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Effect of dietary essential oil
of oregano on performance
parameters, gastrointestinal
traits, blood lipid profile, and
antioxidant capacity of laying
hens during the pullet phase

Alexa M. Johnson1, Gracie Anderson1,
Mireille Arguelles-Ramos1 and Ahmed A. B. Ali 1,2*

1Department of Animal and Veterinary Sciences, Clemson University, Clemson, SC, United States,
2Animal Behavior and Management, Veterinary Medicine, Cairo University, Cairo, Egypt
Many benefits have been found in supplementing essential oils such as oregano

oil (EOO) to poultry, including increased body weight gain, antioxidant activity,

and better gastrointestinal morphology. However, few studies tested the

influence of EOO supplementation on laying hens and reported conflicting

results regarding its efficacy in improving their health and performance.

Therefore, we aimed to explore the effects of dietary EOO on performance,

gastrointestinal (GIT) traits, blood lipid, and antioxidant capacity in laying hens

during the rearing phase. A total of 300-day-old Hy-line-Brown chicks were

used, and treatment diets consisted of corn-soybean based either without

(CON) or with EOO (Ecodiar®, 0.275 g/kg diet). Birds were randomized across

treatments with five pens/treatment and 30-birds/pen. Pen weights and feed

rejected were recorded every two weeks (1-17 weeks of age), to calculate daily

feed intake (ADFI), body weight (BW), and daily weight gain (ADWG). At 11 and

14 weeks of age, blood samples were collected from 3 birds/pen and analyzed

for blood lipids and antioxidant levels, and 5-birds/treatment were euthanized,

and GIT traits were tested. Differences in measured parameters across weeks

and between treatments were assessed using GLMMwith Tukey’s Post hoc test

applied to significant results in R 3.3.1 (a set at 0.05). Body weights at weeks 3,

11, 13, and 17 were significantly higher in the EOO group compared to the CON

group (all P ≤ 0.05), ADWG was significantly higher in EOO birds compared to

CON birds at 9 and 13 weeks old (all P ≤ 0.05), while no significant differences in

ADFI were observed between treatments across weeks of the trials. At both 11

and 17 weeks old, triglyceride levels were significantly lower, while high-

density-lipoprotein levels were higher in EOO (all P ≤ 0.05). Malondialdehyde

levels were lower in the EOO group versus CON (p=0.01), while EOO birds had

higher glutathione levels (p=0.01) than CON. Finally, at 12 weeks old, the
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weight of the entire GIT and empty gizzard were higher in the EOO group

versus CON (all P ≤ 0.05), while liver and spleen weights were not significantly

different between groups. In conclusion, dietary oregano supplementation

exerted promoting effects on the performance of Hy-Line Brown pullets.
KEYWORDS

oregano oil, laying hen, pullet, performance, lipid profile, antioxidant capacity,
gastrointestinal traits
Introduction

The earliest public concern about the use of antibiotics in

livestock was in Great Britain (Swann, 1969). In the last decade,

actual legislative action has occurred in the United States to prevent

the use of antibiotics as growth promoters (Lillehoj et al., 2018).

Various alternative products have been tested and used on poultry,

namely phytogenics (Gadde et al., 2017). An essential oil is a product

obtained by hydrodistillation, steam distillation, or dry distillation or

by a suitable mechanical process without heating (for Citrus fruits) of

a plant or some parts of it (Rubiolo et al., 2010).

Essential oils are composed of a variety of active compounds

that provide the oil with its specific properties (Bakkali et al.,

2008). These active compounds provide their parent plant with

antibacterial, antiviral, antifungal, and aromatic properties

(Bakkali et al., 2008). Essential oils have been shown to benefit

the health of swine, poultry, and ruminants like cattle and goats

(Nehme et al., 2021). Essential oils have various beneficial

mechanisms to biological processes, such as the degradation of

pathogens by acting as prooxidants and the prevention of

mutagens penetrating cell membranes (Bakkali et al., 2008).

Many benefits have been found in supplementing essential

oils to poultry. These benefits include increased body weight

gain, improved feed conversion ratio, better gastrointestinal

morphology, and increased antioxidant activity (Lee et al.,

2003; Bozkurt et al., 2009; Hashemipour et al., 2013; Ghazi

et al., 2015; Fonseca-Garcıá et al., 2017). Others have found

decreased bacterial counts on poultry products like table eggs

and meat (Migliorini et al., 2019; Denli et al., 2019).

One essential oil studied across poultry species is the

essential oil of oregano (EOO). Oregano strains can be found

across the world, including in countries like Greece and Turkey

(Leyva-López et al., 2017). The two main active ingredients in

EOO are carvacrol and thymol, with the percentage of each

compound varying between species (Leyva-López et al., 2017).

Oregano oil has been shown to have antibacterial, antioxidant,

antiviral, antiparasitic, and immunomodulatory effects when fed

to poultry (Alagawany et al., 2018).

Commercial layingflocksoften liveoverone year,making them

one of the longest types of poultry to be raised and producing
02
(USDA ERS, 2022). Known studies have conflicting results on the

efficacy of improving health and performance in poultry when

supplementing an essential oil (Wang et al., 2019; Adaszyńska-

Skwirzyńska et al., 2021; Ramirez, Peñuela-Sierra, and Ospina,

2021)with an thorough reviewwrittenbyWidodo (2020). Previous

studies supplement the essential oil of oregano in conjunction with

another substance (Ghazi et al., 2015; Amer et al., 2021; Saleh et al.,

2021). Based on these studies, there are conflicting results on the

effects of oregano oil on performance parameters, lipid profile, and

antioxidant capacity. The studies mentioned above only examined

laying hens older than 28weeks old. Based on our knowledge, there

are no studies have looked at the effects of dietary EOO on laying

hens younger than 17 weeks old. Health and performance during

the pullet phase sets a foundation for the subsequent production

and performance during the laying phase (Bouvarel et al., 2011).

Therefore, it is imperative to investigate the supplementation to

improve health and performance during the pullet phase. We

hypothesize that supplementing the essential oil will increase

health and performance of pullets, therefore better prepare them

for the laying phase. This study aimed to explore the effects of

dietary EOOonperformancemeasures, gastrointestinal traits, lipid

profile, and antioxidant capacity in laying hens during the

rearing phase.
Materials and methods

Ethical statement: This experiment was approved by the

Clemson University Institutional Animal Care and Use

Committee (IACUC protocol AUP2021-0068).

Animals and housing

Two hundred and ninety-day-old chicks (Hy-Line® Brown)

were obtained from a local commercial hatchery in December

2021. Birds were housed in 10 pens (29 birds per pen) in a

controlled ventilation and temperature house at Morgan Poultry

Center, Clemson, South Carolina, USA (34˚39 ’23”N,

82˚50’09”W). Each pen was 5.04 m2 with approximately 3 in. (7.6

cm) clean pine wood shavings covering the floor. For the first 3
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weeks, the heat was provided by a focal electric brooder per pen in

addition to a gas-fired brooder for the entire house. The

temperature was initially set at 95-97˚F at day 0, then

progressively reduced by 4-6˚F every week until 3 weeks, as focal

brooders were removed at this time. Temperature was reduced

weekly until 6 weeks of age to 70 ˚F, then maintained to the end of

the rearing phase (17 weeks), following the standard breed

guidelines (Hy-Line, 2022). Feed and water were provided ad

libitum. From 0 to 3 weeks, the feed was provided in tube feeders,

and water was in gallon drinkers. For the first week of life,

supplementary feed trays were provided. After 3 weeks, feed was

provided in circular hanging feeders, and water was available in

automatic cup drinkers.

Light was provided by a single 60-watt incandescent

overhead lightbulb per pen, and pens were kept on a

decreasing lighting schedule starting at 20L:4D cycle at 1 week

old and decreased by increments of either 1.5 or 2 hours until

10L:14D from 7 to 17 weeks old (Table 1; Hy-Line, 2022).
Experimental design

The chicks were randomly assigned to 2 treatments (5 pens

per treatment); a control group fed basal diet (CON), and an

experimental group (EOO) fed basal diet with oregano oil

supplementation following a completely randomized design.
Frontiers in Animal Science 03
The essential oil of oregano, EOO (Ecodiar® Powder,

Nutrinae, Palo Alto, CA, United States), was given in a dose of

0.275 g/1 kg basal diet per manufacturer’s instructions. Ecodiar®

Powder was a commercial product sourced from Origanum

vulgare ssp. Hirtum, contains 85-90% carvacrol and 0.5-02%

thymol, as provided by the manufacturer.

The basal diet was formulated to meet or exceed

requirements (Table 2), following the standard breed

guidelines (Hy-Line, 2022). The hens were fed a mash diet

throughout the experiment. The starter 1 diet was given from

0-3 weeks old, the starter 2 diet was given from 4-6 weeks old,

the grower diet was given from 7-15 weeks old, and the pre-lay

diet from 15-17 weeks of age.
TABLE 1 Lighting schedule used during the rearing phase.

Hours light: hours dark Age of birds (weeks)

20:4 0

18:6 2

16.5:7.5 3

15:9 4

13.5:10.5 5

12:12 6

10:14 7-17
Table of the lighting schedule during the rearing phase. Adapted from standard guidelines
for Hy-Line Brown hens.
TABLE 2 Ingredient percentage and calculated nutrient analysis of 4 basal diets used in this experiment.

Ingredient Starter 1 (%) Starter 2 (%) Grower (%) Pre-lay (%)

Corn 58.5 61.9 61.9 61.8

45% Soybean Meal 35.7 27.8 22.0 21.7

Mono-dicalcium Phosphate 1.45 1.41 1.38 2.19

Wheat Middlings 1.31 6.42 12.4 9.68

Calcium Carbonate 1.24 1.26 1.36 2.88

Soybean Oil 0.50 0.00 0.00 0.00

Salt 0.45 0.45 0.45 0.45

Choline chloride 60% 0.45 0.40 0.40 0.40

DL-Methionine 0.27 0.22 0.19 0.19

Vitamin/Mineral Premix* 0.15 0.15 0.15 0.15

L-Threonine 0.04 0.04 0.05 0.06

L-Lysine 0.00 0.03 0.05 0.53

Calculated analysis

Crude Protein 20.0 18.3 17.5 16.5

Crude Fat 1.89 1.66 1.90 1.95

Crude fiber 4.04 3.87 2.91 2.65

Calcium 1.05 1.00 0.95 2.50

Phosphorus 0.35 0.34 0.74 0.81

Metabolizable Energy (kcal/kg) 2926 2906 2882 2893
f

Samples of all diets were analyzed to confirm nutrient composition. *Provimi Corporate Layer 2 with phytase (Lewisburg, OH, USA) composed of: selenium 255 ppm, zinc 6.5%, vitamin A
8294000 IU/kg, phytase activity 399166.2 FTU/kg.
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Performance parameters

Body weight (BW) and average daily feed intake per bird

(ADFI) were calculated weekly at weeks 1, 3, 5, 7, 9, 11, 13, 15,

and week 17. Feed offered and refused were recorded weekly, and

ADFI was calculated, similarly, body weight of birds was used to

calculate average daily body weight gain per bird (ADWG) using

the following formulas.

ADFI =
Feed   offered  −feed   refused

#days  �#birds

ADWG =
Finish  weight  −start  weight  

#days

Gastrointestinal traits

A total of five birds per treatment (1 bird per pen) were

euthanized by cervical dislocation without anesthesia and

dissected following Saldaña et al. (2015). A small incision was

made at the distal end of the keel bone to access the abdominal

cavity. The proximal end of the GIT was cut at the post-crop

esophagus. The distal endwas cut before the cloaca. The entire tract

and accessory organs were excised and weighed as the whole GIT

(g). Liver and spleen were removed and weighed separately. The

duodenal loop was separated, and the entire length of the GIT was

measured in cm. The small intestine length (SI) from the end of the

gizzard to the ileocecal junction was measured in cm. Each cecum

wasmeasured from the ileocecal junction to the tip of the ceca to the

nearest tenth of a millimeter, and the results were presented as the

average (�x) of both ceca. The proventriculus (PROV) was removed

from the tract andweighedwhole (g). The proventriculus was then

cut open, and any contents were removed. The proventriculus was

then weighed again as proventriculus empty (g). The gizzard was

removed from the tract and weighed whole. It was then cut open,

and the pH was taken in each lobe by a calibrated handheld pH

meter (sympHony, VWR, Pennsylvania, USA). The average (�x) of

pHwas calculated. Finally, the gizzard contents were removed, and

the empty gizzard was weighed (g).

Blood lipid parameters

At 11 and 17 weeks of age, 3 birds per replicate were randomly

selected, and blood samples were taken from the brachial wing

vein. Whole blood samples were immediately transferred to an

EDTA vacutainer and placed on ice to be transported. Blood

samples were transferred to a 1.5 mL microcentrifuge tube, and

plasma was separated at 6000 rpm for 10 minutes at 4˚C. Plasma

samples were analyzed for total triglycerides, cholesterol, and

high-density lipoproteins (HDL). Triglycerides and cholesterol

were determined using Boehringer Mannheim commercial kits

(Baden-Wurttemberg, Germany), while HDL level was

determined using Roche commercial kits (Basel, Switzerland).
Frontiers in Animal Science 04
Estimation of antioxidant capacity

Serum total antioxidant capacity (TAC) was determined using

the Randox total antioxidant status kit (Randox Laboratories Ltd,

Crumlin, UK) following Habibi et al. (2014). Determination of

malondialdehyde (MDA), glutathione peroxidase (GSH-Px), and

superoxide dismutase (SOD) were determined by the colorimetric

method using commercial kits from Nanjing Bioengineering

Institute (Nanjing, Jiangsu, China). Alanine Transferase (ALT)

and aspartate transferase (AST) were determined using

commercial kits from Sigma-Aldrich (Burlington, M.A., USA).
Statistical analysis

Statistical analyses were performed using the R software ‘stats’

package (version 3.3.1, R Core Team, 2013). Descriptive statistics

werecalculatedusing the “psych”package. Evaluationofdatawitha

Shapiro-Wilk’s test (p>0.05) using “shapiro.test” package and a

visual inspection of histograms using “hist.” package revealed that

data fromallmeasurementswerenormallydistributed.Generalized

linear mixed models were developed with family set to “Poisson,”

using the lme4 package (Bates et al., 2014) to describe the influence

of oregano supplementation on performance parameters, GIT

traits (weight (g), and percentage (%) as grams of organ per gram

of body weight), blood lipid parameters, and antioxidant capacity,

across weeks of age, and all possible interactions. Dietary treatment

and week of age were included as main effects and unit and

individual birds where possible, as random effects, p ≤ 0.05 was

considered significant, using the following model:

Yijkl   =  m + Bi   + Tj   +  BTij +  Ckl   + eijkl  

where Yijklis the dependent variable, µ is the overall mean,

Biis the effect of the dietary treatment, Tj is the effect of week of

age, BTi j is the interaction effect between Bidietary treatment

and Tj week of age,Cklis the effect of individual birds within the

unit of Bi, and across Tj weeks of age, and eijkl is the residual error.

Statistically significant effects were further analyzed using

Tukey’s honestly significant difference (HSD) multiple

comparison procedure using the “multcomp” package (Hothorn

et al., 2008). Tukey’s HSD significant differences between pairwise

comparisons are indicated in figures or tables by different

superscript letters. Data are presented as mean ± standard error

of the mean (SEM) with P values of the pairwise comparisons.
Results

Production performance

Results of productionmeasures are in Table 3. Body weights at

weeks 3, 11, 13, and 17 were significantly higher in the EOO group

compared to the CON group (p ≤ 0.05). ADWG was significantly
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higher in EOO birds compared to CON birds at 9 and 13 weeks

old (p ≤ 0.05), while no significant differences in ADFI were

observed between treatments across weeks of the trials.
GIT traits

Results of gastrointestinal traits of organ weights are presented

in Table 4. At 12 weeks old, the weight and percentages (expressed

as grams of organ per gram of body weight) of the entire GIT and

empty gizzard were significantly higher in the EOO group when

compared to the CON group (p≤0.05). At 17 weeks old, the weight

and percentages of the empty proventriculus were significantly

higher in EOO birds compared to CON birds (p≤0.05). Liver and

spleen weights and their respective percentages were not

significantly different at both ages across treatments (p>0.05). At

12 weeks old, proventriculus weight and percentage was not

significantly different (p>0.05). At 17 weeks old, entire GIT and

gizzard weights and their percentages were not significantly

different across treatments (p>0.05).
Frontiers in Animal Science 05
Results of gastrointestinal traits of organ lengths are presented

in Table 5. At 12 weeks old, average ceca lengths were significantly

higher in the EOO group compared to the CON group (p≤0.05).

The percentage of ceca length at 12weeks old did not differ between

groups (p>0.05). At 17weeks of age, the ceca length and percentage

of ceca length to body weight were significantly lower in the EOO

treatment compared to CON treatment (p≤0.05). Gizzard pH and

whole GIT and SI lengths and their percentages of weight were not

significantly different between treatments across ages (p>0.05).
Blood lipid profile

Results of blood lipid profile are presented in Table 6. At

both 11 and 17 weeks old, triglyceride levels were significantly

lower, and HDL levels were significantly higher in the EOO

group (p=0.01). At 11 weeks old, cholesterol levels were

significantly higher in the EOO group compared to the CON

group (p=0.03). Cholesterol levels did not differ significantly at

17 weeks old.
TABLE 3 Production performance measures of pullets from ages 1 to 17 weeks old.

Age (Wks)
Treatment

BW/bird (g) ADWG/bird (g) ADFI/bird (g)

CON EOO P-value CON EOO P-value CON EOO P-value

1 66.8 ± 3.1 67.6 ± 1.4 0.61 4.2 ± 0.3 4.4 ± 0.3 0.35 12.8 ± 3.4 11.6 ± 0.2 0.51

3 191.5 ± 7.6b 212.1 ± 5.3a 0.01 12.4 ± 1.9 14.8 ± 1.3 0.12 31.0 ± 4.8 28.1 ± 3.4 0.28

5 334.3 ± 13.9 350.6 ± 10.0 0.06 38.0 ± 5.1 49.6 ± 23.6 0.26 42.1 ± 10.3 44.3 ± 1.8 0.67

7 584.4 ± 26.8 603.7 ± 8.5 0.17 71.2 ± 17.3 92.7 ± 4.7 0.10 48.2 ± 6.5 50.9 ± 2.2 0.41

9 787.1 ± 21.2 812.1 ± 26.9 0.15 79.4 ± 6.2b 94.7 ± 10.6a 0.02 68.6 ± 6.2 66.5 ± 3.5 0.53

11 1062.6 ± 40.5b 1127.4 ± 23.6a 0.02 85.8 ± 4.7 92.7 ± 7.3 0.09 85.9 ± 4.4 82.7 ± 9.0 0.47

13 1187.2 ± 36.0b 1268.3 ± 34.2a 0.05 68.1 ± 10.5b 85.2 ± 5.1a 0.01 80.9 ± 5.3 78.0 ± 2.2 0.39

15 1305.2 ± 43.2 1329.5 ± 23.9 0.30 49.6 ± 11.9 52.0 ± 9.7 0.75 84.6 ± 6.7 74.3 ± 7.6 0.08

17 1461.7 ± 19.0b 1532.8 ± 35.6a 0.03 49.5 ± 9.4 52.9 ± 14.9 0.68 89.7 ± 20.4 90.1 ± 17.0 0.98
front
Production performance measures of laying hens from ages 1 to 17 weeks old. BW, body weight; ADWG, average daily weight gain; ADFI, average daily feed intake. Results presented as
mean ± standard error. Rows not sharing the same letter are significantly different (p ≤ 0.05).
TABLE 4 Gastrointestinal traits of pullets’ organ weights at 12 and 17 weeks of age.

Age
Wks

Treatment Entire
GIT (g)

% Entire
GIT

Liver
(g)

%
Liver

Spleen
(g)

%
Spleen

PROV
empty (g)

% PROV
empty

Gizzard
empty (g)

% Gizzard
empty

12 CON 127.1 ± 28.8b 13.1 ± 0.4b 27.9 ± 2.0 2.6 ± 0.4 3.8 ± 0.5 0.34 ± 0.03 6.4 ± 0.6 0.56 ± 0.04 42.6 ± 2.5b 3.7 ± 0.2b

EOO 178.6 ± 4.7a 14.8 ± 0.4a 28.0 ± 2.7 2.3 ± 0.4 3.2 ± 0.3 0.26 ± 0.03 6.4 ± 0.5 0.61 ± 0.04 51.2± 1.0a 4.1 ± 0.2a

p-value 0.02 0.01 0.97 0.96 0.32 0.24 0.21 0.78 0.02 0.18

17 CON 209.1 ± 4.9 13.7 ± 0.3 36.5 ± 1.9 2.4 ± 0.2 4.3 ± 0.3 0.28 ± 0.02 9.0 ± 0.3b 0.58 ± 0.03b 49.3 ± 52.3 3.7 ± 0.1

EOO 183.7 ± 18.6 12.9 ± 0.3 37.5 ± 2.5 2.3 ± 0.2 4.5 ± 0.3 0.29 ± 0.02 10.3 ± 0.5a 0.65 ± 0.03a 54.1 ± 2.1 3.4 ± 0.1

p-value 0.2 0.34 0.77 0.98 0.54 0.99 0.03 0.24 0.3 0.23
Gastrointestinal traits of organ weights. Results presented as mean ± standard error. Rows within the same column not sharing the same letter are significantly different (p ≤ 0.05).
Percentages expressed as grams of organ per gram of body weight. GIT, gastrointestinal tract; PROV, proventriculus.
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Antioxidant capacity

Results of antioxidant capacity in serum are presented

in Table 7. At both 11 and 17 weeks old, TAC levels were

significantly higher in the EOO group (p=0.01). MDA

leve ls were s ignificant ly lower in the EOO group

compared to the CON group (p=0.01). At both ages,

birds supplemented with oregano oil had significantly

h igher GSH-Px concent ra t ions (p=0 .01) . F ina l l y ,

concentrations of ALT and AST were significantly lower

in EOO birds at both ages (p=0.01).
Frontiers in Animal Science 06
Discussion

Performance

Dietary supplementation of the essential oil of oregano

increased body weights at specific ages. In our study, birds

supplemented with EOO had significantly higher body weights

at 3, 11, 13, and 17 weeks old. One explanation for this may be

the essential oil of oregano promoting digestibility by

stimulating enzyme secretion in the gut which is hypothesized

by Ghazi et al. (2015) who supplemented broilers with oregano
TABLE 5 Gastrointestinal traits of pullets’ organ lengths at 12 and 17 weeks of age.

Age Weeks Treatment GIT (cm) % GIT SI (cm) % SI �x ceca (cm) % ceca �x   gizzard pH

12 CON 143.2 ± 3.3 12.5 ± 0.3 127.4 ± 2.8 11.2 ± 0.8 13.3 ± 0.5b 1.2 ± 0.03 4.8 ± 0.3

EOO 147.1 ± 9.0 12.0 ± 0.3 130.4 ± 9.1 10.5 ± 0.8 15.0 ± 0.5a 1.3 ± 0.03 4.7 ± 0.2

p-value 0.69 0.75 0.76 0.92 0.03 0.36 0.81

17 CON 158.4 ± 2.9 10.3 ± 0.2 141.6 ± 2.9 9.3 ± 0.4 15.6 ± 0.4a 1.0 ± 0.02a 5.4 ± 0.1

EOO 158.5 ± 1.8 9.9 ± 0.2 142.5 ± 1.8 8.8 ± 0.4 14.7 ± 0.3b 0.9 ± 0.02b 5.3 ± 0.1

p-value 0.97 0.38 0.79 0.83 0.04 0.03 0.67
Gastrointestinal traits of organ lengths. Results presented as mean ± standard error. Rows within the same column not sharing the same letter are significantly different (p ≤ 0.05).
Percentages expressed as cm of organ per gram of body weight. GIT, gastrointestinal tract; SI, small intestine. �x = average.
TABLE 7 Serum antioxidant capacity parameters of pullets at 11 and 17 weeks of age.

Age Weeks Treatment TAC (mmol/L) MDA (nmol/mg) SOD (U/mg) GSH-Px (ng/mL) ALT (U/L) AST (U/L)

11 CON 7.0 ± 0.6b 19.8 ± 1.7a 260.0 ± 15.3b 10.4 ± 1.5b 2.6 ± 0.1a 311.4 ± 4.5a

EOO 9.8 ± 0.8a 10.7 ± 1.4b 380.6 ± 14.5a 19.3 ± 2.2a 2.2 ± 0.1b 259.5 ± 7.8b

p-value 0.01 0.01 0.01 0.01 0.01 0.01

17 CON 7.0 ± 0.5b 21.3 ± 1.4a 274.4 ± 17.6b 12.5 ± 1.3b 2.8 ± 0.1a 309.1 ± 6.1a

EOO 11.4 ± 0.5a 12.7 ± 1.2b 358.1 ± 18.6a 18.1 ± 2.1a 2.3 ± 0.1b 252.8 ± 5.0b

p-value 0.01 0.01 0.01 0.03 0.01 0.01
fr
Antioxidant capacity parameters found in serum. Results presented as mean ± standard error. Rows within the same column not sharing the same letter are significantly different (p ≤ 0.05).
TAC; total antioxidant capacity, MDA; malondialdehyde, SOD; superoxide dismutase, GSH-Px; glutathione peroxidase, ALT; alanine transferase, AST; aspartate transfer.
TABLE 6 Blood lipid profile parameters of pullets at 11 and 17 weeks of age.

Age weeks Treatment Cholesterol (mmol/L) Triglycerides (mmol/L) HDL (mmol/L)

11 CON 3.9 ± 0.2b 35.1 ± 1.7a 1.3 ± 0.1b

EOO 4.9 ± 0.4a 23.4 ± 1.3b 3.0 ± 0.4a

p-value 0.03 0.01 0.01

17 CON 4.0 ± 0.2 39.6 ± 1.8a 1.2 ± 0.1b

EOO 4.5 ± 0.2 25.7 ± 1.7b 2.6 ± 0.1a

p-value 0.11 0.01 0.01
Blood lipid profile results of weeks 11 and 17. Results presented as mean ± standard error. Rows within the same column not sharing the same letter are significantly different (p ≤ 0.05).
HDL, high density lipoproteins.
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oil under heat stress. Another explanation could be the essential

oil of oregano inducing an increase in nutrient metabolism as

described by Reyer et al. (2017) who supplemented day-old

broilers with a dietary essential oil blend of star anise, rosemary,

thyme, and oregano. It is important to note that the BW of the

EOO group was within standard guidelines of brown

recommendations (Hy-Line, 2022) while at many ages birds of

the CON group were underweight. A negative relationship

between body weight and efficiency exists during the laying

phase, so it is important that birds reach the optimal weight at

maturity (Robinson andWilson, 1996).

In the current study, birds supplemented with EOO showed

significantly higher average daily weight gain when compared to

control birds. One explanation may be pullets supplemented

with oregano oil increased digestive health through better

nutrient utilization as described by Zhang et al. (2021) who

found similar results with a higher ADWG with no difference in

ADFI from day 1 to 21 in broilers supplemented with EOO.

Consistent with our findings, several studies on broilers

supplemented with oregano oil reported higher body weight

gain at certain ages (Hashemipour et al., 2013; Ghazi et al., 2015;

Tzora et al., 2017; Amer et al., 2021; Zhang et al., 2021).

Feed intake was not impacted by supplementation of the

essential oil of oregano across all ages in this study. Previous

studies agree with this finding (Zhao et al., 2021; Karadagoglu

et al., 2018; Cufadar, 2018; Feng et al., 2021). The composition or

inclusion rate of EOO used in this study did not seem to impact

the palatability of the experimental diet or influence FI as

described by Abo Ghanima et al. (2020) who supplemented

carvacrol to layer hens. We expected feed intake to increase, due

to the aromatic nature of essential oils but they may not have the

same effect on layer hens in relation to feed intake (Abo

Ghanima et al., 2020).
GIT traits

Dietary essential oil of oregano supplementation increased

entire GIT, empty gizzard, and proventriculus weights and

percentages of body weights, while no differences were

recorded in liver and spleen weights. This study found birds

with dietary essential oregano oil had heavier GIT weights

compared to the control. This is in conjunction with overall

heavier birds supplemented with EOO at 17 weeks old. To date,

no previous studies investigated the influence of EOO

supplementation on GIT weights. With a larger proportion of

GIT to body weight, this could potentially lead to a greater

capacity for digestion as it has been shown in the past that

oregano oil has increased specific digestive enzyme activities, but

further research is needed (Jang et al., 2007; Krishan

andNarang, 2014).

In the current study, gizzard weights were significantly

heavier in the EOO group at 12 weeks old. One potential
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reason for the increase in gizzard weight in our study may be

due to the EOO supplementation as described by Irawan et al.

(2020) who attributed increased gizzard weight in broilers to

essential oil supplementation. Irawan et al. (2020) states that few

studies have looked at the effects of essential oils on young

broilers, similar to our study.

The proventriculus may be considered the “true stomach” of

the laying hen as it secretes mucous, hydrochloric acid, and

pepsinogen (Svihus, 2014). Proventriculus weights were

significantly higher in the group supplemented with oregano

oil at 17 weeks old. The increase in proventriculus weights may

be due to an increase in specific enzymatic activity due to

essential oil supplementation as described by Hashemipour

et al. (2013) who supplemented dietary thymol and carvacrol

to broilers. However, food passes quickly through this organ and

is not used for food storage, which may explain why no

differences were found at a younger age in our study (Nitsan

et al., 1991; Svihus, 2014).

In birds supplemented with EOO, we found an increase in

average ceca length at 12 weeks and a decrease in average ceca

length at 17 weeks. Similar to the current study, Akyurek and Yel

(2011) found a significant increase in ceca length in broilers

supplemented with thymol and carvacrol. The ceca are

considered an adaptable organ that can change based on the

diet (Clench and Mathias, 1995). The ceca have many functions

such as electrolyte and water absorption and fermentation

(Svihus et al., 2013). The mechanism and relationship between

essential oils and ceca length is unclear, and histological work is

needed which is beyond the scope of this study (Clench

andMathias, 1995).
Blood lipid profile

The liver is the main organ responsible for lipid metabolism

(Gyamfi et al., 2019). It is well known cholesterol, triglycerides,

and HDL levels are components of lipid metabolism.

Triglycerides are often absorbed in the intestines from the diet

and can be stored in the liver, with high levels of triglycerides

possibly indicating hepatocyte injury (Gyamfi et al., 2019;

Semova andBiddinger, 2021). The liver can synthesize

cholesterol or take up excess cholesterol from the blood (Chan

et al., 2015). High-density lipoproteins can be synthesized in the

liver and transport excess cholesterol from circulation and tissue

to the liver (Ouimet et al., 2019). High HDL levels may have a

protective effect on cardiovascular health as described by

Poernama et al. (1992).

Cholesterol levels were significantly higher in the EOO

group at 12 weeks of age, while no significant differences were

seen in cholesterol at 17 weeks old. One possible explanation

may be the active ingredients in oregano oil influencing the

mechanisms of lipid metabolism as Abo Ghanima et al. (2020)

attributes one of the active compounds in oregano essential oil,
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thymol, to the reduction of cholesterol synthesis. Cholesterol

levels are important for laying hens as it provides the backbone

for sex hormones, which is crucial during the laying phase

(Naber, 1976). However, our study and previous studies are

inconsistent on the impact of EOO on cholesterol levels in laying

hens (Bozkurt et al., 2016; Gul et al., 2019; Migliorini et al., 2019;

Saleh et al., 2021). Differences in cholesterol levels between our

study and previous studies may be due to different inclusion

rates of the essential oil, feeding schedule, or preparation method

of the essential oil (Lim et al., 2006).

Plasma triglycerides were significantly lower in birds

supplemented with EOO. One explanation could be interrupting

the mechanisms involved in lipogenesis as described by Saleh et al.

(2021) who supplemented laying hens with dietary oregano and

sage oil. Another possible explanation could be the influence of

essential oils on inhibiting enzymes utilized in the process of

lipogenesis as described by Dehghani et al., 2019 who

supplemented dietary thyme essential oil to quail.

It is assumed that HDL synthesis and secretion pathway is

similar to very low-density lipoproteins in poultry (Hermier,

1997). Birds with dietary EOO had significantly higher plasma

HDL concentrations at both ages compared to control birds.

Like other essential oils, EOO contains other chemical

compounds called flavonoids (Moghrovyan et al., 2019). One

possible explanation for an increase in HDL is the presence of

flavonoids from EOO increasing the production of

apolipoprotein A1 as described by Haryanto et al. (2016) who

supplemented broilers with banana peel meal.

While aworkingknowledgeof lipidmetabolismexists inpoultry,

but there is there is little known on the effects of essential oils on lipid

metabolism in chickens (Griffin & Hermier, 1988; Brenes & Roura,

2010; Cherian, 2015). EOO has a clear positive impact on HDL,

triglycerides, and cholesterol levels in pullets, but more research is

needed to understand the underlying mechanisms.
Antioxidant capacity

Antioxidants are vital to biological systems, as they stabilize

and often scavenge for free radicals, thus protecting from

oxidative stress (Shinde et al., 2012). Compounds like

carvacrol and thymol, which are found in the essential oil of

oregano, have strong antioxidant properties and can potentially

increase the animal’s defense against oxidative stress (Park et al.,

2014). TAC, SOD, and GSH-Px are well-known antioxidant

enzymes as indicators of antioxidant activity in poultry (Yu et al.,

2019). Like SOD, GSH-Px is a natural scavenger and enzyme

that catalyzes the reduction of hydrogen peroxide and peroxide

radicals into harmless molecules (Fattman et al., 2003; Fanucchi,

2014). MDA has been used as a biomarker for lipid peroxidation

(Esterbauer and Cheeseman, 1990). AST and ALT are enzymes

used as indicators for hepatocellular injury rather than human

liver function (Telega, 2018). In this current study, TAC, SOD,
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and GSH-Px levels were significantly higher in EOO hens

compared to CON hens across both ages. MDA, ALT, and

AST concentrations were significantly lower in EOO pens

compared to CON pens across both groups.

The importance of measuring TAC is the result of a single

number that provides insight into all antioxidants in the animal

(Cecchini and Fazio, 2020). TAC can be reflective of the overall

antioxidant defense system in the layer hen with higher TAC levels

meaning better antioxidant defense (Yu et al., 2019). In this study,

TAC levels were significantly higher in birds supplemented with

oreganooil possiblydue to the active ingredients inEOOasdescribed

by Gadde et al. (2017) who states it is well known that phytogenics-

specifically the active ingredients in essential oils- have antioxidant

properties. Like this study,Previous studies foundan increase inTAC

concentrations in supplementing EOO to broilers (Hashemipour

et al., 2013; Reshadi et al., 2020; Zhang et al., 2021).

When various reactive oxygen species attack certain molecules

like proteins, lipids, and DNA, by-products like MDA are formed

(Tsikas, 2017). MDA is considered the best indicator of lipid

peroxidation, and a lower concentration of this compound

translates to fewer reactions occurring, thus decreasing oxidative

stress (Abo Ghanima et al., 2020). In the current study, MDA

concentrations were significantly lower in the group

supplemented with EOO. One implication is the components of

oregano oil, carvacrol and thymol, protect lipids and slow lipid

peroxidation reactions from occurring as described by Botsoglou

et al. (2002) who supplemented broilers with dietary EOO. The

finding in this study is in agreement with previous studies

supplementing oregano oil on laying hens (Gul et al., 2019; Abo

Ghanima et al., 2020; Büyükkılıç Beyzi et al., 2020).

Superoxide dismutase catalyzes the breakdown of a superoxide

anion into water and oxygen (Weisiger and Fridovich, 1973).

Superoxide anions are just one of many reactive oxygen species

(ROS) that, when this concentration surpasses the concentration of

antioxidants, the biological system is in oxidative stress (Haida &

Hakiman, 2019). This study found SOD concentrations to increase

from EOO supplementation. One possible explanation could be the

phenolic compounds inEOOscavengingradicals, like the superoxide

anion, further increasing antioxidant activity as described by

Yanishlieva et al. (1999) who examined antioxidant activity of

thymol and carvacrol in two types of fats. Like this current stud,

studies in the past found an increase in SOD levels when

supplementing laying hens with an essential oil (Zhang et al., 2021;

Yu et al., 2019).

GSH-Px is known to have an important part in antioxidant

defense, but its role in other biological systems are still being explored

(Surai et al., 2018). The current findings show supplementation of

EOO increased serum GSH-Px levels. The presence of phenolic

compounds like carvacrol and thymol in the oregano plant may

explain increased GSH-Px activity as described by Shan et al. (2005)

who examined the antioxidant capacity of various extracts. Other

studies found similar increases in GSH-Px in laying hens and quail,

respectively (Herve et al., 2018; Yu et al., 2019).
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Our current findings suggest EOO supplementation lowered

AST and ALT concentrations. One explanation may be due to the

antioxidant properties of the oreganooil that protect cells fromDNA

damage as described by Abo Ghanima et al. (2020) who

supplemented laying hens with thymol, carvacrol, and euganol.

Similar studies in both broilers and quail found similar results to

our study(Herveet al., 2018;Herveet al., 2019;Oladokunetal., 2021).
Conclusion

This study explored the effects of the dietary essential oil of

oregano on performance, GIT traits, blood lipid profile, and

antioxidant capacity in layer pullets. The essential oil of oregano

has a significant positive impact on performance and some

physiological measures in pullets, but the underlying

mechanisms need further research. Overall, the essential oil of

oregano supplementation may be beneficial to the health of Hy-

Line Brown pullets.
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