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ABSTRACT

The current study was carried out on broiler chickens to assess whether probiotics or
essential oils could be utilized instead of antibiotics growth promoters (AGP) in typical feed
formulations, to determine their effectiveness. A total of 2250 broiler chicks at one-day old age
were allocated into 5 dietary treatments in a completely randomized design with 9 replicates
per treatment and 50 chicks/replicate. The Probiotic included three strains of Bacillus
amyloliquefaciens, the essential oil (EO) was a blend of Cinnamaldehyde-Thymol, and the
AGP was Lincomycin™. These additives were added to the basal diets (BD) to formulate the
following dietary treatments (T): (T1) control-fed BD that is regularly used by broiler farmers
(T2) control-fed BD that is regularly used by broiler farmers and supplemented with
Lincomycin™ (100 g/ton) as AGP; (T3) fed BD + Probiotics (Enviva® PRO 60 g/ton); (T4) fed
BD + EO (Enviva® 100g/ton); and (T5) fed BD + combination of both probiotics and EO with
the same doses used in T3 and T4. The study findings demonstrated that the use of probiotics
or essential oils did not have any significant impact on the average body weight gain, final
body weight, feed conversion ratio, or footpad lesion scores when compared to the AGP
group. It was concluded that replacing the AGP with probiotics or EO, as natural feed
additives, had no negative effects on broiler performance. The probiotic strains or the EO
could be safe alternatives to AGP.
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INTRODUCTION

The growing awareness of the interconnection
between health, and nutrition in the broiler
industry has sparked a surge of interest in
seeking suitable alternative products to
antibiotic growth promoters (AGP) which used
to improve performance (5, 11). One of the
main concerns is developing antibiotic-
resistant bacteria. European Union banned the
use of most AGP in broiler diets due to
multiple and/or cross-resistance (37). Cross-
resistance against pathogens and antibiotic
residues in tissues was previously confirmed
by (14). (40) proposed that the intensive use of
antibiotics in broiler diets led to increased
resistance lines of microorganisms. Numerous
types of alternatives to AGP are developed
such as probiotics, prebiotics, symbiotic,
organic acids, and essential oils (EO).
Alternative efficacy can differ depending on
several factors such as nutrition, management
practices, and environmental conditions (22).
Probiotics are live microorganisms (bacteria or
yeast) that are naturally found in the gut of
animals. Probiotics work by keeping balance
of useful bacteria in the gut, in order to help
improve nutrient digestion, absorption, boost
immunity, and reduce the disease threats (39,
40). Additionally, they support inhibition
harmful bacteria growth in the gut by
competing for nutrients and adhesion sites (16,
41, 34). Essential oils are organic plant
extracts known as phytogenic compounds (35).
They have several benefits as improving
growth performance (4,53), gut health (24, 50,
20), enhancing immunity (1,19), and
improving® meat quality (44). Beneficial
effects of probiotics and EO reported widely
such as improving weight gain, promoting
feed intake, enhancing digestion, and
increasing feed conversion efficiency (6, 13,
33), Another advantage is that it increases
enzyme activity by stimulating the animal's
digestive system, increases metabolism and
use of digestive products, and improves liver
functioning (23, 25). Probiotics and EO play
an essential role as antimicrobial active
substances that reduce colonization of
pathogens and invasion in the host digestive
system to eliminate various enteric infections
(17,48,52). Thymol was identified by (21) as
one of the strongest bioactive antimicrobials
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among all phytochemicals. It is the major
component of thyme EO, and the substance is
found in plants such as Thymus vulgaris it is
recognized for its ability to target bacterial
membranes and generate pores that permit the
release of substances from the cell and the
entry of chemicals from outside the cell (36).
Cinnamaldehyde is naturally occurring plant-
derived chemical with antibacterial action that
has the potential to be used instead of
conventional antibiotics (18). Cinnamaldehyde
attacks proteins involved in generating energy
for bacteria (36). This mode of action is
considered to be crucial in giving broad
coverage against both types of bacteria the
gram-negative and gram-positive (36). The
efficacy of each thymol and Cinnamaldehyde
blend to have antimicrobial activities against
C. perfringens is stated in several poultry
researchs (32). Bacillus strains, particularly
those of the amyloliquefaciens type, have been
discovered as probiotic bacteria that help to
create and maintain a balanced microbial
population in the host animal's gut (9).
Increased beneficial bacteria colonization
makes the gut environment less favorable to
coliform colonization and aids in maintaining
optimal villi height and crypt depth, assuring
the gut's capacity to absorb nutrients for
animal maintenance and growth (28). On the
other hand, probiotics have been demonstrated
to elicit a beneficial impact on the immune
system of broiler by stimulating the
development of gut-associated lymphoid tissue
and enhancing the activity of immune cells
(15, 30). Probiotics interact with the goblet
cells, M cells from the Peyer’s patches, and
enterocytes, increasing the number of IgA-
producing cells along with producing IgM and
IgA, which is important for the immunity of
the mucosa because it forms a barrier against
pathogenic microorganisms (29). This study
aims to find safe alternative for AGP. The
study hypothesized that using either probiotics,
EO, or both will improve the overall
performance of broiler chickens and will be a
substitute for AGPs.

MATERIALS AND METHODS

Study Location, Feed, and Test Products
The University of Jordan's Scientific Research
Council  authorized the  experimental
methodology. This experiment was carried out
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at AL-Estesharia company research facility,
Amman, Jordan. AL-Estesharia Research
facility is a state-of-art research facility for
field experiments on poultry. The laboratory
works and analyses were carried out at the
University of Jordan, school of Agriculture
and AL-Estesharia lab. Feed was produced at
AL-Estesharia feed mill. Three phases basal
diets (starter, grower, and finisher) were
produced and used for all treatments. The
basal diets were formulated to be Antibiotic-
and Coccidiostat-free. The composition and
nutrients content of the basal diets were
formulated in a specialized computer program
(Brill Software V1.36.017) to meet the broiler
nutrients requirement according to the strain
commercial guideline (Ross 308 Strain
Guideline). All diet types were iso-caloric and
iso-nitrogenous. Table 1 shows the nutritional
composition of the basal diets. Five samples of
200 g each, from each diet type were collected
and thoroughly mixed (total=1000g) and sent
to perform chemical analysis of feed
composition (Gross energy, crude protein,
amino acids profile, moisture, ash, crude fat,
starch, sugar, crude fiber, phosphorus,
calcium, and sodium). Feed analyses was
conducted at AL-Estesharia Lab. A sub-
sample of 200g sent to Danisco labs-Germany

for a recovery test of  Bacillus
amyloliquefaciens and thymol-
cinnamaldehyde blend to ensure the

homogeneity of mixing before launching up
the trial. The experiment started upon
receiving homogeny approval from Danisco.
At the research center, one metric ton from
each diet produced firstly to flush out the
production lines then excluded to make sure
that production lines are clean of any previous
residues from other rations. Test products
weighed separately and added to feeds in
automated highly sensitive injectors. Three
commercial products were used in this
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experiment. The recommended dosage of these
products was according to the manufacturer.
The description of the three commercial
products were as the following: Bacillus
amyloliquefaciens Strains (Probiotics)
provided by Enviva® PRO (Danisco Animal
Nutrition, USA). It is a probiotic contains
three strains of Bacillus amyloliquefaciens
isolated from intestinal tracts of healthy
chickens: BS15AP4, BS8 and BS2084. It is
provided in powder form with a concentration
of 2.5x109 CFU/g, and it is a thermo-stable
product. The recommended dose for broiler
chickens is 60 g of the product/MT feed.
Essential Oils (EO) provided by Enviva® EO
(Danisco Animal Nutrition, UK). It is a
combination of Cinnamaldehyde and Thymol
aromatic molecules that have been formed by
the carrier phase using maltodextrin gum
mixed with oil phase of cinnamaldehyde and
oil then homogenized carefully, encapsulated
with glass like surface, dried as early stage
drying then dried again as later stage drying
and finally agglomerated in the final form of
product from specific plants or plant parts. The
concentration of cinnamaldehyde (2E)-3-
Phenylprop-2-enal is 4.5 %, while the Thymol
(2-isopropyl-5-methylphenal, IPMP)
concentration is 13.5%. The product is
provided in encapsulated powder form, it is a
thermo-stable product. The recommended dose
for broiler chickens is 100 g/MT feed.

The Antibiotic Growth Promoter (AGP)
provided by LINCOMIX 44 (Zoetis). It is a
broad-spectrum antibiotic used for poultry and
consists of Lincomycin hydrochloride. The
Lincomycin  concentration is 4.4% as
Lincomycin hydrochloride. The recommended
dose as a growth promoter in broiler chickens
is 50-100 g/ MT feed. This AGP was chosen
because it is widely used in Jordan broiler
farms as prophylactic and as AGP (Personal
communication).
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Table 1. Basal diets composition and nutrient.

Ingredients unit Starter Grower Finisher
(1-10d) (11-24 d) (25-42)
Corn' kg 579.5 616.7 666.5
Soybean Meal® kg 370 335 285
Soy oil kg 14 15 20
CaCOg; kg 14 14 13
Lysine Sulphate kg 3.1 2.3 2.3
MCP kg 7 55 5
Salt kg 2 2 2
Sodium Bicarbonate kg 1.5 15 15
Threonine kg 1.3 1 0.7
Methionine kg 35 3 0
L- Valine kg 0.1 0 0
Minerals & Vitamins kg 2 2 2
Choline Chloride 70% kg 0.4 0.4 0.4
Betaine HCI kg 0.3 0.3 0.3
Mycotoxin binder kg 1 1 1
Enzymes® kg 0.3 0.3 0.3
Total kg 1000 1000 1000
Calculated Analysis
Metabolizable Energy* Kcal/Kg 3,100.0 3,150.0 3,240.0
Crude Protein % 23 215 19.5
Crude Fat % 4.0 4.3 4.9
Crude Fiber % 2.65 2.64 2.6
Calcium % 1 0.95 0.9
Avi.Phosphorus % 0.48 0.435 0.395
Dig.Lysine % 1.28 1.15 1.03
Dig.Methionin +Cysteine % 0.95 0.87 0.8
Dig.Threionin % 0.86 0.77 0.69
Dig. Valine % 0.96 0.87 0.78
Sodium % 0.16 0.16 0.16
Chloride % 0.19 0.19 0.19
1 Crude protein 7.6%o, crude fat 3.5%, metabolizable energy 3377 kcal/kg
2 Crude protein 47.5%, crude fat 1.93%, metabolizable energy 2287 kcal/kg
3 Multiblend enzyme consist of amylase, xylanase, protease and phytase enzymes, 145 kcal/kg
4 Metabolizable energy calculated based on equations consider digestibility coefficient factors for each raw
material

Five samples of 200 g each, from each diet
type were collected and thoroughly mixed
(total=1000g) and sent to perform chemical
analysis of feed composition (Gross energy,
crude protein, amino acids profile, moisture,
ash, crude fat, starch, sugar, crude fiber,
phosphorus, calcium, and sodium). Feed
analyses was conducted at AL-Estesharia Lab.
A sub-sample of 200g sent to Danisco labs-
Germany for a recovery test of Bacillus
amyloliquefaciens and thymol-
cinnamaldehyde blend to ensure the
homogeneity of mixing before launching up
the trial. The experiment started upon
receiving homogeny approval from Danisco.
At the research center, one metric ton from
each diet produced firstly to flush out the
production lines then excluded to make sure
that production lines are clean of any previous

residues from other rations. Test products
weighed separately and added to feeds in
automated highly sensitive injectors. Three
commercial products were wused in this
experiment. The recommended dosage of these
products was according to the manufacturer.
The description of the three commercial
products were as the following: Bacillus
amyloliquefaciens Strains (Probiotics)
provided by Enviva® PRO (Danisco Animal
Nutrition, USA). It is a probiotic contains
three strains of Bacillus amyloliquefaciens
isolated from intestinal tracts of healthy
chickens: BS15AP4, BS8 and BS2084. It is
provided in powder form with a concentration
of 2.5x109 CFU/g, and it is a thermo-stable
product. The recommended dose for broiler
chickens is 60 g of the product/MT feed.
Essential Oils (EO) provided by Enviva® EO
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(Danisco Animal Nutrition, UK). It is a
combination of Cinnamaldehyde and Thymol
aromatic molecules that have been formed by
the carrier phase using maltodextrin gum
mixed with oil phase of cinnamaldehyde and
oil then homogenized carefully, encapsulated
with glass like surface, dried as early stage
drying then dried again as later stage drying
and finally agglomerated in the final form of
product from specific plants or plant parts. The
concentration of cinnamaldehyde (2E)-3-
Phenylprop-2-enal is 4.5 %, while the Thymol
(2-1sopropyl-5-methylphenol, IPMP)
concentration is 13.5%. The product is
provided in encapsulated powder form, it is a
thermo-stable product. The recommended dose
for broiler chickens is 100 g/MT feed. The
Antibiotic Growth Promoter (AGP) provided
by LINCOMIX 44 (Zoetis). It is a broad-
spectrum antibiotic used for poultry and
consists of Lincomycin hydrochloride. The
Lincomycin  concentration is 4.4% as
Lincomycin hydrochloride. The recommended
dose as a growth promoter in broiler chickens
is 50-100 g/ MT feed. This AGP was chosen
because it is widely used in Jordan broiler
farms as prophylactic and as AGP (Personal
communication).

Birds and Experimental Design

A commercial hatchery provided 2250 1-day-
old broiler chicks from Ross 308 strain. Chicks
are reared till 42 days of age in accordance
with standard management and practices
provided by the strain management guidelines.
Birds were reared on floor pens at a fully
closed poultry house equipped with full
automated systems installed specifically for
research purposes. The dimensions of the
house are 48 X 10 m. It is composed of 54
floor pens (1.7m X 1.64m), where each pen
can accommodate up to 50 broiler birds. Each
two adjacent pens are separated by a robust
heavy-duty plastic mesh with an ideal opening
size of 181 cm height to prevent birds from
escaping or mingling, especially at young
ages. This house heating is provided by an
autonomous infrared heating system that
maintains the proper temperature as needed. In
this housing, an autonomous negative pressure
system with the necessary sensors is built to
provide adequate ventilation that is consistent
with the age and weight of the birds. This
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house's precise environmental parameters
(temperature, ventilation, and air velocity) are
ensured by an automatic computerized control
panel. Feeding is controlled through manual
hanging circular feeders with adjustable height
to align age of birds. Similarly, automated
hanging nipple drinkers supply birds with
clean water in each pen. The rearing cycle was
divided into 3 stages: started with starter phase
at 0 days of age up to 14 days followed with
grower phase from 15 days up to 28 days and
ended up with finisher phase from 29 days to
42 days. According to Ross 308 strain
specifications, feed and water were supplied
ad libitum, with a lighting schedule includes
20 hours of light followed by 4 hours of
darkness. In a fully randomized design (CRD),
broiler chicks were randomly assigned to one
of four nutritional treatments, with nine
repetitions (pens) per treatment and 50 birds
each replication. There were 450 birds in each
treatment. The Probiotic, essential oils, and
AGP were added to the standard commercial
basal diets (BD) for broiler chickens to
formulate 5 dietary treatments (T) as the
following:

T1: Control diet; the regular commercial
broiler diets (Table 1).

T2: Control diet+ Lincomycin (100 g/ton;
recommended dosage), used as AGP.

T3: Control diet + Probiotics “Enviva® PRO”
(60 g/ton; recommended dosage).

T4: Control diet + Essential oils “Enviva®
EO” (100g/ton; recommended dosage).

T5: Control diet + Mixture of probiotics and
EO (same doses as in T3&T4).

Growth Performance Parameters

Average Body Weight

Birds were weighed at weekly basis and
overall period results recorded at 42 days of
age, all birds in each pen used for weighing
(the whole pen were taken), and then treatment
average body weight (BW) determined.

Feed Intake: Feed intake (FI) for each floor
pen was calculated in weekly basis and the
total consumed feed measured at 42 days of
age, then calculated as total amount of
provided feed for each pen each day dived by
total numbers of chicks.

Feed Conversion Ratio

Feed conversion ratio (FCR) was calculated at
weekly basis and total FCR at 42 of age
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recorded. It was calculated as the amount of FI
dived by average body weight gain
(differences between the current weight and
previous weight). FCR was corrected for
mortality in each pen by weighing the dead
bird and use below formula to calculate
estimated feed intake:

Estimated feed intake = FCR * Weight

To calculate BW gain the initial BW
subtracted from final BW. Feed intake was
calculated by subtracting estimated feed intake
for mortality and remined feed from the whole
quantity of feed offered to the birds. The FCR
was calculated weekly and as a total at the end
of the trial using data from FI and BW gain.
Mortality

On a pen-by-pen basis, all dead birds have
been recorded and weighed. In order to find
the reason, dead birds were necropsied.

Foot Pad Lesion Score (FBD). Two birds from
each floor were collected for foot and pad
lesion examination at day 28 of age. The
methodology for foot pad lesion scoring was
conducted according to (10) where: 0: No no
visible symptoms of FPD, and the skin of the
foot pad feels soft to the touch with no
swelling or necrosis; 1: shows slight redness to
the foot pad, and the pad textures look tougher
and denser than a non-affected foot, the central
part of the pad is higher, reticulate scales are
detached, besides presence of small black
necrotic areas; 2: shows visible lesions appear
on foot pad surface, obvious swelling
appearance of the foot pad, reticulate scales
are black in addition to forming scale shaped
necrotic areas.

Statistical Analysis

All statistical analysis was carried out using
the Statistical Analysis System (SAS Institute,
2010, Version 9.1.3) (45). The replicate was

considered as the experimental unit (pen) and
was analyzed using one-way ANOVA
implemented in the proc GLM method of SAS.
When P<0.05, differences were accepted as
statistically significant differences. Tukey’s
test used to split means for significant
interactions.

RESULTS AND DISCUSSION

Growth Performance Parameters

Tables 2 and 3 show the effect of various
treatments on growth performance parameters.
At DO, the initial body weight of chicks was
similar, no significant variation between
treatments (Table 2). The growth rate for the
birds in the different treatments followed the
normal pattern and was the same. The results
of final weight were the same with no
significant differences found in the treatments
compared to the control treatment (Table 2). In
addition, the results for average body weight
gain showed that there is no statistical
differences in the treatments relative to the
control treatment (Table 2). Recorded Feed
intake data did not show any significant
variation between groups as demonstrated
below in (Table 3). Likewise, the outcomes of
the calculated FCR demonstrated no
significant variances in the treatments when
compared to the control treatment (Table 3).
Recorded mortality % were within the normal
accepted values under large scall field trial in
jordan, no disease challenges observed during
the trial and no significant differences
recorded among groups (Table 3).

Footpad Lesions

Table 4 illustrates the impact of various
treatments on footpad lesion scores. The
results revealed that none of the treatments had
a significant impact on the foot pad lesions
scores in comparison with control diet.

Table 2. Effect of Different Treatments (T) on initial body weight, final body weight and
average body weight gain (Mean * standard deviation)

Treatment T1 T2 T3 T4 T5 P-Value
Initial by weight (g)  39.320.60 39.30.67 39.7+0.5 40+0.57 39.6+0.52 0.3235
'(:g')”a' body weight 2898+173 20644210  2807+143  2926+103  2904+227 0.388
Average body 2858+173 20254210  2767+143  2887+103 27864227 0.323
weight gain (g)

T1: Control diet (CD); the regular commercial broiler diets.

T2: CD + Lincomycin (100 g/ton; recommended dosage), used as AGP.
T3: CD + Probiotics “Enviva® PRO” (60 g/ton; recommended dosage).
T4: CD + Essential oils “Enviva® EO” (100g/ton; recommended dosage).
T5: CD + Mixture of probiotics and EO (60 g/ton and 100g/ton).
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Table 3. Effect of Different Treatments (T) on total feed intake, FCR and mortality % (Mean *
standard deviation)

Treatment T1 T2 T3 T4 T5 P-Value
g;ta' feedintake 500,157 4463+470  4168+160  4242+100 42504223  0.21
FCR 1.5+0.04 153+0.14  151+0.04 1.47+004  153+0.04  0.406
Mortality % 10.8+4.66 12.647.77 11.9+636  12+3.85 10.8+359  0.406

T1: Control diet (CD); the regular commercial broiler diets.

T2: CD + Lincomycin (100 g/ton; recommended dosage), used as AGP.
T3: CD + Probiotics “Enviva® PRO” (60 g/ton; recommended dosage).
T4: CD + Essential oils “Enviva® EO” (100g/ton; recommended dosage).
T5: CD + Mixture of probiotics and EO (60 g/ton and 100g/ton).

Table 4. Effect of Different Treatments (T) on foot pad lesion score (Mean + standard deviation)

Treatment T1 T2 T3 T4 T5 P-Value

Foot pad lesion score 0.56+0.51  0.44+0.51 0.39+0.50 0.44+0.51 0.57+0.51 0.791
T1: Control diet (CD); the regular commercial broiler diets.

T2: CD + Lincomycin (100 g/ton; recommended dosage), used as AGP.

T3: CD + Probiotics “Enviva® PRO” (60 g/ton; recommended dosage).

T4: CD + Essential oils “Enviva® EOQ” (100g/ton; recommended dosage).

T5: CD + Mixture of probiotics and EO (60 g/ton and 100g/ton).

The purpose of this study was to investigate if benefits of providing probiotics in broiler diets
three Bacillus amyloliquefaciens probiotic have been extensively investigated. Probiotics
strains and a thymol-cinnamaldehyde mix are known to combat harmful microorganisms
(EO) might improve broiler chicken in the digestive system of chickens (47)
performance and if the supplements could improve growth rate (3), enhance immune
possibly be used as an alternative to AGP. system (43) improve gut health by promote
During the trial period, no significant effect of beneficial microorganism and suppress the
the probiotic or EO on broiler chicken pathogenic once (52). Probiotics have been
performance parameters as body weight and/or known to improve gut health by promote
body weight gain or FCR was seen. relative to beneficial bacteria and suppressing pathogenic
the control treatment that had supplemented bacteria with create aggressive environment
with AGP. This results in consistence with for harmful bacterial through reducing pH;
results obtained by (8) in trial conducted to competing for nutrients, inhibit bacterial
evaluate adding probiotics, prebiotics and adherence and translocation and produce
synbiotics. The lack of the differences between antibacterial substances as bacteriocins (38,
broilers supplemented with probiotics and the 46). In addition, probiotics have been reported
control treatment (supplemented with AGP) to have a positive effect on footpad lesions in
indicating that broilers in T2 were able to get broiler chickens. Footpad lesions are a
the beneficial effects out of the probiotic and common welfare issue in broiler chickens, it
to successfully substitute the AGP. Under might be caused by different reasons such as
normal conditions (non-challenging poor litter quality, high ammonia levels, and
circumstances), the utilization of probiotic bacterial infections. The beneficial probiotics
strains and EO resulted in performance results effects such as improving gut health,
comparable to broiler chickens in the control increasing feed absorption and utilization in
treatments, with no significant differences the gut might help in reducing harmful
found. Probiotic supplementation has been bacterial and thus prevent or reduce the
suggested as an alternative to AGP in poultry incidence of footpad lesions. Our findings
diet due to their potential to improve indicated that probiotics supplementation in
performance and health (2,7). The potential broiler diets improved broilers growth
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parameters. Likewise, the results obtained by
EO supplementation were similar to what was
obtained by probiotics. (26) and (49) found a
significant positive effect of EO on FCR and
body weight gain of broiler chickens in
comparison with an unsupplemented control
group. Essential oils are aromatic compound
found in plants that are hydrophobic in nature.
They can either be naturally derived from
plants or created synthetically (31). It was
reported that EO have both preventative and
healing effects on necrotic enteritis in broiler
chickens (27), exerts a beneficial influence on
broilers growth, meat and carcass quality and
overall health (31), and improved FCR (42).
Similarly, it was found that using both
probiotics and EO in the broiler diets
improved the performance parameters during
the experimental period.

Conclusion

The results indicated that using probiotics, EO,
or their combination in broiler diets might be
one of the promising strategies that might be
applied in the field to stop using AGP without
any negative consequences. However, further
research is needed to examine the potential
advantages of these natural additives under
several environmental and management
circumstances.
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