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Abstract 
We used broiler chickens in our realized experiment. We monitored the effect of different portions of Cinnamomi 
aetheroleum on the colonization of broilers’ gastrointestinal tract. The samples of caecal chyme were taken within 
every group and following indicators were monitored: the number of CFU Enterococcus sp. and the number of CFU 
Lactobacillus sp. We determined, that the number of Enterococcus sp. was 6.70 log CFU/g at the 0.1% portionof 
Cinnamomi aetheroleum, 6.90 log CFU/g at the 0.05% portion of Cinnamomi aetheroleum and 6.74 log CFU/g at the 
0.025% portion of Cinnamomi aetheroleum. The number of Lactobacillus sp. was 6.76 log CFU/g at the 0.1% 
portion of Cinnamomi aetheroleum, 7.09 log CFU/g at the 0.05% portion of Cinnamomi aetheroleum and 6.61 log 
CFU/g at the 0.025% portion of Cinnamomi aetheroleum. The increase effect of the 0.05% portion of Cinnamomi 
aetheroleum was proved in relationship to the colonization by Lactobacillus sp. and Enterococcus sp. in 
gastrointestinal tract of broilers. 
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1. Introduction 
 
The use of all growth stimulating antibiotics      
for animals in European Union has been 
prohibited since 2006. The essential oils are an 
adequate alternative to the feed antibiotics. The 
interest in their use increased in recent years, 
because of increased consumer’s concerns as well 
as potentially harmful synthetic preparations. The 
significant characteristic of essential oils is their 
antimicrobial and antioxidant activity against wide 
scale on pathogens and their use is focused          
on intestinal system support by growth inhibition 
of unfavourable microbes. 
The ability of genes transmission resistant           
to antibiotics through commensal microflora       
of animals or through contaminated food was the 
reason for non-antibiotic alternative seeking. 
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Practical alternative to prophylactic use are 
phytogenic feed additives. Essential oils used as 
the antibiotics could have a positive effect on feed 
intake, body weight increase, nutritive utilization 
and improvement of intestinal microbial 
fermentation [1]. 
In recent years, the interest in medical and 
aromatic plants use increased, because products 
acquired from them are safe and without side 
effects [2]. 
Aromatic plants, such as cinnamon and thyme and 
essential oils acquired from these plants, were 
used as alternatives to antibiotics, which are 
important for their antimicrobial effects and 
stimulative effects on digestive system [3]. 
Supporting and medical effects of cinnamon are 
known for a long time [4]. 
Many publications document an antimicrobial 
activity of plant essential oils and plant extracts [5, 
6].  
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The maximal antifungal activity was shown at 
Cymbopogon martini, Cymbopogon citratus, 
Eucalyptus globulus, Cinnamomum zeylanicum 
[7]. 
Important information, found out by Bansod 
and Rai [2] was, that essential oil acquired from 
Cinnamomum zeylanicum showed strong 
fungicidal effects against Aspergillus niger and 
Aspergillus fumigatus. 
Antifungal effects of Cinnamomi aetheroleum 
acquired from bark are known, because of 
cinnamaldehyde presence [8].  
Cinnamon (Cinnamomum cassia) is known as a 
taste and digests stimulator. Cinnamomi 
aetheroleum is significant for its antimicrobial 
behaviour, which is related to cinnamaldehyde 
content, followed by eugenol and carvacrol 
content [9].  
Cinnamomi aetheroleum and compounds 
(cinnamaldehyde and eugenol) have antibacterial 
activity against wide scale of bacteria Escherichia 
coli, Pseudomonas aeruginosa, Enterococcus 
faecalis, Staphylococcus aureus, Staphylococcus 
epidermis, Salmonella sp. and Vibrio 
parahaemolyticus [10], have inhibitive behaviour 
against Aspergillus flavus [11] and antioxidant 
behaviour [12]. 
Essential oil from the bark of Cinnamomum 
zeylanicum is abundant in cinnamaldehyde with 
antimicrobial effects against animal and plant 
pathogens [13].  
The object of this study was to evaluate the results 
of an experiment with broiler chickens. We 
monitored the effect of different portions of 
Cinnamomi aetheroleum as an alternative to feed 
antibiotics. 
 
 
 
2. Materials and methods 
 
We used broiler chickens Ross 308 in our realized 
experiment, kept on deep litter on poultry farm, 
using the Liptaiová breeding technology [14].  
Table 1 showed the arrangement of experiment. 
The experiment lasted for 40 days and consisted 
of control and trial groups.   
Feed mixtures of the control group did not contain 
Cinnamomi aetheroleum. We used Cinnamomi 
aetheroleum premix in feed mixtures of trial 
groups. Essential oil is made of cinnamon bark 
(Cinnamomi cortex) of Ceylon cinnamon 

(Cinnamonum zeylonicum) of the insoluble part in 
alcohol, according to the procedure specified by 
the Slovak Pharmaceutical Code [15]. 
Characteristics and structure of Cinnamomi 
aetheroleum were found out by gas 
chromatography, Varian 3900 type of 
chromatograph, Saturn 2100T GC/MS. The type 
of used column was Factor four capillary column 
VF 5ms, the column length was 30 m and the 
column range was 0.25 mm. The quantity of liquid 
sample 10.0 μl was dosed through injector into the 
carrier gas flow (helium). The sample was heat up 
in injector and was moved together with carrier 
gas into the column. The mixture compounds 
separation was realized in the column according to 
the affinity of each compound to the stationary 
phase. First compound emerged from column had 
the lowest affinity (was held by stationary phase at 
least. Last compound emerged from column had 
the highest affinity to stationary phase (held in 
column at longest). The outcome of separated 
compounds was recorded by detector. Electric 
signal, which appeared from detector was 
processed and evaluated by software program MS 
– Work station toolbar (SP2) version 6.41. The 
final outcome was the chromatographic record 
(chromatogram), which contained peaks 
appertaining to each mixture compounds. The 
position of the peak on the time bar of the 
chromatogram (the x bar) is the quality criterion 
of the compound (compound identification), 
eugenol in our Cinnamomi aetheroleum sample. 
 
Antioxidant activity of Cinnamomi aetheroleum 
We prepared an elementary dilution: 5.0 g of 
homogenized sample at the temperature of 60°C. 
The extract was filled in to the volume of 50.0 ml 
with methanol after filtration. We determined an 
antioxidant activity in prepared extract. 
We used modified DPPH· method according to 
Brand-Williams et al. [16] and Sánchez-Moreno et 
al. [17]. The principle of the method is a reduction 
of fixed radical 2.2-diphenyl-1-pikrylhydrazyl 
(DPPH·) in dilution of methanol at antioxidants 
presence, which is expressed in absorbance 
decline at 515.6 nm. The decline was recorded in 
defined time periods, until the reaction balance 
was achieved by spectrophotometer Shimadzu 
1601 UV-VIS. The efficiency of Cinnamomi 
aetheroleum was calculated according to formula:  
 
% of inhibition = [(AC0 - AAt) / AC0].100 
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AC0 is a control absorbance in time t = 0 min 
(DPPH· dilution), 
AAt is an absorbance at antioxidant presence in 
time t min. 
 
We pipetted 3.9 ml DPPH· (0.025 g/dm3 2.2-
diphenyl-1-pikrylhydrazyl in methanol) into the 
measuring cuvette, deducted the value of 
absorbance (AC0) on UV/VIS spectrophotometer 
(UV-1601, Shimadzu, Tokyo, Japan).  
We added 0.1 ml of the sample and recorded the 
dependency (relation):       
A = f (t), at 515.6 nm.  
In the experiments, the following indicators were 
monitored: 
The number of CFU (colony forming units) 
Enterococcus sp. on Slanetz-Bartley agar after the 
incubation, which took from 48 to 72 hours at the 
temperature of 37˚C. The number of CFU 
Lactobacillus sp. on MRS agar after the 
incubation, which took from 48 to 72 hours at the 
temperature of 37˚C. We used the plate dilution 
method for results evaluation.  
 

Elementary dilution consists of: 1 g of chyme + 99 
ml of saline (0.85% NaCl) by decimal dilution 
system. Elementary dilution (10-1) was prepared 
by mixing 5 g of sample and 45 ml saline or 10 g 
of sample and 90 ml of normal saline. The 
elementary dilution was further prepared by 
decimal dilution system. Samples have finished 
vaccine, or embedded. We cultivated inoculated 
Petri dishes in an incubator bottom up. 
Temperature and time was adjusted according to 
the group of cultivated microorganisms. After the 
cultivation, we counted colonies on the dishes. To 
calculate CFU/g (Colony Forming Units), we used 
the following formula (which takes into account 
the bowls of two consecutive dilutions): 
N = ∑C / [(n1 + 0.1 n2). D];  ∑C - the sum of 
characteristic colonies on selected dishes n1 - 
number of dishes of 1 dilution used to calculate; 
n2 - number of dishes of 2 dilution used to 
calculate; d - dilution factor is identical to the 1st 
dilution used [18].  
For the inoculation we used dilutions 10-4, 10-5 
and 10-6. The results were evaluated according to 
basic statistical characteristics. 

Table 1. Scheme of experiment 
Type of   broilers    Feed mixture (Phase of feeding)    Group The experimental active substance in feed mixture   

Ross 308 
starter (day 1 - 18) 
grower (day 19 - 31)       
finisher (day 32 - 40)      

control 
trial 1 
trial 2 
trial 3 

- 
0.1% of Cinnamomi aetheroleum 
0.05% of Cinnamomi aetheroleum 
0.025% of Cinnamomi aetheroleum 

 
3. Results and discussion 

 
The most literary information is about biological 
activity of essential oils, about their antioxidant and 
antimicrobial behaviour [19, 20, 21, 22]. 
A lot of essential oils are known, but only few of 
them are effective against Gram-positive and 
Gram-negative microorganisms. Cinnamomi 
aetheroleum belongs in these kinds of essential 
oils [23, 24, 25]. 
The average number of Enterococcus sp. in caecal 
chyme of broiler chicken was 6.70 log CFU/g at 
the 0.1% portion of Cinnamomi aetheroleum, 6.90 
log CFU/g at the 0.05% portion of Cinnamomi 
aetheroleum and 6.74 log CFU/g at the 0.025% 
portion (Figure 1). The average number of 
Enterococcus sp. in caecal chyme of broiler 
chicken was 6.87 log CFU/g in the control group. 
The average number of Lactobacillus sp. in caecal 
chyme of broiler chicken was 6.76 log CFU/g at 
the 0.1% portion of Cinnamomi aetheroleum, 7.09 

log CFU/g at the 0.05% portion of Cinnamomi 
aetheroleum and 6.61 log CFU/g at the 0.025% 
portion. The average number of Lactobacillus sp. 
in caecal chyme of broiler chicken was 6.79 log 
CFU/g in the control group (Figure 2). 
Our results correspond with results of Jamroz et al. 
[26], who determined, based on the experiments, 
that essential oils used in feedstuff increased the 
number of Lactobacillus sp. in small intestine of 
broiler chicken. 
It is known, according to the information from 
available literary sources, that essential oils with 
antimicrobial behaviour against intestinal 
pathogens do not repress beneficial 
microorganisms such as Lactobacillus and 
Bifidobacterium [27]. It is confirmed by results 
about the number of Lactobacillus sp. a 
Enterococcus sp. within our experiment by the 
aplication of 0.05% portion of Cinnamomi 
aetheroleum into the feedstuff. Exact mechanism 
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of antimicrobial behaviour of essential oils is not 
examined enough. Some literary information 
indicates that their lipophile characteristics [28] 
and chemical structure [29] could have significant 
physiological function.  
Antimicrobial behaviour of essential oils is 
explained by Gabert a Sauer [30], Sikkema et al. 
[31], Roth a Kirchgessner [32] by the pervasion  

through bacterial ectoplasm, disintegration of 
membrane structures and by changes in 
permeability for H+ and K+ cations.   
Antimicrobial behaviour is also explained by 
Helander et al. [33] a Greathead [34] by lipophile 
characteristics of essential oils, which disintegrate  
bacterial ectoplasm structure and integrity through 
inactivation of extracellular enzyme. 

 
Figure 1. The number of Enterococcus sp. 

 

 
Figure 2. The number of Lactobacillus sp. 

 
According to Windisch et al. [22] a primary way of 
essential oils activity is a positive effect on 
gastrointestinal microflora ecosystem. Due to the 
bigger stabilization of intestinal microflora, broiler 
chicken are less exposed to ineligible microbial 

metabolites, so the conditions of intestinal chyme 
for nutrition availability and their utilization could 
be improved. As a result, a production of broiler 
chicken within their genetical potential could be 
improved. 
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4. Conclusions 
 
At the present time, there are a lot of proposals, 
scientific projects about natural based alternatives 
for feed antibiotics. Preservation of broiler 
chicken has an important position at animal origin 
foodstuff production. Nutritional values of 
chicken meat are the reason, which consumers are 
looking for, especially for its dietetic 
characteristics and high content of nutrition. 
According to mentioned before, we focused on 
Cinnamomi aetheroleum as an alternative to feed 
antibiotics. We monitored and evaluated different 
portions of Cinnamomi aetheroleum in feed 
mixtures, related to the colonization of intestinal 
microflora by Lactobacillus sp. and Enterococcus 
sp.  at broilers.  
We achieved the results, that the lowest number    
of Lactobacillus sp. in caecal chyme was 6.61 log 
CFU/g at the 0.1% portion of Cinnamomi 
aetheroleum, the highest number of 7.09 log 
CFU/g was at the 0.05% portion of Cinnamomi 
aetheroleum and 6.79 log CFU/g in the control 
group. The lowest number of Enterococcus sp. in 
caecal chyme was 6.74 log CFU/g at the 0.1% 
portion of Cinnamomi aetheroleum, the highest 
number of 6.90 log CFU/g was at the 0.05% 
portion of Cinnamomi aetheroleum and 6.87 log 
CFU/g in the control group. Based on our 
experiment, we can allege, that the 0.05 % portion 
of Cinnamomi aetheroleum had a positive effect 
on gastrointestinal microflora ecosystem 
Lactobacillus sp. and Enterococcus sp. at broilers.  
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