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ABSTRACT

The effects of dietary Melaleuca alternifolia essential oil supplementation were investigated as an
alternative to antibiotics on growth performance, intestinal health, and oxidative status in broilers. A total
of 1960 yellow-skinned 1-day-old female broilers with an initial body weight of 38 g were randomly
assigned to one of four treatment groups (seven replicate pens per treatment, 70 broilers per pen). Broilers
consumed the basal diet free from antibiotics (control), or the basal diet supplemented with either 20
mg virginiamycin/kg, or 25 or 50 mg M. alternifolia essential oil/kg for 75 days. The M. aiternifolia
essential oil groups and the antibiotic group decreased the feed/gain (F/G) ratio of broilers from 1 to
25 days and from 1 to 75 days of age (P < 0.05) when compared with the control. The F/G ratios were
similar between the antibiotic and M. alternifolia essential oil groups. The M. alternifolia essential oil
and antibiotic groups showed decreased (P < 0.05) endotoxin and diamine oxidase levels in serum and
increased (P < 0.05) villus height in the ileum and caecum. These results showed that the intestinal
health of the broilers was improved by M. alternifolia essential oil ‘or antibiotic supplements. The M.
alternifolia essential oil and antibiotic groups had smaller (P < 0.05) Escherichia coli populations and
lower redox levels in the broiler intestine than the control. Our results show that M. alternifolia essential
oil promotes broiler intestinal health, probably through modulating intestinal bacteria and redox status.
Dietary supplementation with M. alternifolia essential oil as an alternative to antibiotics could be used to
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achieve beneficial growth performance in broilers.

Antimicrobial activity

INTRODUCTION

he poultry industry uses antibiotics to improve meat

production through increased feed conversion, growth
rate promotion, and disease prevention (Castanon, 2007).
Antibiotics can be used successfully at sub-therapeutic
doses in poultry production to promote growth, as well as to
achieve improved intestinal health (Dibner and Richards,
2005). However, owing to the development of bacteria
strains that are resistant to antibiotics, these practices
have now been brought into question (Mehdi ef al., 2018).
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European Union countries were the first to ban antibiotic
growth promoters (Huyghebaert ef al., 2011). In China,
restrictions have also been placed on the use of in-feed
antibiotics (Clark et al., 2012). Therefore, there is an
urgent need to find alternative treatments with fewer side
effects.

In the past decade, research into essential (volatile)
oils has received increased attention from both industrial
and academic sectors because of the growing interest in
green consumerism, and the need for alternative techniques
to assure the quality and safety of perishable foods (Burt,
2004). Evidence has also emerged that essential oils could
beused as alternatives to antibiotics in broilers (Aristimunha
etal.,2016; Skoufos et al., 2016; Adaszynska-Skwirzynska
and Szezerbinska, 2017). Melaleuca alternifolia, which
belongs to the Myrtaceae family (Siddique ef al., 2015), is
described as a scrubland species, and is found throughout
South America, western India, and Australia (Felipe ef al.,
2017). In recent years, M. alternifolia has been gradually
introduced into southern China. The essential oil of M.
alternifolia is obtained by steam or hydro-distillation
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from M. alternifolia biomass as secondary metabolites. It
is a volatile oil, rich in monoterpenes, and has a strong
characteristic odor (Brophy ef al., 1989; Leleach et ai.,
2000). The volatile compounds that comprise these oils
are known to exert different biological actions, such as
anti-microbial and anti-oxidative activities (Adaszynska-
Skwirzynska and Szezerbinska, 2017). However, the
efficacy of M. alternifolia essential oil as a replacement
for antibiotic growth promoters in broiler chickens has not
been reported.

The present study was conducted to assess the
effectiveness of using M. alternifolia essential oil as an
alternativetoagrowth-promotingantibiotic (virginiamycin)
on growth performance in female broiler chicks. Traits
such as intestinal integrity, intestinal oxidative status, and
intestinal microbiota were determined to study possible
modes of action for a potentially enhanced performance.

MATERIALS AND METHODS

Animals, diets, and treatments

A total of 1960 yellow-skinned female broilers were
selected from the same farm, based on body weight (BW),
genetic background, and health status. Each broiler (35
g BW) was randomly assigned to one of four dietary
treatments from blocks designed to balance initial BW
across treatments. Each treatment had seven replicate pens
of 70 broilers per pen (2.5 x 4 m). The dietary treatments
were: Control group, basal diet without any antibiotic;
Antibiotic group, basal diet supplemented with 20 mg of
virginiamycin per kilogram; M. alternifolia essential oil
groups, basal diet supplemented with 25 mg or 50 mg of
M. alternifolia essential oil perkilogram (replacement for
antibiotic). The temperature of the room was maintained
at 32-34°C for the first 3 days, which was then reduced by
2-3°C per week to a final temperature of 20°C. Broilers
had ad libitum access to feed and water throughout the 75-
day feeding experiment. The composition of the control
group diet is shown in Table 1. At 25, 55, and 75 days of
age, broilers were weighed after a 12-h feed deprivation,
and feed consumption was recorded to calculate the
average daily feed intake (ADFI), the average daily gain
(ADQG), and the feed: gain ratio (F/G).

Sample collection

One broiler per pen (total of seven broilers per
treatment) was harvested for intestinal morphology,
intestinal microbiota, and intestinal oxidative status.
Samples of the ileum and caecum were removed from the
same segment and then rinsed with ice-cold physiological
saline. One section was snap-frozen in liquid nitrogen and
then stored at —80°C until further analysis. Other sections

of intestine (1 cm) were kept in 4% neutral buffered
formalin for gut morphological analysis. Blood samples
were collected by beaker during exsanguination and was
then quickly separated into five tubes. A 10-ml blood
sample was placed on ice immediately and subsequently
centrifuged at 1300 g at 4°C for 15 min to obtain serum.
The serum samples were stored at —80°C for subsequent
analysis. The digesta samples were immediately removed
from the ileum and caecum of each broiler and stored at
—80°C until further analysis.

Table I. Composition and nutrient level of the basal
diet.

Items 1-25 26-55 56-75
days days days
Ingredients
Corn 63438 691.85 706.79
Soybean meal 20695 13546 115.88
Cottonseed meal 60.00 60.00 60.00
Corn gluten meal 50.00 50.00  50.00
Limestone 15.70 14.40 14.20
Dicalcium phosphate 9.30 10.3 8.60
Soybean oil 8.10 19.00  27.50
L-Lysine 5.13 6.92 6.21
“Premix compound 4.40 4.40 4.40
NaCl 3.50 3.50 3.50
DL-Methionine 1.28 24 1.54
Threonine 0.46 1.27 0.98
Choline chloride 0.80 0.50 0.40
Total batch 1000 1000 1000
Calculated nutrient levels
Crude protein (%) 20.50 18.00 17.00
Calcium (%) 0.90 0.85 0.80
Available phosphorus (%) 0.301 0.31 0.280
AME (kcal/kg) 2900 3030 3100
Lysine (%) 1.05 0.97 0.88
Met+Cys (%) 0.71 0.76 0.65
Threonine (%) 0.65 0.63 0.57
Arginine (%) 1.22 1.02 0.95
Tryptophan (%) 0.18 0.14 0.13

a Premix compound provided per kg of diet: retinol, 3.0 mg;
cholecalciferol, 0.045 mg; tocopherol, 20mg; menadione, 3.5 mg;
riboflavin, 8.0 mg; niacin, 35 mg; D-pantothenic acid, 10 mg; cobalamin,
0.015 mg; biotin, 0.18mg; folacin, 1.2mg; thiamine, 2.0 mg; pyridoxine,
3.5 mg; 8.0 mg of Cu from CuSO,.5H,0; 80 mg of Zn from ZnSO,.H,0;
100 mg of Mn from MnSO,.H,0; 60 mg of Fe from FeSO,.H,0; 0.7 mg
of I from KI; 0.3 mg of Se from Na,SeO,.
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Gut morphological analysis

The digestive tract was removed and the ileum and
caecum fixed in 10% phosphate-buffered formalin. The
samples were sectioned at 5 mm thickness and stained with
haemotoxylin and eosin. Villus height, villus width, and
villus crypt depth were measured on the stained sections
using a light microscope fitted with an image analyser
(Image Pro Plus 6.0; Media Cybernetics, Bethesda, MD,
USA). Twenty villi and crypts were measured for each
segment.

Measurement of serum endotoxin and diamine oxidase
levels

Serum endotoxin and diamine oxidase (DAO) levels
were measured using the double-antibody sandwich
enzyme-linked immunosorbent assay kit ELISA (R &
D Systems, Minneapolis, MN, USA). Immunological
detection of the endotoxin and DAO levels were performed
according to the manufacturer’s instruction.

Extraction of microbial DNA from gastrointestinal tract
digesta

Total DNA of ileum and caecum digesta was extracted
and purified from gastrointestinal tract digesta using a
QIAampDNAstoolkit(Qiagen,Hilden, Germany)according
to the manufacturer’s instructions. DNA concentration
was determined using a Nanodrop spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA). The
DNA obtained from the intestinal luminal content was
used as the template to analyse intestinal bacteria. Primers
Escherichia coliF: 5 CATGCCGCGTGTATGAAGAA3;
R: 5"CGGGTAACGTCAATGAGCAAA3Z and
Lactobacillus F: 5GCAGCAGTAGGGAATCTTCCA3';
R: 5"GCATTYCACCGCTACACATG3" wused in this
study were either synthesized according to our previous
protocols or designed with Primer 5.0 according to broiler
gene sequences. Real-time polymerase chain reaction was
performed according to a previous study (Zou et al., 2016).
The relative expression of genes in the treatment groups
was normalized based on the values of the control group.

Serum and intestine redox status measurements

Serum and intestine thiobarbituric acid reactive
substances (TBARS), total superoxide dismutase
(T-SOD), and glutathione peroxidase (GSH-Px) levels
were assayed using the commercial kits provided by
Nanjing Jiancheng Bioengineering Institute (Nanjing,
Jiangsu, China). TBARS was analysed based on the
reaction with 2-thiobarbituric acid (TBA). The resulting
pink product was measured spectrophotometrically at 535
nm, and the TBARS concentration was expressed as nmol
malondialdehyde (MDA) equivalents/mg protein. SOD

activity was measured by using its ability to inhibit the
reduction of nitro blue tetrazolium (NBT) by superoxide
ions generated by the xanthine/xanthine oxidase system.
The extent of NBT reduction was assayed at 560 nm. One
unit of SOD was defined as the activity that inhibited the
reaction by 50%. The SOD activity was expressed as U/
mg protein. GSH-Px activity was determined based on
quantifying the rate of oxidation of GSH to glutathione
disulfide by H,O, and catalyzed by GSH-Px. GSH reacts
with 5,5'-dithiobis-p-nitrobenzoic acid (DTNB) to produce
yellow coloured 5-thio-2-nitrobenzoic acid (TNB), which
can be quantified spectrophotometrically at 412 nm. One
unit of GSH-Px was defined as the enzyme amount that
reduced the level of GSH by 1.0 umol/L in the reaction
system in 1 min. GSH-Px activity was calculated and
expressed as U/mg protein. Protein concentrations of
supernatant fractions were quantified with a commercial
kit at 562 nm (BCA Protein Assay, Beyotime, China).

Statistical analysis

All results are expressed as data were analyzed
by ANOVA procedures of SAS (v 8.2, SAS Inst., Inc.,
Cary, NC.). Significant differences between treatment
means were determined by Duncan’s Multiple Range Test
method (Duncan, 1955). All the values were represented
as means * standard error of the mean (SEM) and those
at p < 0.05 were considered significant. Different letters
denote significant differences between groups.

RESULTS

Growth performance

The growth performance of broilers fed with different
treatments is summarized in Table II. The M. alternifolia
essential oil group and the antibiotic group decreased the
F/G ratio of broilers from 1 to 25 days and from 1 to 75
days of age (P < 0.05) when compared with the Control
group, and the value was similar between the antibiotic
group and the M. alternifolia essential oil group (P >
0.05). In addition, compared with the control group, the
antibiotic and M. alternifolia essential oil groups showed
greater ADGs from 26 to 55 days and from 1 to 75 days of
age, although only the change in the Antibiotic group was
significant (P < 0.05). No difference in ADFI was observed
among the four treatments (P > 0.05).

Gut morphology

The intestinal morphological indices, including villus
height, crypt depth, and villus width, were calculated
and are shown in Table III. The results indicated that the
ileum and caecum villus height in control broilers was
decreased significantly compared with that in antibiotic
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group broilers (P < 0.05). The M. alternifolia essential oil
group showed increased villus height in ileum compared
with the control group (P < 0.05). The value was similar
between the different doses of the M. alternifolia essential
oil groups (P> 0.05).

Table II. Growth performance of broilers from 1 to 75
days of age.

Items Con- Anti-
trol  biotic

M. ahemifolia SEM P
essential oil group value

group group ssmg/kg 50mg/kg

ADFI (kg day")

1-25days 243 245 239 24.4 0.17 0.64
26-55 days 56.1 58.6 57.7 57.2 0.43 0.16
56-75 days 93.0 92.0 904 91.3 0.75 0.62
1-75 days 55.7 56.5 555 55.7 0.30 0.65
ADG (kg day™)

1-25days 13.1 13.6 132 13.5 0.12 0.34
26-55 days 18.4° 19.7*° 19.3® 19.2#® 0.17 0.02
56-75 days 254 256 248 25.4 0.26 0.69
1-75 days 18.7° 19.4* 18.9%® 19.1% 0.09 0.05
F/IG

1-25 days 1.85* 1.80° 1.81° 1.80° 0.01" 0.02
26-55days 3.05 297 3.00 2.99 0.02 0.62
56-75 days 3.66 3.59 3.65 3.60 0.01- 0.15

1-75 days  2.98* 2.90° 2.93° 2910 0.01 <0.01

ADG, average daily gain; ADFI, average daily feed intake; F/G, feed
intake/gain; Control group, basal die without any antibiotic; Antibiotic
group, basal diet supplemented with 200 mg virginiamycin/kg; M.
Ahemifolia essential oil group, basal diet supplemented with 25 mg and
50 mg M. alternifolia essential oil/kg replacement for antibiotic. SEM,
standard error of means (n=7). *®Letters within a row denote statistical
differences between means.

Endotoxin and diamine oxidase

The endotoxin and DAO levels in broiler serum are
shown in Table IV. The M. alternifolia essential oil group
and Antibiotic group showed decreased endotoxin and
DAO in broiler serum when compared with the Control
group (P < 0.05). The levels were similar for the Antibiotic
and M. alternifolia essential oil groups (P> 0.05).

Intestinal microbiota

The microbial populations in the different intestinal
tracts are shown in Table V. Although no difference
was observed in Lactobacillus populations between the
treatments (P> 0.05), the Escherichia coli populations were
decreased in the M. alternifolia essential oil and antibiotic
groups compared with the Control group (P < 0.05).

Table III. Gut morphology in the ileum and caecum of
broilers.

Items Con- Anti- M. ahemifolia SEM P
trol biotic  essential oil group value
group group 2s5mg/kg 50mg/kg

lleum

Villous 262.20° 363.12* 322.50° 328.58* 9.50 <0.01

height (um)

Villous 52.62 64.52 66.86 61.32 2.56 0.22

width (pum)

Crypt depth 243.75 239.32 262.47 259.90 12.67 0.90

(nm)

Caecum

Villous 87.01° 113.06° 99.58® 100.75® 3.49 <0.01

height (um)

Villous 42137 42.03 39.69 3991 1.78 0.94

width (um)

Crypt depth 50.89 52.05 51.94 54.34 1.78 0.93

(um)

SEM, standard error of means (n=7). *® Letters within a row denote
statistical differences between means.

Table IV. Endotoxin and diamine oxidase levels in the
broiler serum.

Items Con- Anti- M. Ahemifolia SEM P
trol  biotic essential oil group value

group group 35:,0/ke 50mg/kg

Endotoxin 4.83° 2.38° 2.77°  274° 028 <0.01
(EU/ml)
DAO (U/L) 10.88 522° 731°  596°  0.57 <0.01

DAO, diamine oxidase; SEM, standard error of means (n=7). *® Letters
within a row denote statistical differences between means.

Table V. Major microbiota in different regions of the
broiler intestinal tract.

Items Con- Anti- SEM P value

trol biotic

M. ahemifolia
essential oil group

group group rs5mg/kg 50mg/kg

Escherichia coli

Ileum  1.00° 0.73> 0.74° 0.73° 0.03
Caecum 1.00° 0.74* 0.82° 0.73° 0.03
Lactobacillus

Ileum 1.00 0.87 0095 0.97 0.03 044
Caecum 1.00 1.01  1.00 0.99 0.02 0.96

SEM, standard error of means (n=7). The treatment group was normalized
based on the values of the control group. *° Letters within a row denote
statistical differences between means.

<0.01
<0.01
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Table VI. Oxidative status in the broiler serum and intestine.

Items Control group  Antibiotic M. ahemifolia essential oil group SEM P value
group 25 mg/kg 50 mg/kg

Serum

TBARS (nmol ml) 9.38° 6.79° 6.12% 4.49° 0.40 <0.01

T-SOD (U ml) 257.33¢ 272.02% 297.53%® 330.10° 4.06 <0.01

GPx (U) 2523.41° 2938.39° 3051.04° 3213.01° 38.09 <0.01

Ileum

TBARS (nmol mgprot™) 5.69* 3.38° 1.95° 1.32° 0.46 <0.01

T-SOD (U mgprot™) 228.74¢ 313.77° 419.06* 431.82° 21.03 <0.01

GPx (U) 40.50° 61.96® 77.38* 85.62* 5.90 0.02

Caecum

TBARS (nmol mgprot™) 47.79* 28.18° 15.76° 13.13¢ 3.65 <0.01

T-SOD (U mgprot™) 521.47° 631.90® 596.08* 693.73° 22.02 0.03

GPx (U) 40.00° 105.90® 114.11® 132.75° 13.90 0.08

TBARS, thiobarbituric acid reactive substances; T-SOD, total superoxide dismutase; GPx, glutathione peroxidase. SEM, standard error of means (n=7).

&b e etters within a row denote statistical differences between means.

Oxidative status

Table VI shows the redox status of the serum, ileum,
and caecum of the broilers. Compared with the control
group, the M. alternifolia essential oil and Antibiotic
groups had lower TBARS levels in serum, ileum, and
caccum (P < 0.05). Furthermore, the TBARS levels in
serum and caecum for the M. alternifolia essential oil
group were lower than those of the antibiotic group (P <
0.05). GSH-Px and T-SOD activities were higher in the 50
mg/kg M. alternifolia essential oil-group than the control
group for serum, ileum, and caecum (P < 0.05). In serum
and ileum, the GSH-Px activity was higher in the 50 mg/
kg M. alternifolia essential oil group than in the antibiotic
group (P < 0.05). T-SOD activity in the serum and GSH-
Px activity in the caecum were higher in the antibiotic
group (P < 0.05) than in the control group.

DISCUSSION

Antibiotics are used to fight bacterial infections, but
their widespread use has led to the emergence of resistant
bacteria. This leaves scientists worried about the dangers
to human and animal health posed by resistant bacteria
(Mehdi et al., 2018). Some strategies can be borrowed
to reduce the use of antibiotics in chicken farms. Much
research has been carried out to look for natural agents
with similar beneficial effects of growth promoters (Mehdi
et al., 2018). Essential oils are aromatic oily liquids
obtained from plant materials, and their effects on digestive
physiology, microbiology of the gut, growth promotion,
and antibacterial action have been reviewed (Burt et al.,

2004; Franz et al., 2010). M. alternifolia essential oil is
steam-distilled from the biomass of the native Australian
teatree. It contains more than 100 components, the majority
being monoterpene or sesquiterpene hydrocarbons and
their alcohols (Carson et al., 2006). In a previous study,
we identified 14 components representing 92.87% of the
M. alternifolia oil. Terpinene-4-ol (31.11%), y-terpinene
(25.30%), and o-terpinene (12.70%) were the major
constituents, followed by 1,8-cineole (6.83%), p-cymene
(4.23%), terpinolene (4.03%), limonene (2.50%),
a-terpineol  (2.35%), aromadendrene (1.75%), and
d-cadinene (1.41%) (Zhang et al., 2018). Furthermore, it
was also observed that M. alfernifolia oil has significant
antimicrobial and antioxidative activities in vitro (Zhang
etal.,2018). Extending this observation to a living system,
Liu et al. (2017) have demonstrated that the essential oil
of M. alternifolia, when administered in vivo, significantly
enhance broiler growth, modulate immune responses, and
improve intestinal morphology. Their findings suggest
that adding 50 mg/kg of this essential oil to broiler basal
diets is beneficial. Moreover, it has been deduced that a
diet supplemented with 300 mg/kg of M. alternifolia
essential oil not only elevates the growth performance
and meat quality of broilers but also bolsters their cellular
immunity (Ghanima ef al., 2021). However, the efficacy of
M. alternifolia essential oil as a replacement for antibiotic
growth promoters in broiler chickens has not been reported.
The present study showed that the F/G ratios at 1 to 25
days and 1 to 75 days were reduced after supplementation
with the M. alternifolia essential oil when compared with
the Control group. Nevertheless, for broiler performance,
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the product achieved similar effects to antibiotics. Thus,
our study showed that M. alternifolia essential oil induces
positive effects on the growth performance of broilers. We
found that M. alternifolia essential oil can act as alternative
growth promoter in broilers.

Interestingly, the F/G ratio was reduced in the M.
alternifolia essential oil group with no change in the
ADFTI at 1-75 days. It was also important to determine
whether the health of the digestive tract was improved and
further heightened nutrient utilization (Liu et al., 2017).
The function of the intestinal barrier can be assessed by
many indexes, such as serum endotoxin level and intestine
morphology (Vente et al., 2003; Forsyth et al., 2011;
Suzuki, 2013). In the present study, the heights of villi in
the ileum and caecum of the broilers were increased after
treatment with M. alternifolia essential oil or antibiotics.
The endotoxin and DAO levels in broiler serum decreased
significantly after treatment with M. alternifolia essential
oil or antibiotics. These results agreed with previous
findings, which demonstrated that a feed supplement of
plant essential oil increases the ileum villus height and
decreases the serum endotoxin level in broilers. Our results
indicate that M. alternifolia essential oil supplementation
is a promising approach for protecting the intestinal health
in broilers in a similar way to antibiotics.

The intestinal microbiota plays a critical role'in the
maintenance of mucosal homeostasis (Ivanov and Littman,
2011). A greater population of E. coli can affect the intestinal
mucosa because the organism releases toxins, resulting in
an intimate interaction between the microbiota and the
host enterocytes (Sartor, 2008; Finamore ef al., 2014).
The abundance and composition of intestinal bacteria can
be easily affected by various dietary factors (Maslowski
and Mackay, 2011). In the present study, the dietary
consumption of M. alternifolia essential oil decreased the
populations of E. coli in the ileum and caecum. Melaleuca
alternifolia essential oil is also documented to inhibit the
proliferation of E. coli in vitro and in vivo (Tsao et al., 2010;
Zhang et al., 2018). Reactive oxygen species (ROS) play
an important role in the pathogenesis of gastrointestinal
injury and dysfunction in broilers (Zhu et al., 2012). The
enhanced oxidative status in the intestine induced by the
inclusion of antibiotic would result from its antimicrobial
ability, which was supported by the simultaneously
improved immunity and intestinal microflora population
(Chen et al.,2018). Any imbalance between the production
of these molecules and their safe disposal may culminate
in oxidative stress (Young et al., 2005; Onmaz et al.,
2011). Excessive levels of ROS damage cellular proteins,
including cytoskeletal proteins, and ultimately disrupt
the gastrointestinal health (Bhattacharyya et al., 2014).
Melaleuca alternifolia essential oil is known to have

antioxidant activity in vitro. MDA is the end product of
lipoperoxidation and is considered an excellent indicator
of oxidative stress (Ho ef al., 2013). Therefore, it was also
observed that M. alternifolia essential oil was beneficial
for decreasing TBARS levels in the intestine and serum of
broilers. The beneficial effect of M. alternifolia essential
oil supplementation on the antioxidant status in this
study may be related to the antioxidant characteristics of
its components. Furthermore, reported that essential oil
protects against H,O,-induced IPEC-J2 cell damage by
inducing Nrf2 and related antioxidant enzymes (Zou et al.,
2016). The activities of the antioxidative enzymes, T-SOD
and GSH-Px, are known to contribute to sustaining a
delicate oxidative balance in biological tissues exposed to
oxidative conditions (Halliwell; 1994). In the present study,
dietary supplementation with M. alternifolia essential
oil reduced the production of lipid peroxidation products
and increased the‘activities of GSH-Px and T-SOD in the
serum and intestinal tract. These findings suggest that
M. alternifolia essential oil improved the redox status of
broilers by increasing the activity of antioxidant enzymes
and reducing peroxidation products.

CONCLUSION

The results of the study indicate that M. alternifolia
essential oil exhibits antibacterial and antioxidative
properties that make it an alternative to antibiotics as a
growth promoter in broilers. The present data indicate
that dietary supplementation with M. alternifolia essential
oil can promote the intestinal health in broilers without
using antibiotics. The protective effects of M. alternifolia
essential oil on the intestine are associated with decreased
populations of E. coli and lower intestinal oxidative stress.
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