Journal of Microbiology,
Biotechnology and Arpdsovd et al. 2013 : 2 (Special issue 1) 1092-1106
Food Sciences

REGULAR ARTICLE

EFFECT OF THYME ESSENTIAL OIL ADDITION ON PHYSICAL AND
MICROBIOLOGICAL QUALITY OF TABLE EGGS

. ’ sl . v ,2 vivrr3 . 4
Henrieta Arpasova™', Miroslava Kacaniova®, Peter Hascik’, Martin Mellen

Address: 'Department of Poultry and Small Animal Husbandry, Faculty of Agrobiology and
Food Resources, Slovak University of Agriculture, Tr. A. Hlinku 2, 949 76 Nitra, Slovak
Republic.

*Department of Microbiology, Faculty of Biotechnology and Food Sciences, Slovak
University of Agriculture, Tr. A. Hlinku 2, 949 76 Nitra, Slovak Republic.
’Department of Animal Products Evaluation and Processing, Faculty of Biotechnology and
Food Sciences, Slovak University of Agriculture, Tr. A. Hlinku 2, 949 76 Nitra, Slovak
Republic.

*Faculty of Biotechnology and Food Sciences, Slovak University of Agriculture, Tr. A.
Hlinku 2, 949 76 Nitra, Slovak Republic.

*Corresponding author: henrieta.arpasova@uniag.sk

ABSTRACT

Essential oils are intensive fragrant, oily liquid substances contained in different parts
of the plant. Their function is based on organoleptic effect and stimulation of organism to the
production of digestive juices. Result is a higher digestibility and absorption of nutirents.
Besides antibacterial properties, essential oils or their components have been shown to exhibit
antiviral, antimycotic, antitoxigenic, antiparasitic, and insecticidal properties. In this
experiment the effects of supplementation of the diet for laying hens with thyme essential oils
on physical and microbiological egg parameters were studied. Hens of laying hybrid Hy-Line
Brown (n=30) were randomly divided into 3 groups (n=10) and fed for 23 weeks on diets with
thyme essential oil supplemented. In the first experimental group the feed mixture was
supplemented with thyme essential oil addition in a dose 0.5 g/kg, in the second one some

essential oil in a dose 1g/kg. The results suggest that all of qualitative parameters of egg
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internal content (yolk weight (g), yolk index, percentage portion egg yolk (%), yolk index,
yolk colour (°HLR), albumen weight (g), percentage portion of albumen (%), Haugh Units
(HU), albumen index) were with thyme essential oil addition insignificantly influenced
(P>0.05). The number of coliforms, enterococci, fungi and yeasts decreased with increasing

dose of oil. The number of lactobacilli was zero in all groups.
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INTRODUCTION

Phytobiotics is a term used to describe the natural bioactive substances of plant origin,
which affect the growth and health of the animal. They are often applied in the form of
essential oils and plant extracts (Friedman, 2007).

Herbal plants, are a new class of growth promoters and in recent years this feed
additives have gained extensive attention in the feed industry. They are a wide variety of
herbs, spices, and products derived thereof, and are mainly essential oils. Although numerous
reports have demonstrated antioxidative and antimicrobial and immune stimulation efficacy in
vitro, respective experimental in vivo evidence is still quite limited. A limited number of
experimental comparisons of herbal plants feed additives with antibiotics or organic acid have
suggested similar effects on the animal gut microflora. Gut microflora has significant effects
on host nutrition, health, and growth performance by interacting with nutrient utilization and
the development of gut system of the host. In addition, some phytogenic compounds seem to
promote intestinal mucus production. However, the future of using herbs in animal feeding
will in great measure depend on the knowledge of chemical structure, their value and
characteristics of practical herbs or their extract on physiological needs and well-being of
animals, and, above all on consumer's preferences and expectations (Hashemi and Davoodi,
2011). According to the EU directive relating to feed, they are a group of very aromatic and
flavor compounds (Recoquillay, 2006). Phytobiotics have the ability to influence important
physiological processes in the animal organism. They may affect the intensification of pulses
sent through taste and smell to the central nervous system (Gunther, 1990).

Based on the results of the work of several authors, essential oils in poultry affect feed

intake, weight gain, nutrient utilization (Amrik and Bilkei, 2004), egg weight (Abd El-
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Motaal et al. (2008), egg production, body weight of laying hens (Yannakopoulos ef al.,
2005; Suchy et al., 2010; Arpasova, 2011), and feed intake (Angelovifova et al., 2010).

Microbiological quality may be determined through reactions between indicators
included within the package and metabolites which are produced during microbial growth
(Pavelkova, 2012). Shelf life of foods is dependent on many factors, internal as pH, water
activity, nutrient content, occurrence of antimicrobial agents, redox potential, properties of
biological structures, such as temperature and external storage, relative humidity, atmospheric
composition. These factors have a direct effect on the chemical, biochemical, physical and
microbiological spoilage mechanisms of individual foods and their durability (Pavelkova and
Flimelova, 2012).

Numerous studies have been conducted to evaluate the bacterial contamination of shell
eggs during production and processing by sampling eggs, equipment, feed and the hens’
reproduction tracts (Jones et al, 2003). For obvious reasons, the majority of these studies
were focused on incidence or levels of Sal/monella, although a few reports have addressed
other pathogenic microorganisms and spoilage bacteria. The aerobic plate counts from egg
rinses decreased by 2.9 and 1.5 log cfu.ml™ for in-line and off-line eggs, 10 respectively when
counts on eggs at the transfer belt were compared to counts on eggs after washing. While
these studies and others have provided critical information regarding direct product
contamination, little attention has been given to the areas of indirect product contamination
Knape et al. (2002).

The aim of this work was to observe the influence of thyme essential oil addition on
qualitative parameters of yolk and albumen of laying hens eggs of hybrid Hy-Line Brown in
pilot system. The microbiological indicators monitored count of coliforms bacteria, count of
Enterococcus, Lactobacillus, total count of microorganisms, count of microscopic fungi and

yeasts.
MATERIAL AND METHODS
Animals, diets and treatments
Hens (n=30) of the laying hybrid Hy-Line Brown, 17 weeks old, were randomly
divided into 3 groups (n=10) and fed for 23 weeks with diet containing of different amounts

of thyme essential oils. At the beginning of the experiment, the hens were kept in the three —

deck cage technology system, model AGK 2000/616. The technology system was in
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accordance with requirements specified by the Directive 1999/74 EC. The useful area
provided for one laying hen presented 943.2 cm’. Each cage was equipped with four nipple
drinkers; accession to feed mixture was ad libitum. Equipment of cage consisted of roosts,
place for rooting in ashes — synthetic grass, nest and equipment for shortening of clutches.
The layer hens were kept by the standard bioclimatic conditions.

The composition of the basal diet (BD) fed to the laying hens is shown in Tab. 1 and Tab. 2.
Analysis of feed mixture was realized at the Department of Animal Nutrition of the SUA in

Nitra.

Table 1 Composition of the trial diets

Component Participation in the Diet (%)
Wheat 26.30
Rye 15.00
Barley 20.00
Soybean meal (47% crude protein) 22.00
Soybean oil 2.50
Fat 2.00
Monocalcium phosphate 1.70
Calcium carbonate 9.14
Natrium chloride (38 % Na) 0.30
Sodium bicarbonate (28 % Na) 0.10
Methionin (99 % DL-Methionin) 0.16
Vitamin Premix 0.40
Mineral Premix 0.10
Choline chloride 0.20
Caroten premix 0.10

Table 2 Nutrient content in the trial diets

Nutrient Nutrient Content in Mixture
MEN (MJ kg" of DM) 11,5
CP (gkg"' of DM) 177
LYS (gkg” of DM) 8,81
MET (gkg” of DM) 4,17
M+ C (gkg"' of DM) 7,41
THR (gkg" of DM) 6,27
LA (gkg' of DM) 19,0
Ca(gkg' of DM) 39,1
Pavail. (g.kg” of DM) 3.8
Na (gkg” of DM) 1,5

* MEN = metabolisable energy for poultry, CP = crude protein, LYS = lysine, MET = methionine,
M+C = methionine plus cysteine, THR = threonine, LA = linoleic acid, Ca = calcium, Pavail. = available

phosphorus, N = natrium
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In the control group hens received feed mixture with any additions. The diets in the
first, and the second experimental groups were supplemented with 0.5 and 1 g/kg oregano
essential oil (Calendula a.s. Nova Cubovinia, SR). Laying hens accepted fodder ad libitum.
Essential oils used in the experiment were in the feed mixture homogeneously incorporated in

the feed mill.
Sample Analysis

Eggs of laying hens of Hy-Line Brown strain were collected regularly once a month
(n= 30 per group) and were assessed immediately after collection. The egg weight (g), egg
yolk weight (g), egg yolk index, egg yolk color ("HLR), albumen weight (g), egg albumen
index and Haugh units (HU) were evaluated. All these parameters were detected using routine
methods. Weight parameters were detected using analytical weighting machine and the
growth intensity and percentage contents were calculated from obtained data. Indexes were
calculated as the lenght : width ratio. Haught units detected egg quality as relation of albumen
weight and egg weight [100 log.(dense albumen height — 1.7x egg weight’?” + 7.6)]. Yolk

color was evaluated using Hoffman la Roche color scale (Hoffman-La Roche, Switzerland).
Microbiological indexes
Determination of cfu counts in egg

Plate diluting method was applied for quantitative cfu counts determination of
respective groups of microorganisms in 1g of substrate. Nutrient medium in Petri dishes was
inoculated with 1ml of egg samples on surface in three replications. Homogenized samples of
eggs were prepared in advance by sequential diluting based on decimal dilution system
application. Stock suspension (10™) was prepared as follows: 5 g of egg content was added to

the test tube containing 45 ml of distilled water.
Media and culture conditions
The number of coliforms bacteria were grown in Violet red bile agar (aerobiosis), at

37 °C during 24 hours. Enterococci were grown in Slanetz-Bartley agar (aerobiosis), at 37 °C

during 48 hours. Lactobacilli were grown in Rogosa agar (microaerophillia), at 37 °C during
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72 hours. The total number of bacteria were grown in PDA agar (aerobiosis), at 30 °C during
48 hours. The composition of these nutritive substrates was according to the directions for use
declared by the producer (Biomark laboratories). Bacteria were determined according to Holt
et al. (1994). For determinations of fungal colony-forming units (cfu) 5g samples of egg were
soaked in 45 ml sterile tap-water containing 0.02% Tween 80 and then 30 min shaked.
Dilutions (from 10™ to 10”) in sterile tap-water with 0.02% Tween 80 were prepared and
1-ml aliquots were inoculated on each of three plates of Czapek-Dox agar with streptomycin
(to inhibit the bacterial growth). Petri dishes were inoculated using the spread-plate technique
and incubated at 25 °C. Total fungal cfu/g counts in samples were determined after 5 days of

mncubation.

Statistical analysis

Statistical analysis was done using one—way analysis of variance (ANOV A) with the post hoc

Tukey’s multiple comparison test.

RESULTS AND DISCUSSION

The average egg weight and yolk quality parameters in each group for the monitored
laying period reflects table 3. Changes in parameters of egg albumen quality due to addition
of additives during the laying period provides table 4. Microbiological quality of eggs is given
in Table 5.

With increasing dose of thyme oil in experimental groups was slightly decreased egg
weight (P>0.05). The values in order of the groups 59.85, 59.48 and 59.23 g. Our results do
not agree with the results of Boliikbasi ez al. (2008), who found a positive effect of the
addition of thyme oil on egg weight. Boliikbasi and Erhan (2007), or Suchy ez al. (2010)
after the addition of the premix herbs recorded in accordance with our results insignificant
effect on egg weight.

Regarding the impact of thyme oil addition in the feed mixture of laying hens,
observed yolk weight was higher in the control group, the difference was statistically
insignificant (P>0.05). The values in the experimental groups with thyme oil were in the
order of groups 16.60, 16.35 and 16.20 g. Difference was higher between the second
experimental group with the addition of thyme oil at 1 g/kg (P <0.05) compared to the control
group (P<0.05).
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Table 3 Influence of thyme essential oil addition into laying hens feed mixture on the

alterations of Hy-Line Brown laying hen’s egg weight and egg yolk quality

BD BD + thyme BD + thyme
Group control group essential oil essential oil
0.5 g/kg 1 glkg
Egg weight (g)
mean 59.85 59.48 59.23
SD 3.91 3.77 3.97
CV (%) 6.55 6.34 6.70
P value 0.4740 0.4082
Egg yolk weight (g)
mean 16.60 16.35 16.20
SD 1.54 1.44 1.52
CV (%) 13.10 8.80 9.40
P value 0.2067 0.0736
Percentage portion of egg yolk (%)
mean 27.73 27.48 27.31
SD 2.03 2.54 1.99
CV (%) 7.31 9.21 7.29
P value 0.1761 0.1289
Egg yolk index
mean 47.60 47.23 48.28
SD 3.39 3.66 3.56
CV (%) 7.12 7.74 7.38
P value 0.3530 0.0509
Egg yolk color ("HLR)

mean 6.51 6.48 6.46
SD 0.52 0.50 0.57
CV (%) 7.98 7.73 8.82
P value 0.1944 0.1277

n=180; Significant difference (P<0.05); °HLR — colored Hoffman La Roche scale; SD = standard deviation; CV

= coefficient of variation

Similarly in percentage yolk portion was found a higher value in the control group
compared to the experimental groups with different doses of essential oil (P>0.05). Boliikbasi
and Erhan (2007) reported a statistically significant lower proportion of yolk in the group
with the addition of thyme in 1% concentration compared with eggs from hens of the control
group and experimental groups containing 0.1 and 0.5% concentration of thyme. Addition of

1.0% thyme, rosemary, oregano or 0.5% curcuma longa increased egg production, egg mass
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and improved feed conversion. Addition of 1.0% curcuma longa increased percentage of yolk
weight compared to control group in the experiment of Radwan et al. (2008).

In our experiment, yolk index was the highest in the experimental group with thyme
oil supplement at a dose of 1 g/kg feed (P>0.05). Insignificant differences in the albumen
index and yolk index of eggs from hens fed a meal containing a mixture of green tea recorded
also Uuganbayar et al. (2006). Similarly in experiments of Aydin et al. (2006) with the
addition of Nigella sativa, Yalcin et al. (2006), and Canogullari ef al. (2009) with the
addition of garlic meal yolk index was not significantly affected.

In assessing the yolk color among the groups indistinctive differences were observed,
shades of yellow color on the color scale Hoffman La Roche for the addition of thyme oil
were in the normal range. Similarly, in the experiment of Liu ef al. (2009), yolk color was not
affected by supplementation of thyme. Radwan ef al. (2008) indicated a significant increase

in yolk color but with the addition of turmeric.

Table 4 Influence of thyme essential oil addition on laying hens feed mixture on the

alterations of Hy-Line Brown laying hen’s egg albumen quality

BD - BD + thyme essential BD + thyme
Group control group oil essential oil
0.5 g/kg 1 g/lkg
Egg albumen weight (g)
mean 37.96 37.48 38.25
SD 4.09 4.01 4.97
CV (%) 10.77 10.69 10.65
P value 0.5585 0.4728
Percentage portion of egg albumen (%)
mean 63.81 63.01 63.37
SD 6.77 4.80 6.18
CV (%) 10.60 7.57 9.75
P value 0.2931 0.5151
Egg albumen index
mean 84.00 82.21 82.64
SD 16.01 16.09 16.96
CV (%) 19.08 19.58 20.52
P value 0.2573 0.2512
Haugh Units (HU)

mean 79.87 80.46 79.85
SD 7.22 7.62 7.76
CV (%) 9.04 10.48 9.76
P value 0.9845 0.9756

n=180; Significant difference (P<0.05); SD = standard deviation; CV = coefficient of variation
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Weight differences of albumen detected in our experiment between experimental
groups with thyme supplementation compared to the control group were insignificant. The
values of egg albumen weight were in the order of groups 37.96, 37.48 and 38.25 g.

The values of the percentage of albumen found among the groups were balanced,
slightly lower values were in the experimental group compared to the control group (P>0.05)
(values in the order of groups 63.8, 63.0 and 63.4%). Similarly, Basmacioglu et al. (2003)
recorded a significant impact of adding of flax seed to feed on the percentage of albumen.
Relative albumen weight significantly decreased in response to essential oil mixture or

mannan-oligosaccharide supplementation in the experiment of Bozkurt ez al. (2012).

Table S Influence of thyme essential oil addition into laying hens on the alterations of ISA

Brown laying hen’s egg microbiological quality

Experimental Group of microorganisms
group CB TNC E L MF Y
The number of different groups of microorganisms at the beginning of the laying (cfu/g)
2.86x10"  2.95x10>  1.00x10' <10 <10 1.82x10!
BD control
group <10 2.32x10°  1.50x10' <10 1.82x10"  2.73x10'
7.00x10"  1.30x10°  1.50x10" <10 <10 2.73x10!
BD + thyme <10 3.81x10' <10 <10 <10 <10
essential oil <10 1.82x10! <10 <10 1.00x10"  1.82x10"
0.5 g/kg <10 5.91x10' <10 <10 1.00x10" <10
BD + thyme <10 3.81x10' <10 <10 <10 <10
essential oil <10 3.18x10>  1.82x10! <10 <10 1.27x10?
1 glkg <10 7.91x102 <10 <10 <10 3.18x10"
The number of different groups of microorganisms at the end of the laying period (log cfu/g)
<10 5.71x10>  2.86x10! <10 <10 <10
BD control ] 5 5
aroup 2.00x10"  2.18x10 1.18x10 <10 <10 <10
<10 3.45.10°  1.23x10? <10 1.00x10' <10
BD + thyme <10 1.00x10" <10 <10 <10 <10
essential oil <10 1.00x10" <10 <10 <10 <10
0.5 g/kg <10 1.23x10>  1.50x10" <10 <10 <10
BD + thyme <10 2.73x10"  8.32x10' <10 <10 <10
essential oil <10 4.09x10"  3.00x10" <10 <10 <10
1 g/kg <10 5.91x10"  2.73x10! <10 <10 1.00x10'

CB = Count of coliforms bacteria (cfu/g), TNC = total number count (cfu/g), E = Count of enterococci (cfu/g), L
= Number of lactobacilli (cfu/g), MF = Count of microscopic fungi (cfu/g), Y = yeasts (cfu/g)
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Values of albumen index in test groups with thyme were not significantly lower than
in the control group (P>0.05). The average values of egg albumen index: 84.00, 82.21, 82.64.
Yalcin et al. (2007) found an insignificant effect on egg production, shell quality, and egg
albumen index after the addition of garlic meal. A statistically significant difference was
found in the index of the albumen, when using addition of flour garlic in doses of 0.5, 1 and
2%, indicated Canogullari ef al. (2009).

In the first and second experimental group with the addition of thyme oil were Haugh
units of albumen very similar to the value in the control group (79.87, 80.46 and 79.85 HJ).
Botsoglou ef al. (2005), or Liu et al. (2009) reported in accordance with our findings
statistically insignificant differences in this indicator. Yalcin ef al. (2006), Uuganbayar ef al.
(2006), or Canogullari ef al. (2009) found significant differences by adding of garlic powder.
Hosseini ez al. (2008) presented the lowest Haugh units and shell thickness at 10% addition of
saffron seeds, but the differences were not statistically significant. The addition of 3 ml/kg oil
of Nigella sativa in the feed of laying hens significantly reduced Haugh Units of albumen in
the experiment of Boliikbasi ez al. (2009).

The number of microorganisms in eggs at the beginning and end of the laying is
shown in the table 5. The highest count of coliforms bacteria at the beginning of the
laying was determined in control group and the lowest count of coliforms bacteria was found
in both experimental groups with thyme essential oil. The number of enterococci ranged from
<10 cfu/g in group with thyme essential oil 0.5 g/kg to 1.82x10" cfu/g in group with thyme
essential oil 1g/kg. The number of lactobacilli were <10 in all experimental group. The
highest total number of microorganisms was found in control group (1.30x10%) and the lowest
count was in group with thyme essential oil (1.82x10"). Number of microscopic fungi ranged
from <10 cfu/g in group with thyme essential oil to 1.82x10" cfu/g in control group. Number
of yeasts ranged from <10 cfu/g in group with thyme essential oil 0.5 g/kg to 3.18x10' cfu/g
in thyme essential oil 1 g/kg.

The highest count of coliforms bacteria at the end of the laying was determined in
control group and the lowest count of coliforms bacteria was found in both experimental
group with thyme essential oil. The number of enterococci ranged from <10 cfu/g” in group
with thyme essential oil 0.5 g/kg to 1.23x10? cfu/g in control group. The number of
lactobacilli were <10 in all experimental group. The highest total number of microorganisms
was found in control group (5.71x10?) and the lowest count was in group with thyme essential
oil 0.5 g/kg (1.00x10"). Number of microscopic fungi ranged from <10 cfu/g in group with

thyme essential oil to 1.00x10' cfu/g in control group. Number of yeasts ranged from <10
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cfu/g in group with thyme essential oil 0.5 g/kg to 1.00x10' cfu/g in thyme essential oil 1
g/kg.

Kacaniova et al. (2007) in their study found, that microbiological quality of eggs from
ecological breeding had zero number of coliforms bacteria, Escherichia coli, enterococci,
lactobacilli and microscopic fungi. The total number of microorganisms ranged from 1.30 to
2.55 log cfu.g”. The average of total bacterial number of eggs in samples from organic
farming was 2.00 log cfu.g™. The number of mesophilic acrobic sporulated microorganisms in
samples of eggs ranged from 1.11 to 2.67 log cfu.g”. The average number of sporulated

aerobic mesophilic microorganisms in samples of eggs was 1.92 log cfu.g™.

CONCLUSION

In this experiment the effects of supplementation of the diet for laying hens with
thyme essential oils on egg weight, egg albumen and egg yolk quality were studied. This
study was intended to determine microbiological quality of eggs after essential oil application
into the feed as well. The egg weight, yolk weight, yolk percentage portion, yolk index, yolk
colour, albumen weight, albumen percentage portion, albumen index and Haugh Units were
affected statistically insignificantly after thyme essential oils application (P>0.05). The yolk
index was affected most favourably. The number of coliforms, enterococci, fungi and yeasts

decreased with increasing dose of oil. The number of lactobacilli was zero in all groups.
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REFERENCE

ABD, E. L. - MOTAAL, A. M. - AHMED, A. M. H. - BAHAKAIM, A. S. A. - FATHI, M.
M. 2008. Productive Performance and Immunocompetence of Commercial Laying Hens
Given Diets Supplemeted with Eucalyptus. In International Journal of Poultry Science, vol.
7, 2008, no. 5, p. 445-449.

AMRIK, B. - BILKEI, G. 2004. Influence of farm application of oregano on performances of
sows. In Canadian Veterinary Journal-Revue Veterinaire Canadienne, vol. 45, 2004, p. 674-

677.

1102




JMBFS / Arpdsovd et al. 2013 : 2 (Special issue 1) 1092-1106

ANGELOVICOVA, M. - KACANIOVA, M. - ANGELOVIC, M. — LOPASOVSKY, L.
2010. Per os use of Thymi aetheroleum for growth performance of the broiler chickens. In
Potravindarstvo, vol. 4, 2010, special no. p. 127-132.

ANTHONY, J. - FYFE, L. - SMITH, H. 2005. Plant active components - a resource for
antiparasitic agents? In Trends in Parasitology, vol. 21, 2005, no. 10, p. 462-468.

AYDIN, R. - BAL, A. M. - OZUGUR, K. A. - TOPRAK, C. H. H. - KAMALAK, A. -
KARAMAN, M. 2006. Effects of black ssed (Nigella sativa L.) supplementation on feed
efficiency, egg yield parameters and Shell Quality in Chickens. In Pakistan Journal of
Biological Sciences, vol. 9, 2006, no. 2, p. 243-247.

BASMACIOGLU, H. - CABUK, M. - UNAL, K. - OZKAN, K. - AKKAN, S. -
YALCIN, H. 2003. Effects of dietary fish oil and flax seed on cholesterol and fatty acid
composition of egg yolk and blood parameters of laying hens. In South African Journal of
Animal Science, vol. 33, 2003, no. 4, p. 266-273. ISSN 0375-1589.

BLONSKA, M.- BRONIKOWSKA, J. - PRETSZ, G. - CZUBA, Z.P. - SCHELLER, S. -
KROL, W. 2004. Effects of ethanol extract of propolis (EEP) and flavones on inducible gene
expression in J774a, 1 makrophages. In Journal of Ethnopharmacology, vol. 91, 2004, no. 1,
p. 25-30.

BOLUKBASI, S. C. - ERHAN, M. K. - KAYNAR, O. 2008. The effect of feeding thyme,
sage and rosemary oil on laying hen performance, cholesterol and some proteins ratio of egg
yolk and Escherischia coli count in feces. In Archiv fiir Gefliigelkunde, vol. 72, 2008, no. 5, p.
231-237.

BOLUKBASI, S. C. - ERHAN, M. K. 2007. Effect of Dietary Thyme (Thymus vulgaris) on
Laying Hens Performance and Escherichia coli Concentration in Feces. In. International
Journal of Natural and Engineering Sciences, vol. 1, 2007, no. 2, p. 55-58. ISSN 1107-1149.
BOLUKBASI, S. C. - KAYNAR, O. - ERHAN, M. K. - URUPAN, H. 2009. Effect of
feeding Nigella sativa oil on laying hen performance, cholesterol and some proteins ratio of
egg yolk and Escherichia coli count in feces. In Archiv fiir Gefliigelkunde, vol. 73, 2009, no.
3, p. 167-172.

BOTSOGLOU, N. - FLOROU-PANERI, P. - BOTSOGLOU, E. - DOTAS, V. -
GIANNENAS, I. - KOIDIS, A. - MITRAKOS, P. 2005. The effect of feeding rosemary,
oregano, saffron and alpha-tocopheryl acetate on hen performance and oxidative stability of
eggs. In South African Journal of Animal Science, vol.35, 2005, no. 3, p. 143-151.
BOZKURT, M. - KUCUKYILMAZ, K. — CATLI, A.U. — CINAR, M. — BINTAS, E. —
COVEN, F. 2012. Performance, egg quality, and immune response of laying hens fed diets

1103




JMBFS / Arpdsovd et al. 2013 : 2 (Special issue 1) 1092-1106

supplemented with mannan-oligosaccharide or an essential oil mixture under moderate and
hot environmental condi. In Poultry Science, vol. 91, 2012, no. 6, p. 1379-1386.
CANOGULLARI, S. - KARAMAN, M. - ERDOGAN, Z. - BAYLAN, M. - KUCUKGUL,
A. - DUZGUNER, V. - KEMALI OZUGUR, A. 2009. Effect of garlic powder on egg yolk
and serum cholesterol and performance of laying hens. In Bulletin of the Veterinary Institute
in Pulawy, vol.53, 2009, no. 3, p. 515-519.

COPUR, G. - ARSLAN, M. - DURU, M. - BAYLAN, M. - CANOGULLARI, S. - AKSAN,
E. 2010. Use of oregano (Origanum onites L.) essential oil as hatching egg disinfectant. In
African Journal of Biotechnology, vol. 9, 2010, no. 17, p. 2531-2538.

DAWSON, R. C. - COX, J. M. - ALMOND, A. - MOSES, A. 2001. Food Safety Risk
Management in Different Egg production System. Kingstone : Rural Industries Research and
Development Corporation, 50 p., ISBN 0 6242 58333 1.

EDEMA, M.O. - ATAYESE, A. O. 2006. Bacteriological Quality of Cracked Eggs Sold for
Consumption in Abeokuta, Nigeria. In International Journal of Poultry Science, vol. 5, 2006,
no. 8, p. 772-775.

ERTAS, O. N. - GULLER, T. - CIFTCIL, M. - DALKLIC, B. - SIMSWEK, G. 2005. The
effect of an essential oil mix derived from oregano, clove and anise on broiler performance. In
International Journal of Poultry Science, vol. 11, 2005, no. 4, p. 879-884.

FLETCHER, J. C. - HARGREAVES RILEY, M. J. 2001. Essential oil composition. United
States Patent 6280751.

FRIEDMAN, M. 2007. Overview of antibacterial, antitoxin, antiviral, and antifungal
activities of tea flavonoids and teas. In Molecular Nutrition and Food Research, vol. 51,
2007, no.1, p. 116-134.

GUNTHER, K. D. 1990. Gewiirzstoffe konnen di Leistung erhohen. In Kraftfutter, vol. 73,
1990, p. 469-474.

HASHEMI, S. R - DAVOODI, H. 2010. Phytogenics as New Class of Feed Additive in
Poultry Industry. In Journal of Animal and Veterinary Advances, vol. 9, 2010, no. 17, p.
2295-2304.

JONES, D. R. - NORTHCUTT, J. K. - MUSGROVE, M. T. - CURTIS, P. A. - ANDERSON,
K. E. - FLETCHER, D. L. - COX, N. A. 2003. Survey of shell egg processing plant sanitation
programs: Effects on egg contact surfaces. In Journal of Food Protection, vol. 66, 2003, no.

8, p. 1486-1489. ISSN 0362-028X.

1104




JMBFS / Arpdsovd et al. 2013 : 2 (Special issue 1) 1092-1106

KACANIOVA, M. - BOBCEK, R. - KMET, V. - ANGELOVICOVA, M. 2005. Kfmne
doplnky ako nahrada antibiotik a d’alSie aplikacie. Nitra : SPU, 2005, 78 p. ISBN 80-8069-
589-X.

KACANIOVA, M. - CUBON, J. - HASCIK, P. - PAVLICOVA, S. - PETROVA, J. -
SUDZINOVA, J. - SUDZINA, M. 2006. Vplyv chovu nosnic na mikrobiologicku kvalitu
vajec. In Bezpecnost a kvalita surovin a potravin. Zbornik vedeckych prac z II. vedeckej
konferencie s medzinarodnou ucastou, Nitra, 9. november 2006, s. 217-222. ISBN 88069-
767-1

KACANIOVA, M. - FIKSELOVA, M. - PAVLICOVA, S. - SUDZINA, M. - SUDZINOVA,
J. - HASCIK, P. 2007. Rody Sporolactobacillus, Bacillus a Brevibacillus pouzivané ako
probiotika. In Agromagazin, vol. 8, 2007, no. 10, p. 34-35.

KNAPE, K. D. - CHAVES, C. - BURGESS, R. P. - COUFAL, S. D. - CAREY, J. B. 2002.
Comparison of eggshell surface microbial populations for in-line and off-line commercial egg
processing facilities. In Poultry Science vol. 81, 2002, no. 5, p. 95-698.

LIU, X. D. - JANG, A. - LEE, B. D. - LEE, S. K. - LEE, M. - JO, C. 2009. Effect of Dietary
Inclusion of Medicinal Herb Extract Mix in a Poultry Ration on the Physico-chemical Quality
and Oxidative Stability of Eggs. In Asian-Australasian Journal of Animal Sciences , vol. 22,
2009, no. 3, p. 421-427.

PANDA, A. - RAMA, R. S. - RAJU, M. 2009. Phytobiotics, a natural growth promoter. In
Poultry international, 2009, no. 7, p. 10-11.

PAVELKOVA, A. 2012. Intelligent packaging as device for monitoring of risk factors in
food. In Journal of microbiology, biotechnology and food sciences, vol. 2, 2012, no. 1, p.
282-292.

PAVELKOVA, A. - FLIMELOVA, E. 2012. Active packaging system for meat and meat
products. In Potravinarstvo, vol. 6, 2012, no. 3, p. 21-27.

RADWAN NADIA, L. - HASSAN, R. A. - QOTA, E. M. - FAYEK, H. M. 2008. Effect of
natural antioxidant on oxidative stability of eggs and productive and reproductive
performance of laying hens. In International Journal of Poultry Science, vol. 7, 2008, no. 2, p.
134-150.

RECOQUILLAY F. 2006. Aktivni rostlinné extrakty - ptislib pro driitbezarskou produkei, In
Krmivarstvi, 2006, no. 1, p. 23-26.

SUCHY, P. - STRAKOVA, E. - MAS, N. - SERMAN. V. - VECEREK, V. - BEDRICA, L. -
LUKAC, Z. - HORVAT, Z. 2010. The effect of a herbal additive on performance parameters
in layers. In Tierarztliche Umschau, vol. 65, 2010, no. 2, s. 74-78.

1105




JMBFS / Arpdsovd et al. 2013 : 2 (Special issue 1) 1092-1106

UUGANBAYAR, D. - SHIN, L. S. - YANG, C. J. 2006. Comparative performance of hens
fed diets containing Korean, Japanese and Chinese green tea. In Asian-Australasian Journal
of Animal Sciences, vol. 19, 2006, no. 8, p. 1190-1196.

YALCIN, S. - ONBASILAR, E. E. - REISLI, Z. - YALCIN, S. 2006: Effect of garlic powder
on the performance, egg traits and blood parameters of laying hens. In Journal of the Science
of Food and Agriculture, vol. 86, 2006, no. 9, p. 1336-1339.

YALCIN, S. - ONBASILAR, I. - ONBASILAR, I. - SEHU, A. - YALCIN, S. 2007. The
effects of dietary garlic powder on the performance, egg traits and blood serum cholesterol of
laying quails. In Asian-Australasian Journal of Animal Sciences, vol. 20, 2007, no. 6, p. 949-
947.

YANNAKOPOULOS, A. - TSERVENI-GOUSI, A. - CHRISTAKI, E. 2005. Enhanced egg
production in practice: The case of Bio-Omega-3 egg. In Journal of Animal Science,vol. 4,

2005, no. 8, p. 531-535.

1106




