); Not significantly different (NS). TC: the control treatment
with 30 mg of zinc bacitracin; T0: 0 mg/kg of oregano essential oil (OEO); T50: 50 mg/kg of OEO; T100: 100 mg/kg of OEO; T150: 150 mg/kg of OEO; T200:
200 mg/kg of OEO *(p < 0.05). Note: The results were presented as mean of the three production cycles (1st: week 1–4, 2nd: week 5–8 and 3rd: week 9–12).

M.J. Migliorini, et al. Journal of Thermal Biology 85 (2019) 102409

6

https://doi.org/10.5897/AJMR10.203
https://doi.org/10.5897/AJMR10.203
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref2
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref2
https://doi.org/10.1590/S1516-635X2012000300010
https://doi.org/10.1590/S1516-635X2012000300010
https://doi.org/10.3382/ps.2011-01515
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref5
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref5
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref5
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref6
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref6
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref6


https://doi.org/10.1016/j.fct.2007.09.106.
Bampidis, V.A., Christodoulou, V., Christaki, E., Chatzopoulou, P.S., 2005. Effect of

dietary dried oregano leaves on growth performance , carcase characteristics and
serum cholesterol of female early maturing turkeys. Br. Poult. Sci. 46, 595–601.
https://doi.org/10.1080/00071660500256057.

Botsoglou, N., Botsoglou, E., Dotas, V., 2005. The effect of feeding rosemary , oregano ,
saffron and α -tocopheryl acetate on hen performance and oxidative stability. of eggs
35, 143–151.

Botsoglou, N.A., Florou-Paneri, P., Christaki, E., Fletouris, D.J., Spais, A.B., 2002. Effect of
dietary oregano essential oil on performance of chickens and on iron-induced lipid
oxidation of breast, thigh and abdominal fat tissues. Br. Poult. Sci. 43, 223–230.
https://doi.org/10.1080/0007166012012143.

Botsoglou, N.A., Grigoropoulou, S.H., Botsoglou, E., Govaris, A., Papageorgiou, G., 2003.
The Effects of Dietary Oregano Essential Oil and a -tocopheryl Acetate on Lipid
Oxidation in Raw and Cooked turkey during Refrigerated Storage, vol. 65. pp.
1193–1200. https://doi.org/10.1016/S0309-1740(03)00029-9.

Botsoglou, N.A., Yannakopoulos, A.L., Fletouris, D.J., Tserveni-Goussi, A.S., Fortomaris,
P.D., 1997. Effect of dietary thyme on the oxidative stability of egg yolk. J. Agric.
Food Chem. 45, 3711–3716. https://doi.org/10.1021/jf9703009.

Bozkurt, M., Binta, E., Seyrek, K., 2016. Comparative evaluation of dietary supple-
mentation with mannan oligosaccharide and oregano essential oil in forced molted
and fully fed laying hens between 82 and 106 weeks of age. Poult. Sci. 95,
2576–2591. https://doi.org/10.3382/ps/pew140.

Bozkurt, M., Küçükyilmaz, K., Çatli, A.U., Çınar, M., Binta, E., Çöven, F., 2012a.
Performance , egg quality , and immune response of laying hens fed diets supple-
mented with mannan-oligosaccharide or an essential oil mixture under moderate and
hot environmental conditions. Poult. Sci. 91, 1379–1386. https://doi.org/10.3382/
ps.2011-02023.

Bozkurt, Mehmet, Tokus, Ö., Küçükyılmaz, K., Aks, H., Seyrek, K., Çınar, M., 2012b.
Effects of dietary mannan oligosaccharide and herbal essential oil blend supple-
mentation on performance and oxidative stability of eggs and liver in laying hens.
Ital. J. Anim. Sci. 11, e-4–1. https://doi.org/10.4081/ijas.2012.e41.

Farag, R.S., Daw, Z.Y., Hewedi, F.M., El-Baroty, G.S.A., 1989. Antimicrobial activity of
some Egyptian spice essential oils. J. Food Prot. 52, 665–667.

Fernandez-Panchon, M.S., Villano, D., Troncoso, A.M., Garcia-Parrilla, M.C., 2008.
Antioxidant activity of phenolic Compounds : from in vitro results to in vivo evidence
A ntioxidant A ctivity of P henolic C ompounds : F rom in vitro R esults to in vivo E
vidence. Food Sci. Nutr. 48, 649–671. https://doi.org/10.1080/
10408390701761845.

Florou-Paneri, F., Giannenas, I., Christaki, E., Govaris, A., Botsoglou, N., 2006.
Performance of chickens and oxidative stability of the produced meat as affected by
feed supplementation with oregano, vitamin C, vitamin E and their combinations.
Arch. fur Geflugelkd. 70, 232–239.

Freitas, E.R., Sakomura, N.K., Gonzalez, M.M., 2004. Comparação de métodos de

determinação da gravidade específica de ovos de poedeiras comerciais. Pesqui.
Agropecuária Bras. 39, 509–512.

Fukayama, E.H., Bertechini, A.G., Geraldo, A., Kato, R.K., David, L., Murgas, S., 2005.
Extrato de Orégano como Aditivo em Rações para Frangos de Corte 1 Oregan Extract
as an Additive in the Broiler Diet 2005. pp. 2316–2326.

Giampietro, A., Scatolini, Mary, A., Boiago, M.M., Coró, Diego Marcel Ogoshi Souza,
H.B.A., Souza, P.A. de, Lima, T.M. de A., 2008. Estudo da metodologia de tbars em
ovos. Rev. Avis. 1–2.

Gül, M., Akif Yörük, M., Aksu, T., Kaya, A., Kaynar, Ö., 2012. The effect of different levels
of canola oil on performance, egg shell quality and fatty acid composition of laying
hens. Int. J. Poult. Sci. 11, 769–776. https://doi.org/10.3923/ijps.2012.769.776.

Haugh, R.R., 1937. The Haugh unit for measuring egg quality. U. S. Egg Poult. Mag. 43,
552–555.

Hayat, Z., Cherian, G., Pasha, T.N., Khattak, F.M., Jabbar, M.A., 2010. Oxidative stability
and lipid components of eggs from flax-fed hens: effect of dietary antioxidants and
storage. Poult. Sci. 89, 1285–1292. https://doi.org/10.3382/ps.2009-00256.

Kırkpınar, F., Ünlü, H.B., Özdemir, G., 2011. Effects of oregano and garlic essential oils on
performance , carcase , organ and blood characteristics and intestinal micro fl ora of
broilers. Livest. Sci. 137, 219–225. https://doi.org/10.1016/j.livsci.2010.11.010.

Lima, É.S., Abdalla, D.S.P., 2001. Peroxidação lipídica: mecanismos e avaliação em
amostras biológicas. Brazilian J. Pharm. Sci. 37, 293–303.

Nadia, R., Hassan, R.A., Qota, E.M., Fayek, H.M., 2008. Effect of natural antioxidant on
oxidative stability of eggs and productive and reproductive performance of laying
hens. Int. J. Poult. Sci. 7, 134–150.

Rostagno, H.S., 2017. Tabelas Brasileiras para Aves e Suínos: Composição de Alimentos e
Exigências Nutricionais, 4o ed. Produção Independente, Visçosa/MG, pp. 488.

Ruben, O., Valeria, N., Ruben, G.N., 2014. Antioxidant activity of fractions from oregano
essential oils obtained by molecular distillation. Food Chem. 156, 212–219. https://
doi.org/10.1016/j.foodchem.2014.01.087.

Shang, X.G., Wang, F.L., Li, D.F., Yin, J.D., Li, J.Y., 2004. Effects of dietary conjugated
linoleic acid on the productivity of laying hens and egg quality during refrigerated
storage. Poult. Sci. 83, 1688–1695.

Silva, F.A.M., Borges, M.F.M., Ferreira, M.A., 1999. Métodos para avaliação do grau de
oxidação lipídica e da capacidade antioxidante. Quím. Nova 22, 94–103.

Tekce, E., Gül, M., 2017. Effects of origanum syriacum essential oil on blood parameters
of broilers reared at high ambient heat. Brazilian J. Poult. Sci. 19, 655–662.

Tollba, A.A.H., Shabaan, S.A.M., 2010. Effects of using aromatic herbal extract and
blended with organic acids on productive and physiological performance of poultry
2-the growth during cold winter stress. Egypt. Poult. Sci. J. 229–248.

Yesilbag, D., Gezen, S.S., Biricik, H., Meral, Y., 2013. Effects of dietary rosemary and
oregano volatile oil mixture on quail performance , egg traits and egg oxidative
stability. Br. Poult. Sci. 54, 231–237. https://doi.org/10.1080/00071668.2013.
778389.

M.J. Migliorini, et al. Journal of Thermal Biology 85 (2019) 102409

7

https://doi.org/10.1016/j.fct.2007.09.106
https://doi.org/10.1080/00071660500256057
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref9
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref9
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref9
https://doi.org/10.1080/0007166012012143
https://doi.org/10.1016/S0309-1740(03)00029-9
https://doi.org/10.1021/jf9703009
https://doi.org/10.3382/ps/pew140
https://doi.org/10.3382/ps.2011-02023
https://doi.org/10.3382/ps.2011-02023
https://doi.org/10.4081/ijas.2012.e41
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref16
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref16
https://doi.org/10.1080/10408390701761845
https://doi.org/10.1080/10408390701761845
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref18
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref18
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref18
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref18
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref19
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref19
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref19
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref20
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref20
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref20
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref21
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref21
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref21
https://doi.org/10.3923/ijps.2012.769.776
http://refhub.elsevier.com/S0306-4565(19)30247-5/optaxHJadJkNE
http://refhub.elsevier.com/S0306-4565(19)30247-5/optaxHJadJkNE
https://doi.org/10.3382/ps.2009-00256
https://doi.org/10.1016/j.livsci.2010.11.010
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref25
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref25
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref26
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref26
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref26
http://refhub.elsevier.com/S0306-4565(19)30247-5/opt5As5ntw8pW
http://refhub.elsevier.com/S0306-4565(19)30247-5/opt5As5ntw8pW
https://doi.org/10.1016/j.foodchem.2014.01.087
https://doi.org/10.1016/j.foodchem.2014.01.087
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref28
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref28
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref28
http://refhub.elsevier.com/S0306-4565(19)30247-5/opth29bhWFp5H
http://refhub.elsevier.com/S0306-4565(19)30247-5/opth29bhWFp5H
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref29
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref29
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref30
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref30
http://refhub.elsevier.com/S0306-4565(19)30247-5/sref30
https://doi.org/10.1080/00071668.2013.778389
https://doi.org/10.1080/00071668.2013.778389

	Oregano essential oil in the diet of laying hens in winter reduces lipid peroxidation in yolks and increases shelf life in eggs
	Introduction
	Material and methods
	Animals
	Experimental design
	Production and characterization of oregano oil
	Zootechnical performance
	Egg quality
	Lipid peroxidation
	Statistical analysis

	Results
	Zootechnical performance
	Egg quality

	Discussion
	Conflicts of interest
	Ethics committee
	Acknowledgment
	References




