Ghazanfari et al.

Iranian
chAurTlgc{
OAn%pr’nal
Science

Intestinal Morphology and Microbiology of

Broiler Chicken Fed Diets Containing Myrtle
(Myrtus communis) Essential Oil Supplementation

Research Article S. Ghazanfari'’, M. Adib Moradi’ and M. Mahmoodi Bardzardi’

t Department of Animal Science, College of Abouraihan, University of Tehran, Tehran, Iran
2 Department of Basic Science, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran

Received on: 8 Oct 2013
Revised on: 16 Dec 2013
Accepted on: 30 Dec 2013
Online Published on: Sep 2014

*Correspondence E-mail: shghazanfari@ut.ac.ir
© 2010 Copyright by Islamic Azad University, Rasht Branch, Rasht, Iran

Online version is available on: www.ijas.ir

ABSTRACT

This experiment was conducted to determine the effects of dietary myrtle essential oil on small intestinal
morphology and microbiology of broiler chickens. Two hundred day-old broiler chickens (Ross 308) were
allocated to 5 treatments, 4 replications with a completely randomized design. The diets were supplemented
with: no myrtle essential oil (control), each of myrtle essential oil at levels of 100, 200 and 300 mg/kg and
600 mg/kg flavophospholipol antibiotic of diet. On day 42 days of age, one bird from each replicate was
selected and then slaughtered and the intestinal microflora contents as well as morphology were analyzed.
Dietary myrtle essential oil and antibiotic supplementations consistently resulted in significantly longer
villus height, lower epithelial thickness and lower goblet cell number of the small intestinal at 42 day of age
compared with the control treatment (P<0.05). Also, lower Escherichia coli count and higher Lactobacillus
count of the caecum was found by inclusion of myrtle essential oil in the diet (P<0.001). The results of this
study suggested that myrtle essential oil may be considered as an alternative to antibiotic growth promoter
may improve poultry performance.

A [0l broiler, gut morphology, microbiology, myrtle essential oil.

with changes in the intestinal functions, for example villi

structure. It is well documented that the structure and mor-
Use of antibiotic growth promoters to improve animal per-  phology of villi play a substantial role in the digestion and
formance and health has been practiced during the last 50 absorption of nutrients in the gastrointestinal tract. Nutrient
years. Antibiotics have generated resistant strains by trans- absorption in the gastrointestinal tract is more effective to
ferring resistance to other species, especially in shared increase in the size and height of intestinal villi. Factors,
strains between humans and animals, and made serious such as diet were found to influence the morphology of the
problems in public health and livestock (Jang et al. 2007). intestinal villi. In various domestic birds, there was a corre-
Recently, the use of essential oil has become popular due to lation between the morphology of the intestinal villi and

antimicrobial properties. Essential oils may specifically  food habits (Zulkifli et al. 2009). Digestive microflora
enhance the activities of digestive enzymes and nutrient  populations affect broiler performance and health. These
absorption, which may improve the values of feed (DI effects may be due to the complex interactions that influ-
Pasqua et al. 2007). Also, the efficient feed utilization of ~ ence the intestinal environment and the development and
broiler chickens such as essential oil could be associated responses of the host immune system against pathogenic
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and nonpathogenic antigens (Jang et al. 2007). The under-
standing and monitoring of the dynamics of gut microbial
ecology are important to the development of alternative
methods to modulate the microbial communities under
situations of debilitating stress and disease, such as during
coccidial infection in poultry (Oviedo-Rondo'n et al. 2006).
Myrtus communis (Myrtaceae family and subfamily Myr-
toideae) is a plant that has been used since ancient times for
medicinal, food and spice purposes (Romani et al. 1999).
This aromatic plant grows wild in the coastal areas of Tuni-
sia, Morocco, Greece, Turkey and France and it is culti-
vated in these countries as well as in Iran (Weyerstahi et al.
1994). The fruits mostly contain volatile oils, tannins, sug-
ars, flavonoids and organic acids such as citric and malic
acids. Also the leaves contain tannins, flavonoids such as
quercetin, catechin and myricetin derivatives and volatile
oils (Romani et al. 1999). Ozek et al. (2000) reported the
most important constituents of myrtle essential oil are
myrtenol, myrtenol acetate, limonene, linalool, a-pinene, 1,
8-cineole, PB-caryophyllenein, p-cymene, geraniol, nerol,
phenylpropanoid and methyleugenol.

The purpose of this study was to determine the effects of
increasing dietary levels of myrtle essential oil supplemen-
tation in comparison with an antibiotic growth promoter on
microbial populations of Lactobacilli and Escherichia coli
and small intestinal histological characteristics in broiler
chickens.

MATERIALS AND METHODS

Myrtle essential oil was obtained from Zardband Pharma-
ceutical Company, (Tehran, Iran) that myrtle essential oil
obtained from the leaves Myrtus communis by steam distil-
lation. The myrtle essential oil was analyzed by a gas
chromatograph (9-A-Shimadzu) and GC/MS (Varian-3400)
column (DB-1, 60 mmx0.25 mm fused silica capillary col-
umn, film thickness 0.25 pm) using a temperature program
of 40 °C-220 °C at a rate of 4 C/min, an injector tempera-
ture of 260 °C and using the carrier gas helium. The con-
stituents were identified by comparison of their mass spec-
tra with those in the computer library and with authentic
compounds. The identifications were confirmed by com-
parison of their retention indices with those of authentic
compounds or with literature data. The study took place in
the poultry research station at University of Tehran, Iran, in
2012. Two hundred day-old broiler chicks (Ross 308) were
weighed and randomly assigned into five treatments, each
treatment was further sub-divided into four replicates of 10
birds per cage. The experimental diets were based on corn-
soybean meal containing vegetable oil. Feed and water
were consumed ad libitum. Temperature and relative hu-
midity were maintained within the optimum range. The
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lighting program consisted of a period of 23 h light and 1 h
of darkness during the trial. The ambient temperature was
gradually decreased from 33 to 20 °C on day 42. The birds
were kept in 20 pens (1x1.1 m) at total of period. The die-
tary treatments consisted of a basal diet (Ross 308 recom-
mendation) (Aviagen. 2002), considered as control, an anti-
biotic treatment received 600 mg/kg (Recommended level
for growth promotion by animal drug company) of flavo-
phospholipol (antimicrobial growth promoter), myrtle es-
sential oil at levels of 100, 200 and 300 mg/kg feed. The
ingredients and the composition of control diet are pre-
sented in Table 2. The myrtle essential oil was mixed in a
carrier (soybean oil), which was then added to the basal
diet. All diets were prepared freshly every week and diets
were in mash form. Gas chromatograph-MS analysis of the
myrtle essential oil is presented in Tables 1.

L] Chemical composition of the essential oil of Myrtus communis
No Compound Retention index %

1 Isobutyl isobutyrate 890 0.8
2 a-thujene 920 0.24
3 a-pinene 932 30.1
4 Myrcene 981 0.2
5 p-cymene 1019 0.5
6 Limonene 1023 20.4
7 1, 8-cineole 1027 18.1
8 Y-terpinene 1057 0.5
9 Terpinolene 1084 0.4
10 Linalool 1087 9.8
11 a-campholenal 1120 0.3
12 Terpinene-4-ol 1168 0.4
13 a-terpineole 1179 33
14 Trans-carveole 1213 0.5
15 Cis-carveole 1218 0.1
16 Geraniol 1244 1.0
17 Linalyl acetate 1249 4.2
18 Methyl geranate 1312 0.2
19 a-terpinyl acetate 1342 1.2
20 Methyl eugenol 1370 1.7
21 B-caryophyllene 1432 0.3
22 a-humulene 1464 0.1
23 Spathulenol 1564 0.1
24 Caryophyllencb 1588 0.3
epoxide

All chicks were fed starter diets from 1 to 10 days of age,
grower diets from 11 to 24 days of age and finisher diets
from 25 to 42 days of age. At 42 days of age, one bird from
each pen (closest to the mean pen body weight) was se-
lected. The birds were sacrificed by cervical dislocation and
the digestive tract was carefully excised. After removing
the intestinal contents, approximately 3 cm lengths of duo-
denum (midpoint of the pancreatic loop), jejunum (mid-
point of jejunum) and ileum (5 cm after Meckel’s diverticu-
lum) were removed for gut morphological measurements.
Intestinal samples from each section were immersed in
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formaldehyde, before fixation in Bouin’s solution and par-
affin embedding. Histological examinations were carried
out according to the method of Iji et al. (2001).

IEELIER Composition of basal diet as fresh matter basis and analyzed
contents of main nutrients (%)

Feed ingredients (e/ke) Starter Grower Finisher
(1-10d)  (11-244d) (24-42 d)
Maize, yellow 55.9 57.7 63.0
Soybean meal 44% 36.7 343 29.2
Soybean oil 2.79 4.17 4.00
Dicalcium phosphate 1.79 1.45 1.35
Calcium carbonate 1.33 1.16 1.14
Common salt 0.20 0.20 0.29
Vitamin premix' 0.25 0.25 0.25
Mineral premix’ 0.25 0.25 0.25
DL-methionine 0.39 0.32 0.27
L-lysine HCI 0.40 0.22 0.20
Total 100 100 100
Metabolizable ener;
(keal/ke) 24 2938 3055 3100
Crude protein 21.48 20.37 18.57
Calcium 1.01 0.91 0.82
Available phosphorus 0.51 0.44 0.41
Lysine 1.39 1.19 1.06
Methionine 0.72 0.65 0.57
Sodium 0.11 0.11 0.14
chlorine 0.24 0.20 0.25

" Contained per kilogram: vitamin A: 5500000 IU; vitamin D5: 1500000 IU; vitamin
E: 15000 mg; vitamin K: 800 mg; vitamin B,: 15 mg; Thiamine: 1000 mg; Ribo-
flavin: 4000 mg; Niacin: 25000 mg; Biotin: 30 mg; Folic acid: 500 mg; Pantothenic
acid: 5000 mg and Pyridoxine: 1500 mg.

% Contained per kilogram: Cu: 12000 mg; Fe: 35000 mg; Zn: 25000 mg; Co: 150
mg; I: 500 mg; Co: 150 mg; Se: 120 mg and Mn: 38000 mg.

Paraffin sections at 6 um thickness were made from each
sample, stained with hematoxylin and eosin, and examined
by light microscopy. Villus height, crypt depth, goblet cell
number and epithelial thickness were analyzed from each
preparation. The length of the intestinal villi and the depth
of the intestinal crypt were measured with linear scaled
graticule. The number of goblet cells/um? area of the villus
and crypts was measured by 25 squared graticule. Also,
digest content samples from the cecum of 2 birds from each
replicate were collected into glass containers at slaughter.
Samples put on ice till they were transported to the labora-
tory for enumeration of microbial populations. The popula-
tions of Escherichia coli and Lactobacilli bacteria were
then estimated as the log 10 of colony forming units (cfu)
per gram of caecum content. Sterilized PBS (99 mL) was
added (1:100) to 1 g of fresh material, and then subsequent
dilutions prepared. Escherichia coli was cultured on Mac-
Conkey agar (Merck, Germany) at 37 °C for 24 hours, and
the presence of Escherichia coli then determined. Lactoba-
cilli was enumerated on MRS (Merck, Germany) agar after
incubation for 48-72 h at 37°.

A completely randomized design (CRD) was employed.
Data were analyzed by General Linear Models procedure of
Statistical Analysis System (SAS, 2004).
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Logarithmic (log;o) transformation was applied for mi-
crobial colony forming unit (cfu). Duncan’s multiple range
test were used for comparison of means (P<0.05).

RESULTS AND DISCUSSION

The major components were a-Pinene (30.1%), Limonene
(20.4%), 1, 8-cineole (18.1%), Linalool (9.8%), Linalyl
acetate (4.2%) and o-terpineole (3.3%).

Morphometric measurements made in the small intestinal
(duodenum, jejunum and ileum) of broiler chicken are pre-
sented in Table 3. It was found that dietary myrtle essential
oil and antibiotic supplementations consistently resulted in
significantly longer villus height of the jejunum (P<0.05)
and ileum (P=0.06) at 42 day of age compared with the
control treatment.

No differences were found in crypt depth and villous
height to crypt depth ratio of small intestinal at 42 days of
age by the inclusion of myrtle essential oil and antibiotic
supplementations in the diet. Myrtle essential oil and anti-
biotic supplementations significantly influenced epithelial
thickness in this study may suggest an enhanced rate of
nutrient absorption. Myrtle essential oil and antibiotic sup-
plementations significantly decreased epithelial thickness of
small intestinal (P<0.05) at 42 days of age compared with
the control treatment. At 42 days of age, the goblet cell
number of small intestinal tended to be decreased (P<0.05)
for broiler chickens fed the antibiotic supplemented diet
than the myrtle essential oil supplement. In addition to,
dietary myrtle essential oil supplement had a lower number
of goblet cell (P<0.05) compared with the control treat-
ment.

Animals of all treatments had a normal intestinal struc-
ture; the highest villi were in duodenum followed by lower
villi in jejunum and the lowest being in ileum. The intesti-
nal villi were slim and finger-shaped and the intestinal mu-
cosa revealed no histopathological changes in animals from
all treatments (Figure 1 and 2).

The effect of dietary myrtle essential oil supplementation
on Escherichia coli and Lactobacilli numbers in cecum
contents of broilers are shown in Table 4. The counts of
Escherichia coli in the cecum of broilers fed on diets with
myrtle essential oils at levels of 200 and 300 mg/kg feed
and antibiotic were decreased significantly (P<0.0001) as
compared with the control treatment. On the other hand, the
counts of Lactobacilli were significantly higher in birds fed
the diet containing myrtle essential oil and antibiotic than
those given the control diet (P<0.0001).

In the present study, The major components myrtle es-
sential oil were a-pinene (30.1%), Limonene (20.4%), 1,8-
Cineole (18.1%), Linalool (9.8%), Linalyl acetate (4.2%)
and o-terpineole (3.3%).

Iranian Journal of Applied Animal Science (2014) 4(3), 549-554



Effect of Myrtle Oil on Morphology and Microbiology

[l Effect of dietary myrtle essential oil supplementation on small intestine morphology of broiler chickens at 42 days of age

Treatments

ftem 100 200 300 Control Antibiotic +SEM P-value

mg/kg mg/kg mg/kg
Duodenum
Villous height (jm) 1754 1765 1757 1737 1760 23.7 0.55
Crypt depth (um) 150° 147 150° 142° 149° 2.13 0.1
Villous height to crypt depth ratio 11.7 12 11.7 12.2 11.8 0.18 0.23
Epithelial thickness (um) 43° 45% 46.5" 49.2° 43° 1.37 0.02
Goblet cell number 9% 9% 8.2 10.2° 7.2° 0.66 0.05
Jejunum
Villous height (im) 859* 864° 860° 844° 860° 3.95 0.02
Crypt depth (um) 153 153 155 145 148 337 0.23
Villous height to crypt depth ratio 5.62 5.66 5.55 5.83 5.8 0.12 0.44
Epithelial thickness (um) 38.7%® 37be 352 41° 34 1.31 0.01
Goblet cell number 8.7 g 8.2 9.7 6.5 0.67 0.04
Tleum
Villous height (um) 804° 800° 791% 775° 789% 6.6 0.06
Crypt depth (um) 104 108 108 99.5 109 4.12 0.43
Villous height to crypt depth ratio 7.77 7.43 7.36 7.84 7.25 0.34 0.68
Epithelial thickness (um) 32.5% 27.7° 26.2 37.7° 25.7° 2.05 0.004
Goblet cell number 8.5 7.5 7" 9.5 5.75° 0.54 0.002

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

Rasooli et al. (2002) reported that the major components
of Myryus communis. Essential oil are a-pinene (29.4%),
Limonene (21.2%), 1, 8-cineole (18%), Linalool (10.6%),
Linalyl acetate (4.6%) and a-terpineole (3.1%). Chryssavgi
et al. (2008) reported that the major components of Myrtus
communis. Essential oil are myrtenyl acetate (39%), 1, 8-
cineole (13.5%), a-pinene (10.9%) and linalyl acetate
(3.6%).

Good intestinal health will lead to a better growth rate
and feed efficiency in poultry. Intestinal morphology char-
acteristics are affected by dietary treatments. In this ex-
periment, the results showed that the use of myrtle essential
oil improved intestinal morphology characteristics such as
longer villus height and lower epithelial thickness, which
this reaction can lead to increase feed utilization and im-
prove performance.

Photomicrograph of cross section of jejunum full thickness from
control animal

(a: indicating villous height and b: indicating crypt depth as measured) H
and E, X 100

However, Akin et al. (2010) did not find a-pinene and 1,
8-cineole in myrtle oil. Romani et al. (1999) has previously
reported this composition, but they have also suggested that
environmental factors such as geography, temperature, day
length and nutrients, may modify the chemical composition
of the myrtle oil. These factors influence plant biosynthesis
pathways and consequently, the relative proportions of the
main characteristic compounds (Biricik et al. 2012).
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Photomicrograph of cross section of jejunum full thickness from
control animal

(a: indicating epithelial thickness and b: indicating goblet cell as meas-
ured) H and E, X 400

(Bar=500 pm)

Similar observations were reported by Garcia et al.
(2007), who showed that using medicinal plants in feed
causes a higher villous in chickens. They suggest that me-
dicinal plants decrease the total harmful bacteria in the in-
testinal wall and cause a reduction in production of toxic
compounds and damage to intestinal epithelial cells such as
shorter villi and deeper crypts.
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LEL [ The effect of dietary myrtle essential oil supplementation on Escherichia coli and Lactobacilli numbers in cecum contents of broilers at 42

days of age
Item Treatments I
100 mg/kg 200 mg/kg 300 mg/kg Control Antibiotic +SEM P-value
Escherichia coli (log cfu g™) 5.62° 4.54° 3.53° 5.74° 3.33¢ 0.09 <0.0001
Lactobacilli (log cfu g™) 5.68° 5.64° 5.78° 4.46° 6.25 0.06 <0.0001

SEM: standard error of the means.

This function could lead to a conversion in intestinal
morphology. Giannenas et al. (2010) reported a shorter
villus and a deeper crypt when the counts of pathogenic
bacteria increase in the gastrointestinal tract, which result in
fewer absorptive and more secretory cells. The size and
height of the villi are important for intestinal function and
diet is one of the important factors that could alter the mor-
phology of intestinal villi.

In this experiment, shows that villi height increased sig-
nificantly in birds given diet containing myrtle essential oil
and this is an important factor in the efficiency of digestion
and absorption of nutrients. The height of the villi may re-
flect the surface area. The increase in villi height suggests
an increase in the absorptive surface area and greater ab-
sorption of available nutrients and thus, feed efficiency will
be improved. Also, it was reported that the active principles
of herbs, essential oils or plant extracts may act as digesti-
bility enhancers, balancing the gut microbial ecosystem and
stimulating the secretion of endogenous digestive enzymes
and thus improving growth performance in poultry (Cross
etal. 2007).

In this study, higher villus height could be related to anti-
bacterial property of antibiotic and myrtle oil. The mucus
layer in the small intestine plays an important role in pro-
tection of the small intestinal epithelial cells and in trans-
port between the lumen and the brush border membrane and
thus, the ontogeny of its development has extensive impli-
cations for intestinal function. Mucin is secreted by goblet
cells along the villi within the epithelium. The present study
has indicated that number of goblet cells was decreased in
the small intestine at 42 days of age for birds fed the myrtle
essential oil and antibiotic supplementations. The study has
shown that evidence of enhanced mucin secretion in re-
sponse to differing intestinal microbial populations has
been presented. As antibiotics and myrtle essential oil sup-
plementations could control colonization of numerous
pathogenic and nonpathogenic species of bacteria in chicks'
gut (Bedford, 2000). We suggested that may lead to a lower
mucus secretion, resulting in a decreased number of goblet
cell. Uni et al. (2003) showed that delayed access to feed
for 48 h post hatch resulted in an increase in goblet cell
density in broiler. In contrary, Jamroz et al. (2006), who
observed qualitative increases in the number of goblet cells
and in mucin secretion at the surface of the villi of the jeju-
num when feeding broilers a mixture of 5, 3 and 2 mg/kg of
carvacrol, cinnamaldehyde, and capsicum oleoresin.
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In this study, the supplementation of myrtle essential oil
decreased the colony unit forming of Escherichia coli and
increased the colony unit forming of Lactobacilli (P<0.05).
This was in accordance with the finding of some research-
ers who mentioned that essential oil (Jang et al. 2007) re-
strains pathogen bacteria as Escherichia coli by increasing
non-pathogens. Jang et al. (2007) found that, CFU of Es-
cherichia coli decreased and CFU of Lactobacilli increased
by addition of essential oils at the level of 50 ppm. Simi-
larly, a blend of capsicum, cinnamaldehyde and carvacrol
lowered the number of Escherichia coli and Clostridium
perfiringensin ceca (Jamroz and Kamel, 2002). Essential oil
basically consists of two classes of compound, the terpens
and phenylpropenes. Terpens and phenylpropenes are syn-
thesized by the mevalonic and shimic pathway, respec-
tively. Generally, the essential oil possesses the strongest
antibacterial properties against pathogens. Essential oil con-
tains a high percentage of phenolic compounds such as car-
vacrol, eugenol and thymol (Brenes and Roura, 2010). Im-
provements in treatments containing myrtle essential oil,
probably is due to the myrtle oil antibacterial properties.
Rodriguez-Vaquero et al. (2007) demonstrated the antim-
icrobial properties of phenolic compounds against Es-
cherichia coli.

It is clear that controlling the microflora could positively
influence birds’ performance and dietary feed additives
such as essential oils may enrich the diversity of Lactoba-
cillus (Mandel et al. 2000). Lactobacillus species may re-
press pathogenic microorganism as aerobic bacteria, Coli-
form, Escherichia coli, Enterococcusin chicken jejunum
and caecum, by this the microbial balance may be restored
and the natural stability of jejunal and caecal microbiota.
Lactobacilli bacteria in the small intestine banded to recep-
tors located on villus and show a very close relationship
between intestinal bacteria and villus. So, it could be as-
sumed that the bacteria can cause changes in the villi of the
small intestine (Lan et al. 2004).

CONCLUSION

The morphology and functionality of the different regions
of the intestinal tract seem to be a flexible system that is
able to adapt to the needs of the organism. However, little
information is available on how phytogenic compounds
may affect gastrointestinal morphology and functionality.
In the present experiment, supplementation with the myrtle
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essential oil had the most notable effects on small intestinal
morphology, causing an increase in villus height as well as
a decrease in epithelial thickness and total number of goblet
cells. Adding myrtle essential oil to broiler diets improved
gut microflora (as measured by changes in populations of
Escherichia coli and Lactobacillus). The results of this
study suggested that myrtle essential oil may be considered
as an alternative to antibiotic growth promoter may im-
prove poultry performance.
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