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Abstract: This study aimed to investigate the impact of dietary addition of lavender essential oil
(Lavandula angustifolia L.) (LEO) on the growth performance, tissue histoarchitecture, and fatty acid
profile in breast muscles, as well as blood biochemistry and immune expression of pro-inflammatory
cytokines of broiler chickens. A total of 200 three-day-old broiler chickens (average body weight
101.3 & 0.24 g) were assigned to a completely randomized design consisting of four dietary treatments
(n = 50 per treatment, each replicate consisting of 10 birds) that included lavender essential oil at
concentrations of 0 (control group), 200, 400, and 600 mg Kg*1 diet. The experiment lasted for 35 days.
The results revealed that supplementation of lavender essential oil at 200, 400, or 600 mg/kg in broiler
diets had no effect (p > 0.05) on the growth performance throughout the experimental periods (3-10,
11-23, and 24-35 days of age). According to the broken line regression model, the optimal level
for dietary LEO addition was the 460 mg kg~! diet based on the total body weight gain and feed
conversion ratio results. The diets supplemented with lavender essential oil had no effect (p > 0.05)
on the percentages of carcass yield or internal organs. Dietary addition of LEO significantly increased
the percentages of omega-3 polyunsaturated fatty acids PUFA (n-3), omega-6 polyunsaturated fatty
acids (n-6), and the n-3/n-6 ratio (p < 0.05) in the breast muscles of chickens in a level-dependent
manner. The blood concentration of alanine aminotransferase was significantly increased in lavender
essential oil at 600 mg kg~ compared with other treatments. The dietary addition of LEO at 200, 400,
and 600 mg kg~ ! significantly reduced the malondialdehyde level. Still, they significantly increased
the serum enzyme activities of total antioxidant capacity, catalase, superoxide dismutase, and the
pro-inflammatory cytokine (interleukine-1 beta and interferon y) compared with the unsupplemented
group. The LEO-supplemented groups showed normal liver histomorphology as in the control group.
However, the immunoexpression of the pro-inflammatory cytokine transforming growth factor 3 was
significantly increased by increasing the level of LEO. It can be concluded that lavender essential oil
-1

can be included in broiler chicken diets up to 460 mg kg ~" with no positive effect on the bird’s growth.
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It can improve the antioxidant capacity and enrich the breast muscles with PUFA. An increased level
of supplementation (600 mg kg~!) increased the inflammatory responses in broiler chickens.

Keywords: antioxidants; blood biochemistry; broilers; essential oil; meat quality

1. Introduction

Over the past ten years, poultry farmers have placed a high premium on bird welfare
and food safety. Consumer pressure forces the abandonment of synthetic feed additives
and the mitigation of excessive breeding practices to protect the environment. Differenti-
ating herbs that affect fatty acid characteristics and antioxidant status is a goal of several
researchers [1-3]. The quality of poultry meat is one of the main factors affecting consumer
health [4,5]. The breast meat can be considered an important element of a healthy diet [6]
because it contains more PUFA and less saturated fatty acids (SFAs) than meat from other
types of animals, such as beef and lamb [7]. Moreover, its global consumption is increasing
as it fits perfectly with modern cooking styles where easy and quick cuisine is desired.

The essential oil of herbs has various biological effects, including immune-modulating,
antibacterial, and antioxidant characteristics [2,8-10]. Developing essential oil feed addi-
tives as a possible substitute for antibiotic growth promoters has recently gained more
attention [5,11,12]. Numerous studies have also been conducted on how dietary essential
oil affects poultry productivity, although the outcomes have been varied [13-15]. How-
ever, the response of poultry to the essential oil differed depending on many variables,
including chemical composition, administrative levels, durations, techniques, and the age
of the birds [16-18]. Thus, the essential oils’ activities rely on their composition, functional
groups, and synergistic interactions of the components.

Scientific indications, including essential oils of sage, rosemary, and oregano, have
proven that they can reduce oxidative damage to lipids in serum and edible tissue while im-
proving poultry meat’s physical and sensory characteristics, especially broiler chicken [19,20].
Despite extensive studies and attempts to comprehensively characterize phenolic compounds
obtained from Labiate family plants, understanding the mode of action and applications
using lavender is still undeveloped.

One alternative to antibiotics that can be added to feed is lavender (Lavandula an-
gustifolia L.). It is a well-known medicinal and aromatic herb member of the “Labiatae”
family. Antioxidant, antifungal, antibacterial, antiviral, spasmolytic, and sedative effects are
present in this herb [21,22]. Lavender essential oil, one of the most useful aromatherapy oils,
has antibacterial and antifungal activities, mainly owing to the principal components such
as lavandulol, linalool, linalyl acetate, eucalyptol, or geraniol [23]. Furthermore, it contains
high levels of polyphenols such as flavonoids, which have a wide range of biological and
chemical activities with radical scavenging properties [24]. It is established that the chemi-
cal composition of LEO depends on the environment, genotype, extraction, and processing
methods [25]. Adding lavender essential oil to the water for broiler chickens enhanced
the total antioxidant status [26]. In vitro studies have studied the anti-inflammatory [27],
antioxidant [28,29], antimicrobial, and antifungal properties of lavender essential oil [27,28].
It has been reported that adding lavender essential oil to the drinking water of broiler
chickens can increase the growth rate and enhance gut microbiota balance by lowering
colonization of pathogenic bacteria on the side of useful bacteria [30].

Nevertheless, little research is currently available on the impact of lavender essential
oil on broiler production efficiency and meat quality. Accordingly, this study aimed
to assess the effectiveness of lavender essential oil on the growth performance, tissue
histoarchitecture, fatty acid profile of the breast muscles, blood biochemistry, antioxidant
activity, and immune expression of pro-inflammatory cytokines in broiler chickens.
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2. Materials and Methods
2.1. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis of Lavender Essential Oil

The chemical composition of LEO was performed using a Trace GC1310-ISQ mass
spectrometer (Thermo Scientific, Austin, TX, USA) with a direct capillary column TG-5MS
(B0m x 0.25 mm x 0.25 pm film thickness). The column oven temperature was initially
held at 50 °C and then increased at 5 °C/min to 230 °C for 2 min, increased to the final
temperature of 290 °C at 30 °C/min, and then held for 2 min. The injector and MS transfer
line temperatures were kept at 250 and 260 °C, respectively; helium was used as a carrier
gas at a constant flow rate of 1 mL/min. The solvent delay was 3 min, and diluted samples
of 1 uL were injected automatically using Autosampler AS1300 coupled with GC in the
split mode. In full scan mode, EI mass spectra were collected at 70 eV ionization voltages
over m/z 40-1000. The ion source temperature was set at 200 °C. The components were
identified by comparison of their retention times and mass spectra with those of WILEY 09
and NIST 11 mass spectral databases.

2.2. Birds, Experimental Design, and Diets

This research was conducted in a poultry research unit at the faculty of veterinary
medicine, Zagazig University, Egypt. All experiment procedures were approved by the
ZU-TACUC committee (approval no. ZU-IACUC/2022).

Two-hundred one-day-old Ross 308 broiler chicks were purchased from a commercial
hatchery (Dakahlia Poultry, Mansoura, Egypt). Before the experiment, birds underwent a
3-day adaption period to gain an average body weight of 101.3 £ 0.24 g. Then, they were di-
vided into four experimental groups at random, each with five replicates (10 chicks/replica).
For 35 days, birds were fed basic diets supplemented with LEO (lavender essential oil, OR-
GANIC EGYPT, Cairo, Egypt) at four levels: 0, 200, 400, and 600 mg Kg~!. The proximate
chemical composition of the basal diet is shown in Table 1. The managerial conditions and
the experimental diets were carried out following Ross 308 broiler nutrition specifications
AVIAGEN [31].

2.3. Growth Performance

The initial body weight (BW) was determined at the beginning of the experiment. Body
weight and feed consumption were assessed at the end of each feeding period to determine
BW gain (BWG), feed intake, and feed conversion ratio (FCR). The number of birds that
died throughout the trial period was divided by the number of birds used to compute
the number of dead birds. To account for bird mortalities, BW and feed consumption
were adjusted.

The feed conversion ratio FCR = B\I:\;ég()g)

The relative growth rate (RGR) was calculated using the equation described by
Brody [32].

W2 - W1
RGR= - =~ Wo
CR= G5 wirwz) <1

W1 = the initial live weight (g) and W2 = the live weight at the end of the period (g).
The protein efficiency ratio (PER) was determined according to McDonald et al. [33].

PER — Live w<.31g.ht gain (g)
protein intake (g)

2.4. Chemical Analysis and Fatty Acid Composition of the Breast Muscle

Samples of the feed and breast muscles were examined for moisture using oven dry-
ing (method number 930.15), ash using incineration (method number 942.05), protein
using Kjeldahl (method number 984.13), and EE using Soxhlet fat analysis (method num-
ber 954.02). Breast muscle samples (five samples/group) were collected at the end of the
trial. Chloroform/methanol (2:1, v/v) was used as the solvent to extract the oils from the
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breast muscle [34]. According to AOAC [35], the fatty acids in the extracted oil and the
chemical composition of the breast muscle (dry matter, fat, crude protein, and ash content
percent) were determined.

Table 1. The proximate chemical composition of the basal diet on a fed basis.

Ingredients Unit Starter (3-10 d) (fl?;; iir) (1;1411_1; : 31;
Corn 7.5% cp Y% 56 59.3 62
Corn gluten meal 60% cp Y% 3.92 5.27 6.07
Soybean meal 47% cp Y% 33.33 28.1 23.82
Oil (soya)-e76 % 2.2 3 4
Calcium carbonate Y% 1.2 1.2 1.1
Dicalcium phosphate 18% % 15 1.4 13
DL-methionine 99% Y% 0.4 0.3 0.33
Sodium bicarbonate Y% 0.25 0.25 0.25
Broiler premix * % 0.3 0.3 0.3
Salt % 0.15 0.11 0.15
L-LYSINE HCL 98% Y% 0.46 0.45 0.4
Antimycotoxin % 0.1 0.1 0.1
L-THREONINE 98.5% % 0.1 0.1 0.1
Choline 60 Y% 0.07 0.07 0.07
Phytase Y% 0.005 0.005 0.005
Chemical analysis
Moisture Y% 11.25 11.26 11.19
Crude protein Y% 23.01 21.52 20.15
ME (kcal/kg) Kcal/kg 3003.88 3100.40 3200.84
Methionine g/kg 7.20 6.10 6.26
Lysine g/kg 14.65 13.14 11.63
Calcium g/kg 9.40 9.04 8.32
Av. Phosphorus g/kg 4.81 4.48 4.17

* Premix per kilogramme of diet: 1500 IU vitamin A; 200 IU vitamin D; 10 mg vitamin E; 0.5 mg vitamin K; 1.8 mg
thiamine; 3.6 mg riboflavin; 10 mg pantothenic acid; 0.55 mg folic acid; 3.5 mg pyridoxine; 35 mg niacin; 0.01 mg
cobalamin; 0.15 mg biotin; 80 mg iron; 8 mg copper; 60 mg manganese; 40 mg zinc; 40 mg; I, 0.35 mg; Se, 0.15 mg.

2.5. Carcass Characteristics

Following the recommendations of the American Veterinary Medical Association, nine
chicks in each group were terminated at the end of this study using cervical dislocation [36].
The weight of the hot carcass was determined. The plucked and eviscerated carcasses
were stripped of their feet; feathers; heads; and internal organs such as the liver, heart,
gizzard, spleen, digestive system, and abdominal fat before being weighed. The weight of
the carcass was measured, and the percentage of dressing was calculated as follows:

Carcass weight (g)
Live BW (g)

Dressing % = x 100

2.6. Blood Biochemical Assay

At the end of the experimental period, blood samples (n = 10/group) were collected
from the carotid artery after birds were euthanized using cervical dislocation, according
to the American Veterinary Medical Association guidelines [36]. Serum was obtained by
centrifugation at 3000 rpm for 10 min, and the generated serum was stored at —20° until
being used in the biochemical assays.

Using colorimetric diagnostic kits (Biodiagnostic Co., Giza, Egypt), liver enzymes such
as aspartate transaminase (AST) and alanine transaminase (ALT) and kidney function such
as creatinine and urea were assessed following the manufacturer’s instructions.
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2.7. Inflammatory and Antioxidant Indices

Specific ELISA assay kits (MyBioSource, San Diego, CA, USA) were used to quantify
interleukin 1 (IL1B) and INF-y (Cat. No. MBS2024496 and MBS700243, respectively).
Malondialdehyde (MDA), total antioxidant capacity (TAC) levels, the activities of catalase
(CAT), and superoxide dismutase (SOD) were estimated following the techniques of Mc-
donald and Hultin [37], Rice-Evans and Miller [38], Aebi [39], and Nishikimi et al. [40],
respectively, using MyBioSource ELISA Kits (Cat. Nos. MBS2700234, MBS038818, and
MBS705758, respectively).

2.8. Histological and Immunohistochemical Examination

Samples (three samples/group) were taken from the chicken’s liver and were fixated in
neutral buffered formalin (10%) for analysis. Briefly, specimens were subjected to ascending
grades of ethanol (75-100%) for dehydration. These specimens were placed in xylol I and
II, embedded in paraffin, and then sliced using a microtome (Leica RM 2155, England) into
4 pm cross-sections and longitudinal sections. They were stained using hematoxylin and
eosin (H&E) [41]. An AmScope 5.0 MP microscope digital camera selected on high power
field (100 x and 400 x magnification) was used to take images of each animal in each group
(25 images for each group). Stained sections were examined for circulatory disturbances,
inflammation, degenerations, apoptosis, necrosis, and other pathological changes in the
examined tissues.

The inflammatory responses of broiler chickens following feeding on LEO were ex-
plored in the leucocytic populations of the liver and spleen using transforming growth
factor-3 (TGE-f3). At the end of the experiment, liver and spleen samples (three sam-
ples/group) were collected to examine the immunoexpression of TGF-f3, according to Saber
et al. [42]. An endogenous peroxidase blocking reagent containing hydrogen peroxide
and sodium azide (DAKO peroxidase blocking reagent, Cat. No. S 2001) was used to
incubate tissue sections. Then, one to two drops of the supersensitive primary monoclonal
antibody against TGF-3 (Cat. BAF240, Novus Biologicals, Briarwood Avenue, Centen-
nial, CO, USA) were added to these sections; then, the slides were counterstained using
hematoxylin and visualized under the microscope. Morphometric analysis using Image J
software (Image] bundled with 64-bit Java 1.8.0_172, National Institutes of Health, Mary-
land, United States) was adopted to accurately estimate different immune-positive cells
and their percentages per three high power fields (HPFs) in the spleen and liver of different
experimental groups [43].

2.9. Statistical Analysis

The statistical analysis was performed using a completely randomized design and the
general linear model (GLM) procedure of SAS 9.2. Pens were used as the experimental
units throughout the entire investigation. The linear and quadratic effects of increasing
inclusion levels were determined using orthogonal polynomial contrasts. Tukey’s test
compared the differences between the means at a 5% probability. Variation in the data was
expressed as pooled SEM, and the significance level was set at p < 0.05. The broken line
regression with Tukey’s test considered information on BWG and FCR for determining the
optimum supplementation level of LEO.

3. Results
3.1. Chemical Composition of Lavender Essential Oil

The bioactive compounds identified in the LEO by the GC-MS technique are shown in
Table 2. The main bioactive compounds identified were x-pinene, acetic acid linalool ester,
terpineol, «-linalool, eucalyptol, phellandral, geranyl vinyl ether, nerolidyl acetate, and
acetic acid. The fatty acids identified in LEO were 9,12,15-octadecatrienoic acid (x-linolenic
acid), arachidonic acid, 3,7,11-tridecatrienoic acid, 5,10-undecadienoic acid, z-8-methyl-9-
tetradecenoic acid, trans-2-undecenoic acid, 13-docosenoic acid, and 11-octadecenoic acid.
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Table 2. The main compounds identified in LEO by GC-MS analysis.
Bioactive Compounds Retention Time (min) Peak Area %
«-Pinene 11.10 32.24
Acetic acid linalool ester 11.10 32.24
Terpineol, cis-«- 7.37 16.06
cis-a-Terpineol 7.37 16.06
o-linalool 7.37 16.06
Eucalyptol 5.30 11.74
Phellandral 8.20 10.91
Geranyl vinyl ether 11.99 2.25
Nerolidyl acetate 11.99 2.25
3,7,11-Tridecatrienoic acid, methyl ester 14.92 2.49
9,12,15-Octadecatrienoic acid 5.18 243
Isoborneol 5.18 2.43
Acetic acid 7.90 2.69
Desulphosinigrin 7.90 2.69
2,6-Octadien-1-ol, 2,7-dimethyl 11.99 2.25
1,6-Octadien-3-ol, 3,7-dimethyl-, formate 11.99 2.25
Arachidonic acid methyl ester 14.39 0.36
5,10-Undecadienoic acid, 2-methylene-, methyl ester 14.92 2.49
Z-8-Methyl-9-tetradecenoic acid 15.27 0.64
trans-2-undecenoic acid 15.27 0.64
13-Docosenoic acid, methyl ester 27.82 0.70
11-Octadecenoic acid, methyl ester 27.82 0.70

3.2. Growth Performance

Table 3 overviews lavender essential oil’s effects on broiler chickens” growth perfor-
mance. The absence of fatalities, diarrhea, and other symptoms in the treatment groups
suggests that the therapies had no adverse effects on the broilers” health. The findings
showed that adding 200, 400, or 600 mg/kg of lavender essential oil to broiler diets had
no effect (p > 0.05) on feed intake, BW, BWG, FCR, PER, and RGR when compared with
the control across the course of the trial. Based on the BWG and FCR, the optimal level for
dietary LEO addition was 460 mg kg~! (Figure 1).

3.3. Carcass Characteristics

The effects of lavender essential oil at 200, 400, or 600 mg/kg on carcass and internal
organs of broiler chickens at 35 days of age are presented in Table 4. The diets supplemented
with lavender essential oil to broiler diets had no effect (p > 0.05) on the percentages of
carcass yield or internal organs, including intestinal, liver, heart, gizzard, and spleen.

3.4. Chemical and Fatty Acid Composition of the Breast Muscle

Table 5 provides information on the breast muscle’s fatty acid and chemical compo-
sition. Compared with the control group, adding LEO had no appreciable impact on the
amount of dry matter, fat, crude protein, and ash in breast muscles (p > 0.05). Dietary
addition of LEO raised the percentages of alpha-linolenic acid (18:3 n — 3), eicosapentaenoic
acid (20:5 n — 3), docosapentaenoic acid (22:5 n — 3), linoleic acid (18:2 n — 6), arachidonic
acid (linear, p < 0.01), docosahexaenoic acid (22:6 n — 3) (linear p < 0.01, quadratic p = 0.02),
total n-3 polyunsaturated fatty acids (linear p < 0.01, quadratic p = 0.03), total n-6 polyunsat-
urated fatty acids (linear p < 0.01), and the ratio of n — 3 ton — 6 (linear p < 0.01, quadratic
p =0.03).

3.5. Blood Biochemical Parameters

The blood-based biochemical parameters of broilers are presented in Table 6. The
blood concentration of ALT was increased in lavender essential oil at 600 mg kg ! level
compared with the control (linear p = 0.03); however, AST, creatinine, and uric acid did not
report significant changes compared with the control group.
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Table 3. Impact of lavender essential oil addition on the growth of broiler chickens.

Lavender Essential Oil, mg/kg p-Value
Parameters SEM N N
0 200 400 600 Linear Quadratic
IBW (g) 100.2 101.5 101.6 101.9 0.24 0.28 0.25
Starter period
BW (g) 316 324 328 330 3.17 0.17 0.64
BWG (g) 216 223 227 228 3.01 0.21 0.69
FI(g) 263 259 264 264 2.21 0.73 0.77
FCR 1.21 1.16 1.16 1.15 0.01 0.08 0.30
Grower period
BW (g) 1107 1146 1170 1189 13.62 0.15 0.66
BWG (g) 790 822 842 859 11.66 0.18 0.72
FI(g) 1135 1124 1142 1116 18.22 0.82 0.86
FCR 1.43 1.36 1.35 1.29 0.02 0.05 0.89
Finisher period
BW (g) 2175 2120 2214 2182 19.80 0.53 0.78
BWG (g) 1067 974 1043 993 22.68 0.47 0.65
FI (g) 1681 1740 1648 1616 36.05 0.43 0.57
FCR 0.77 0.82 0.74 0.74 0.01 0.30 0.48
Overall performance
BW (g) 2174 2120 2214 2182 19.80 0.53 0.78
BWG (g) 2074 2019 2112 2080 19.82 0.55 0.77
FI(g) 3080 3124 3055 2996 49.41 0.54 0.65
FCR 1.48 1.54 1.45 1.44 0.02 0.38 0.56
PER 3.22 3.09 3.30 3.34 0.06 0.33 0.52
RGR 182.36 181.73 182.41 182.15 0.16 0.97 0.57
IBW: initial body weight, BW: body weight, BWG: body weight gain, FI: feed intake, FCR: feed conversion ratio,
PER: protein efficiency ratio, RGR: relative growth rate.
A G y=4.4582x B i y=0.0031x
R* = 0.6484 18 - R*=0.6273
2500 -
y=0.0555x+ 2054.6 SR +
ot R:= 041377 — - 14 - y=-0.0001x + 1.509 M v
E S R?= 0363
B 1500 5 1
G - 0.8
% by 06 |
i 04 -
0.2
460 460
o T y T T T i} T T T T |
1] 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Lavender essential oil mg/kgdiet Lavender essential oil mg/kg diet
Figure 1. Broken line regression model shows the optimum level of dietary addition of LEO according
to the total (a) BWG and (b) FCR.
Table 4. Impact of lavender essential oil addition on the carcass traits (%) relative to live body weight.
Lavender Essential Oil, mg/kg p-Value
Parameters SEM N N
0 200 400 600 Linear Quadratic
Carcass 57.32 59.63 56.92 58.92 0.63 0.72 0.90
Intestine 5.41 5.56 5.72 5.52 0.19 0.81 0.70
Spleen 0.11 0.12 0.09 0.08 0.01 0.14 0.72
Bursa 0.11 0.13 0.14 0.11 0.01 0.90 0.50
Gizzard 2.32 2.16 2.12 227 0.10 0.84 0.54
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Table 5. Impact of lavender essential oil on the breast muscle’s chemical and fatty acid composition.

Lavender Essential Oil, mg/kg p-Value
Parameters SEM N N
1] 200 400 600 Linear Quadratic
Dry matter % 71.02 72.13 73.68 74.24 0.53 0.28 0.37
Crude protein% 66.27 66.25 66.1 65.7 1.40 0.55 0.58
Fat % 5.92 49 6.0 5.8 0.30 0.76 0.64
Ash % 42 4.6 4.26 4.7 0.38 0.46 0.73
ALA % 0.02b 0.06 2 0.06 2 0.07 2 0.007 <0.01 0.05
EPA % 0.02b 0.042 0.042 0.052 0.004 <0.01 0.06
DPA % 0.01° 0.042 0.052 0.052 0.005 <0.01 0.05
DHA % 0.01"b 0.032 0.032 0.032 0.003 <0.01 0.02
LA % 0.79° 0.83 0.85 2P 0.88 2 0.01 <0.01 0.81
AA % 1.19° 12320 1.26 2P 1292 0.01 <0.01 0.75
n-3 (%) 0.06° 0.182 0.192 0.212 0.01 <0.01 0.03
n-6 (%) 1.98b 2.06 2P 2152 2164 0.02 <0.01 0.08
n-3: n-6 ratio 0.03b 0.08 2 0.0912 0.097 2 0.008 <0.01 0.03
b Means within the same row carrying different superscripts are significantly different (p < 0.05). ALA: alpha-
linolenic acid (18:3 n — 3), EPA: eicosapentaenoic acid (20:5 n — 3), DPA: docosapentaenoic acid (22:5 n — 3),
DHA: docosahexaenoic acid (22:6 n — 3), LA: linoleic acid (18:2 n — 6), AA: arachidonic acid (20:4n — 6),n — 3
(% of total fatty acids): omega-3 PUFA, n — 6 (% of total fatty acids): omega-6 PUFA.
Table 6. Impact of lavender essential oil addition on the liver and kidney function of broiler chickens.
Lavender Essential Oil, mg/kg p-Value
Parameters SEM ; ;
0 200 400 600 Linear Quadratic
ALT (U/L) 5.1b 7.2ab 7.34 ab 7.65 2 0.42 0.03 0.12
AST (U/L) 50.3 53.63 51.2 54.64 1.44 0.44 0.39
Creatinine (mg/dl) 0.70 @b 0.71 2 0.69P 0.732 0.01 0.02 0.08
Uric acid (mg/dl) 2.75 2.83 3.34 3.19 0.09 0.07 0.47
b Means within the same row carrying different superscripts are significantly different (p < 0.05). Aspartate
aminotransferase (AST). Alanine aminotransferase (ALT).
3.6. Serum Antioxidant Activity and Inflammatory Responses
The serum antioxidant capacity and lipid peroxidation data from the broilers are
shown in Table 7. The dietary supplementation with lavender essential oil at 200, 400,
and 600 mg/kg significantly reduced the MDA (linear, p < 0.01) content, but significantly
increased (linear, p < 0.01) the serum enzyme activities of TAC, CAT, SOD, IL1f3, and IFN-y
compared with the unsupplemented group.
Table 7. Impact of lavender essential oil addition on broiler chickens’ serum antioxidant activity and
inflammatory responses.
Lavender Essential Oil, mg/kg p-Value
Parameters SEM N .
0 200 400 600 Linear Quadratic
TAC (U/mL) 10.21°¢ 11.49 b 13.06 2 13.752 0.43 <0.01 0.29
CAT (U/mL) 2.80°¢ 3.87 be 5.51 ab 6.222 0.44 <0.01 0.69
SOD (U/mL) 136.31 ¢ 145.52 be 154.1 2b 160.84 2 2.98 <0.01 0.64
MDA (nmol/mL) 6.66 2 4.12° 3.22b 3.39b 0.45 <0.01 0.01
IL1B ug/mL 142°¢ 155° 161.33 2P 170.66 2 3.37 <0.01 0.54
IFN- v (pg/mL) 7.32¢ 11.23b 13.48 2b 14.822 0.90 <0.01 0.90

b, ¢ Means within the same row carrying different superscripts are significantly different (p < 0.05). TAC: total
antioxidant capacity, CAT: catalase, SOD: superoxide dismutase, MDA: malondialdehyde. IL1f3: interleukine
1 beta. IFN-y: interferon-vy.
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3.7. Histopathological Responses

Examined liver tissue from several experimental groups, treated with lavender extract
at doses of 0, 200, 400, and 600 mg kg*1 for groups LEOO, LEO200, LEO400, and LEO600,
respectively, revealed lobules made of hepatocyte groups. The interlobular branch of the
hepatic artery, the interlobular branch of the portal vein, the bile ductulus, and less obvious
lymphatic vessels and nerve branches were located near the periphery of each lobule. There
was a huge central vein in the center of each lobule. Most of the hepatic parenchyma
was made of rows of conical hepatocytes bordering the borders of elongate sinusoids.
Hepatic plates were created by the hepatocytes joining together in a hexagonal pattern.
The hepatic plates were ad hoc and positioned inward toward the central vein from the
outer margin of each liver lobe. Very few lymphoplasmacytic aggregations (inflammatory
cells) and mild portal vascular dilation were seen in the LEO600 group. Instead of being a
harmful inflammatory process, aggregated portal inflammatory cells appear to be immune
surveillance and protective mechanisms (Figure 2).

Figure 2. Photomicrograph from the liver of different experimental groups of chicken receiving
0 mg/kg lavender (E), 200 mg/kg (F), 400 mg/kg (G), and 600 mg/kg (H) showing the following:
normal histological characterization of different structures, including portal area (PA, yellow arrow)
hypertrophied Von Kupffer cells (green arrow), and hepatocytes (HC, black arrow), which are seen as
small masses around the central veins (CVs), while a few round cells are seen as a natural immune
response around the portal area (PA, yellow arrow). Mild dilation of hepatic sinusoids (HS, red
arrow) is seen in the group (G). H&E %100, 400.

3.8. Immunohistochemical Analysis and Morphometric Measures

Examined sections from the liver of different experimental groups with morphomet-
ric analysis revealed an average percentage of positive cells per three high power fields
(HPFs) to the pro-inflammatory marker (TGF-f3) in different experimental groups as follows:
0.08, 0.45, 0.93, and 7.2% for LEOO, LEO200, LEO400, and LEO600 groups, respectively
(Figures 3 and 4). Meanwhile, examined sections from the spleen of different experimental
groups with morphometric analysis revealed an average percentage of positive cells per
three high power fields (HPFs) to the pro-inflammatory marker (TGF-$3) in other exper-
imental groups as follows: 0.21, 0.82, 1.06, and 2.8% for LEOO, LEO200, LEO400, and
LEO600 groups, respectively (Figures 4 and 5).
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Figure 3. Immunostained positive TGF-f3 cells (red arrows) in the liver of different experimen-
tal chicken groups. (E): 0.08, (F): 0.45, (G): 0.93, and (H): 7.2% for LEOO, LEO200, LEO400, and
LEO600 groups.
TGF-p immunoexpression in the spleen (%) TGF-p immunoexpression in the liver (%)
is 8
a
3 a 7
2.5 6
5
2
4
1.5
b 3
1 c 2
b
I].S d ' 1 c C -
LEOO LEO200 LEO400 LEOG00 LEOO LEO200 LEO400 LEO6D0

Figure 4. The morphometric analytic data in the spleen and liver of different experimental groups.
LEOO, LEO200, LEO400, and LEO600: basal diets supplemented with 0, 200, 400, and 600 mg Kg_1
lavender essential oil, respectively. " ¢4 Means carrying different superscripts are significantly
different at (p < 0.05). TGF-p: transforming growth factor beta.



Antioxidants 2022, 11, 1798 11 of 16

ol

I v RIS A’ somIn e B THE v T Al YRR FA g g ﬂ
S5 L,_p s ?0"".'12 “" L S sy - 5 :...\ﬁ. | ’.‘. —J(;.’- \.ﬁ L ‘.
WE B A o~ Y SN Ty W A > o
= A T At g ks A B ALl L gl 1 O L T ..;".‘1. s 'q.o‘?».:'u la
e S - 4 :' -'1..‘-‘. 0-‘ '.,.._‘;;-"".Qrdﬁ * :Ql = $ 4 ’\-‘ "~ . p 4 ﬂ".‘)’ .".' -::.‘.\..; ':;' W= ‘1?" -’.,
“""‘ho’-"’l:‘a}ﬁ,.w‘“ - '?.t';s ’.:..:s":'f .3:’"?(’: 3w a Bt S BV ot w P v o2 0 4Vh
R25% < e RO g wee DR LSO A A, NG “::‘! N R A QY
- > " L L ) - % " S > .—'_.. . » -
> T 5 -‘.’"ga}\?.l A L 4 ,g:‘-.‘.,;‘_n se%ay e Seihs ‘h LR D et o o -\
.." 3 \woa"‘a‘- ' L }1 x5 ‘-‘ - -~ o= w%"b 4 —_— - e \“ Need L A -. ’ - .
Qi%. o ey Fot® 2= % . SRt $ — ~ af — & ¢ ‘! P
R aL i SEaeds Nl R A SR TR AL s T . e e i
T RAES AP P »'.v'-')ﬂn < . N g o RSP s S [ e 3 ’:\-"C}‘ !
a4 S ’5‘% » e .)." o™ _fanr ol ‘il!‘v‘, & *‘r"t‘): e = Ly ',’o'LO"J 2
PR s\ 2T . " - | . S & (4 T . 35 - T
T i £ R s GRS La s B e 3 Tt AT R SRR A Al > e 1Y
FaT i oy e oSN DALY ?',‘_'"}J~ ; iy N Lo N T g '/y“.‘ a8 ‘:‘v’
s = 8 i"l XN S of T NPy 2" Ford Ve \L\\J. bt 39 »g ¢ 5 @rT P- . - » ¥
. <. < SN A - ~"' s e Y, " "-?* ~‘,"’g,~ 3 - B =
\ TS e . wm ;—“:‘W{.‘!. ¥ ° A a,v“: “‘"..‘ B CAR 23 Ve UL e At B T e e
s S. e as~ . IR s g e s W Sl TN N e
W o b T et TR fr N R (O, s e e
I .Y Yo o e F 3 < TSN —u & » -~
A R R e S TR S TS AR s R e
sFame 2Y. w'e LGNS T e L M e N S Gl e e =
A S O P e AN 3 Ve A L S S g ™ 0+ s R L Pt A s A |

Figure 5. Inmunostained positive TGF-§ cells (red arrows) in the spleen of different experimental
chicken groups (E): 0.21, (F): 0.82, (G): 1.06, and (H): 2.8% for LEO0O, LEO200, LEO400, and LEO600
groups, respectively.

4. Discussion

Lavender essential oil is a mix of volatile organic compounds. In the present study,
the main bioactive compounds identified in LEO by GC-MS analysis were monoterpenes
such as a-pinene (32.24%), acetic acid linalool ester (32.24%), and «-linalool (16.06%) and
monoterpenoids such as terpineol (16.06%), eucalyptol (11.74), and phellandral (10.91%).
These active ingredients act as a digestion enhancer, balance the microbial ecosystem in the
gut, and stimulate the secretion of endogenous digestive enzymes, thus increasing growth
performance in poultry [44]. Previous studies demonstrated the antimicrobial activity of
a-pinene, the main component of LEO (32.24%) [45,46]. Linalool has been shown to have
appetizing properties and stimulate animal digestive processes [47]. However, our results
indicated that broiler chickens fed diets supplemented with lavender essential oil exhibited
no significant difference in growth performance during the experimental periods compared
with broiler chickens fed unsupplemented diets. No mortalities were recorded among the
experimental groups. Similarly, Kiictikyilmaz et al. [48] reported no significant effect of
LEO (24 and 48 mg/kg of diet) on broiler chickens” FI, FCR, and mortality. Salajegheh
et al. [49] showed that lavender powder (at a 1% level) improved the BWG and FCR during
the grower, finisher, and whole rearing periods. Nasiri-Moghaddam et al. [50] reported
increased BWG and reduced FCR of broiler chickens by dietary addition of LEO (350 mg/kg
diet) at an age of 22 to 42 d.

Concerning carcass criteria in the current study, lavender essential oil addition to
broiler diets did not affect the percentages of carcass yield or internal organs, including
intestinal, liver, heart, gizzard, and spleen. This result was in agreement with the result
reported by Salajegheh et al. [49], which showed no effect of lavender powder at 1%
supplementation on the relative weight of broilers’ thighs, breasts, and internal organs at
42 days of age. Moreover, Nasiri-Moghaddam et al. [50] reported no effect of LEO on the
relative weight of the gastrointestinal tract of broiler chickens.
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The fatty acid profile of chicken meat is influenced by the diet of the birds [4] and
genetic factors [51]. Chicken meat is richer in PUFA than other meat because the diet of
broilers is usually rich in PUFA [52]. Lately, dietary actions to alter the fatty acid profile of
meat have been a popular research topic [2,5,53,54]. Currently, the ways of enriching diets
for birds with plant extracts have received much attention owing to the many beneficial
uses of these extracts and, at the same time, the potential to increase production capacity
and enhance poultry health [55]. In the current study, dietary LEO addition enriched
the breast muscle with n-3 PUFA, particularly «-linolenic acid, eicosapentaenoic acid,
docosapentaenoic acid, and docosahexaenoic acid, and n-6 PUFA, mainly linoleic acid
and arachidonic acid. Its addition also increased the n-3/n-6 ratio in a dose-dependent
manner, which has the advantage of increasing consumer acceptance. The breast muscle
enrichment with PUFA in the LEO-fed birds can be attributed to the fatty acid composition
of LEO represented by 9,12,15-octadecatrienoic acid (x-linolenic acid), arachidonic acid,
3,7,11-tridecatrienoic acid, 5,10-undecadienoic acid, z-8-methyl-9-tetradecenoic acid, trans-
2-undecenoic acid, 13-docosenoic acid, and 11-octadecenoic acid. Kartikasari et al. [56]
showed that enriching broiler chicken diets with short-chain n-3 PUFA (x-linolenic acid)
lead to an increase in the percentages of long-chain n-3 PUFA (eicosapentaenoic acid (20:5
n — 3), docosapentaenoic acid, and docosahexaenoic acid) in the chicken tissues. However,
the chemical composition of the breast muscles (dry matter, crude protein, fat, and ash con-
tent) did not differ from the unsupplemented group. Unfortunately, there are scarce studies
on the effect of LEO on the fatty acid profile of breast meat. Hristakieva et al. [57] reported
no significant effect of LEO on the fatty acid profile of breast muscles of broiler turkey.

The current findings showed that ALT was increased in lavender essential oil com-
pared with the control in a level-dependent manner; however, AST and uric acid did not
report any changes among treatments, but the values are within the normal physiological
range [26,58,59]. These results are confirmed by the histomorphological examination of
the liver, which appeared normal among the experimental groups. However, very few
lymphoplasmacytic aggregations (inflammatory cells) and mild portal vascular dilation
were seen in the LEO600 group. This inflammatory action can explain the increased ALT
level in the serum by increasing the level of LEO.

As a crucial immune response of the organism, an extreme inflammatory response
can trigger a significant increase in the cytokines, causing disturbance of the immune
system and eventually permanent damage to the host [60]. Nitric oxide synthase, per-
oxidase oxygenase, and peroxidase activity can be increased by inflammatory processes,
which can also cause the release of pro-inflammatory cytokines [61,62]. Essential oils
can also influence the expression of pro-inflammatory genes, regulatory transcription fac-
tors, and signaling cytokines. The method may involve inhibiting the production and
release of pro-inflammatory cytokines and inflammatory mediators, acting as an anti-
inflammatory drug [63]. The present study showed increased inflammatory responses as a
consequence of increasing the level of LEO feeding indicated by increased serum level of
pro-inflammatory cytokines (IL13 and IFN-y) and mild up-regulation of the immune ex-
pression of TGF-f in the liver and spleen. This suggests the immunostimulant effect of LEO
on the innate immunity of birds through increasing the production of pro-inflammatory cy-
tokines, which can stimulate inflammatory responses in chickens. These results confirm the
histopathological examination of the liver, where we can find very few lymphoplasmacytic
aggregations (inflammatory cells) and mild portal vascular dilation at the highest levels of
LEO (600 mg Kg~!). Instead of being a harmful inflammatory process, aggregated portal
inflammatory cells appear to be immune surveillance and protective mechanisms. The
immunostimulant effect of LEO may be due to its bioactive compounds from monoterpenes
and monoterpenoids [45,46,60].

Numerous extracts and essential oils of particular herbs contain antioxidant character-
istics that have been demonstrated to be beneficial in delaying lipid peroxidation in oils and
fatty diets. These properties have attracted the attention of many researchers [1,3,64,65].
In the current investigation, supplementing the diet with lavender essential oil at doses
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of 200, 400, and 600 mg/kg linearly decreased the MDA content while linearly increasing
the serum enzyme activities of TAC, CAT, and SOD in comparison with the control group.
These findings suggested that the phenolic compounds had a significant role in the essential
oils” ability as antioxidants. Lavender essential oil supplementation boosted the activities of
SOD and GSH-Px and lowered the level of MDA in the serum [66]. Supplementing essential
oils to broiler diets is a simple and convenient strategy to incorporate natural antioxidants
into the meat. Essential oils could increase the oxidative stability of chicken tissues [66].
The antioxidant activity of LEO can be attributed to its content from monoterpenes such as
a-pinene, acetic acid linalool ester, and «-linalool and monoterpenoids such as terpineol,
eucalyptol, and phellandral, which were proven for their antimicrobial and antioxidant
activity [67-70].

5. Conclusions

Lavender essential oil can be included in broiler chicken diets up to 460 mg kg ~! with
no positive effect on the bird’s growth. It can improve the antioxidant capacity without side
effects on the carcass or internal organs. Feeding broiler chickens on diets containing LEO
enriched the breast meat with polyunsaturated fatty acids, increasing consumer acceptance.
Increased levels of supplementation (600 mg kg~ !) increased the inflammatory responses
in broiler chickens, indicated by higher serum levels of IL1f3 and IFN-y and up-regulation
of the immune expression of TGF-f in the liver and spleen.
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