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CHEMICAL COMPOSITION OF CHICKEN MEAT AFTER APPLICATION OF
HUMIC ACID AND PROBIOTIC LACTOBACILLUS FERMENTUM
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ABSTRACT

The aim of the present study was analysed and evaluated chemical parameters of chicken breast and thigh muscles after
addition of humic acids and probiotic into diet for broiler chicken. A total of 200 pcs Ross 308 broiler chickens were divided
into 4 groups (n=50). The control group of chickens was fed with complete feed mixtures without any additives. Chickens in
experiment groups were fed a diet containing: P1 (1% of humic acid), P2 (1% of humic acid and probiotic supplement
Lactobacillus fermentum) and P3 were fed with complete feed mixture containing combination of starter feed mixture (1. —
21. day) with coccidiostaticum Diclazuril and growth feed mixture (21. — 35. day) containing Salinomycinum sodium.
Besides, the groups were kept under the same conditions. Fattening period lasted for 42 days. Chicken meat was analyzed
for content of water, crude protein, fat and cholesterol. Based on the results, we can state that the application of humic acids
or the combination of Humac Natur with probiotic did not affect the chemical composition of the breast muscle. In the breast
muscle, the protein content in the experimental group P3 with the coccidiostat (22.98 g.100 g') was reduced (p <0.05)
compared to control group (23.42 g.100 g2). In the case of thigh muscle was significantly higher content of fat and cholesterol
(p <0.05) in chickens feeding with addition of Humac Natur (fat — 9.08 g.100g*; cholesterol — 0.86 mg.100g™*) and similar
results were recorded in experimental group with combination of Humac Natur and probiotic (fat — 9.15 g.100g%; cholesterol
— 0.86 mg.100g™*) compared to control group (fat — 7.15 ¢.100g™; cholesterol — 0.70 mg.100g™t). From a general point of
view, we can recommend the application of Humac Natur, respectively combination Humac Natur with probiotics in feeding

of broiler chickens Ross 308.
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INTRODUCTION

Meat quality has always been important to the consumer,
and it is an especially critical issue for the meat industry in
the 21% century (Joo et al., 2013). High product quality and
food safety are key targets for the food industry, since they
relate to customer satisfaction and ultimately to repeat
purchase (O’Sullivan, 2017). In addition, the aim of food
researchers and producers is to increase the nutritional value
of food without decreasing sensory quality or consumers’
acceptability (Miezeliene et al., 2011). Poultry meat
represents an important component of human diet.
Complete feed mixtures for broiler chickens are often
enriched with various additives as vegetable oils, probiotic,
prebiotic and enzyme preparations (Lee et al., 2003, 2004;
Shalmany and Shivazad, 2006). After the application of
antibiotics as feed additives in order to enhance growth in
production animals has lately been restricted (Enberg et al.,
2000), researchers have looked for new feed additives that
are not harmful to human health.

The importance of these alternative supplement consists
mainly in the replacement of antibiotics and coccidiostats
which were banned by the European Union since 2006 for
poultry husbandry. Several additives have been tested as

growth promoters to avoid the excessive use of antibiotics
or at least reduce or substitute their inclusion in feeds, while
maintaining an efficient animal production to obtain safe
edible products (Islam et al., 2005; Gomez et al., 2012).
The use of most antibiotic growth promoters has been
banned in many countries, because it is risky due to cross
resistance amongst pathogens and residues in tissues.
Humic acids, one of the potential substances alternatives to
antibiotics in the diet of poultry, are formed from decayed
plant matter with the aid of living bacteria in the soil
(Nagaraju et al., 2014).

The basic problems of poultry feeding consist not only of
sufficient supply of the main feed materials (Kluth and
Rodehutscord, 2006; Gous, 2010), but also of looking for
safe and native food sources (Corzo et al., 2005; Brenes
and Roura, 2010). The humic substances are very common
in nature as they originate from the decomposition of
organic matter, and are normally present in the drinking
water and soil (Islam et al., 2005) and humic acid shows
antibacterial, antiviral, antithyroideal and antimicrobial
effects in animal husbandry to improve the economy and
ecology of animal production by increasing growth rate,
decreasing feed expenditure per gain and diminishing the
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risk of disease (Eren et al., 2000; Kocabagli et al., 2002;
Rath et al., 2006). Humic acid is known to be nontoxic and
nonteratogenic and has been used as analgesic and
antimicrobial agent in veterinary practices (Yasar et al.,
2002) and humic acid based mixtures have the potential to
be an alternative to antibiotic growth promoters in broiler
diets (Ceylan et al., 2003).

Humic acids are organic compounds naturally present in
water and soil. They form three-dimensional structure
molecules, containing aromatic nuclei with oxygen and
nitrogen heterocycles. In the side chains, bound to an
aromatic nucleus, hydroxyl, carbonyl, carboxyl, amine and
sulfhydryl functional groups are present (MacCarthy
2001; Zraly et al., 2008).

Ozturk et al. (2010) found that the humic acids had
positive effect on growth, meat quality, carcass
characteristics, selected parameters determined in the blood
and in the gastrointestinal tract. Humic acids are naturally
occurring decomposed organic constituents of soil and
lignite that are complex mixtures of polyaromatic and
heterocyclic chemicals with multiple carboxylic acid side
chains (MacCarthy, 2001). The use of humic acid to
replace antibiotics in poultry has gained widespread interest
(Mutus et al., 2006). It has been observed that humic acid
included in the feed and water of poultry promote growth
(Kocabagli et al., 2002; Mirnawati and Marlida, 2013).
The humic substances had positive effect on the growth of
animals and feed conversion (Kocabagli et al., 2002; EI-
Husseiny et al., 2008; Ozturk et al., 2012; Mirnawati and
Marlida, 2013).

As diet is one of the most important factors affecting meat
quality (Tateo et al., 2013), various benefits in regard to
meat quality characteristics can be gained by supplementing
broiler diets, particularly using probiotics as feed additives
(Karaoglu et al., 2004). Among the possible alternatives,
probiotics are considered a promising alternative to
antibiotics, as well. Probiotic is defined as a live microbial
feed supplement that beneficially affects the host animal by
improving the intestinal microbial balance (Alkhalf et al.,
2010; Daneshmand et al., 2015). Probiotics cover a wide
range of living microorganisms with supposed positive
effects on gut flora and producing many substances
supporting many different effects (Bernardeau and
Vernoux, 2013). Probiotics are live, non-pathogenic
bacteria that contribute to the health and balance of the
intestinal tract (Giannenas et al., 2012; Bajaj et al., 2015;
Uyeno et al., 2015). Several studies showed that dietary
supplementation of lactic acid bacteria (e.g. Lactobacillus)
improve the performance and feed conversion (Taklimi et
al.,, 2012; Bai et al., 2013). The enhanced growth with
probiotics may be partly attributed to the colonisation of the
gastrointestinal tract of the chicks, which improved the
digestion of essential nutrients (Khaksefidi and Rahimi,
2005). Various studies have reported a wide variety of
health-promoting properties influencing the host intestinal
balance (Shim et al., 2012; Blajman et al., 2015), as well
as quality of chicken eggs (Zhang et al., 2012;
Angelovicova et al., 2013) and chicken meat (Abdel-Latif
etal., 2008; Bobko et al., 2015; Has¢ik et al., 2016; Wang
et al., 2017).

Scientific hypothesis

This study was designed to investigate the effects of
dietary addition of humic acids or combination of humic
acids with probiotic preparation based on Lactobacillus
fermentum on meat chemical composition of Ross 308
broiler chickens. We expect that addition of these
preparations will have a positive affcet on chosen
parameters of chemical composition of broiler meat.

MATERIAL AND METHODOLOGY

Animal and diets

The experiment was realized at the Department of Poultry
Science and Small Farm Animals in the experimental
poultry house on College farm in Kolifiany.

In every experiment a total 200 one-day-old Ross 308
meat hybrid chicken was included. Chickens were
randomized into four groups, each containing 50 birds.
Chickens in individual groups were stabled on deep
budding, with a maximum occupation of the breeding areas
33 kg.m2. During the fattening period, the light regimen
based on 23 h of light and 1 h of dark was used.

The temperature at the beginning of the experiment was
31 — 33 °C and decreased to 20 — 22 °C during the
experiment. The temperature was maintained using
electronic hen-like devices providing radiant heat.

The fattening lasted 42 days. The feeding program
included three phases: starter (1%t — 215 days of age), grower
(22" — 35" days of age), and finisher (36" — 42" days of
age). Feed and water were supplied ad libitum. Composition
of complete feed mixtures is presented in Table 1.

In control group we used complete feed mixture without
any additives. Group of chickens P1 was fed a diet
containing 1% of preparation Humac Natur. The group
marked as P2 was fed a diet containing 1% of preparation
Humac Natur and probiotic supplement Propoul in water
(0.03 g per pc) and group P3 containing combination of
starter feed mixture with coccidiostaticum Diclazuril (each
kg contains 5 g of Diclazuril) and growth feed mixture
containing Salinomycinum sodium (each kg contains 120 g
of Salinomycin).

In the experiment, the probiotic preparation "Propoul”
based on Lactobacillus fermentum (1.10° CFU per 1 g of
bearing medium) was used.

Humac Natur purchased from Humac s.r.o., Kosice is
preparation of humic substances on base of oxihumolit
contain min. 62% humic acids in dry matter, of this 48%
free munic acids in dry matter, minerals and trace elements,
carboxymethylcellulose complex with humic substances.
Moisture was maximum 11%.

Slaughter and measurements

At 42 days of age, chickens were weighed and slaughtered
at the experimental slaughterhouse of Slovak University of
Agriculture in Nitra. The chemical analysis of chicken meat
(breast muscle without skin, thigh muscle with skin and
subcutaneous fat) for analyse of crude protein, fat, wate and
cholesterol content, was performed using an Infratec 1265
Meat Analyzer.

Statisic analysis
A statistical analysis was computed using the ANOVA
procedures of SAS software with using of Enterprise Guide.
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4.2 application (version 9.3, SAS Institute Inc., USA, 2008).
Data were reported as mean + standard deviation. Statistical
significance was calculated using t-test. Differences
between the groups were considered significant at p <0.05.

RESULTS AND DISCUSSION

The results of experiment with Ross 308 broiler chickens
after addition of humic acid and probiotic, which was aimed
at analysed and evaluated chemical parameters, are
presented as follows: the results of crude protein, fat, water
and cholesterol content in breast and thigh muscle are given
Table 2.

Humic acids stabilize the intestinal flora and thus ensure
an improved utilization of nutrients in animal feed (Islam
et al., 2005).

The higher average value of crude protein content
measured in fresh breast muscle after addition of
supplements was in control group C without addition
(23.42 g.100 g*') and the lowest value was measured in
experimental group P2 with addition of humic acid and
probiotic (22.49 ¢.100 g'). We have found statistically
significant differences (p <0.05) between control group C
and experimental groups P2 and P3.

In the case of fresh thigh muscle was measured the lowest
value of crude protein content 18.70 g¢.100 g* in
experimental group P2 with combination of humic acid and
probiotic Lactobacillus fermentum and the higher value in
experimental group P3 containing combination of starter
feed mixture with coccidiostaticum Diclazuril and growth
feed mixture containing Salinomycinum sodium (19.93
g.100 g'). We have found statistically significant
differences (p <0.05) between experimental group P1 and
experimental groups P2 and P3.

Table 1 Composition of feed mixtures.

Ozturk et al. (2010) evaluated the chemical composition
of breast and thigh muscles of broiler chickens Ross 308
after addition of humic substances (0.5; 1.0 and 1.5 %) into
fed. Content of protein was the higher in control group
22.94% and the lowest in group with addtiotion 1% of
humic substances (22.49%). In the thigh muscles, content
of protein was 17.32% in cotrol group and 17.44% in group
with 1% of humic substances.

Ozturk et al. (2011) reported that addition of 1% humic
substance into fed for broiler chickens Ross 308 decreased
the protein content of thigh meat in relation to control group
and 1.5% humic substance, and the protein content of breast
meat compared to control group (p <0.10).

The effect of adding humic acids on the quality of the meat
of broiler chickens Cobb 500 was monitored in their work
Reitznerova et al. (2016). They found out that content of
protein in breast muscle was 23.36% compared to control
group (23.52%) and in thigh muscle was 19.76% compared
to 20.16% in control group.

Ondruska et al. (2012) evaluated the addition of
combination Humac Natur (0.3%) and probiotic
L. fermentum on rabbit meat quality. Content of total protein
was in control group 22.07 g.100 g compared to tested
group 21.70 g.100 g*.

In evaluating of fat content in fresh breast muscle was
found the lower value 0.84 g.100 g* in experimental group
P1 with addition of humic acid and the higher average value
1.96 g.100 g* in group with addition of Humac Natur and
probiotic (experimental group P2). In thigh muscle was
found the higher value of fat content in experimental group
P2 (9.15 g.100 g% and the lower average value
7.15 g.100 g in experimental group P1. We have found
statistically significant differences (p <0.05) in breast

Ingredients (%) Starter (HYD-01)

(1%t — 21% day of age)

Grower (HYD-02)
(22" — 35" day of age)

Finisher (HYD-03)
(36" — 42" day of age)

Wheat 35.00 35.00 36.82
Maize 35.00 40.00 37.00
Soybean meal (48% N) 21.30 18.70 20.00
Fish meal (71% N) 3.80 2.00 -
Dried blood 1.25 1.25 -
Ground limestone 1.00 1.05 1.10
Monocalcium phosphate 1.00 0.70 1.00
Fodder salt 0.10 0.15 0.20
Sodium bicarbonate 0.15 0.20 0.25
Lysine 0.05 0.07 0.29
Methionine 0.15 0.22 0.29
Palm kernel oil Bergafat 0.70 0.16 2.50
Premix Euromix BR 0.5%" 0.50 0.50 0.50
Nutrient composition (g.kg™?)

Linoleic acid 13.51 14.19 149.1
Fibre 30.18 29.93 30.54
Crude protein 210.76 190.42 170.58
MEN (MJ.kg?) 12.01 12.03 12.37
Ash 24.24 19.93 38.49
Ca 8.15 7.27 7.37
P 6.75 5.70 6.00
Na 1.70 1.77 1.73

Note: *active substances per kilogram of premix: vitamin A 2 500 000 1U; vitamin E 20 000 mg; vitamin D3 800 000
IU; niacin 12 000 mg; d-pantothenic acid 3 000 mg; riboflavin 1 800 mg; pyridoxine 1 200 mg; thiamine 600 mg;
menadione 800 mg; ascorbic acid 20 000 mg; folic acid 400 mg; biotin 40 mg; kobalamin 8.0 mg; choline 100 000 mg;
betaine 50 000 mg; Mn 20 000 mg; Zn 16 000 mg; Fe 14 000 mg; Cu 2 400 mg; Co 80 mg; | 200 mg; Se 50 mg.
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Table 2 Chemical composition of breast and thigh muscle meat (g.100 g2).

Parameter Breast muscle

C P1 P2 P3
Protein 23.42 +0.21° 23.24 +0.48%® 22.49 +0.78? 22.98 +0.19?
Fat 1.09 +0.79%® 0.84 +0.29? 1.96 +1.06° 1.17 +0.33%®
Water 74.32 £0.75 76.13 +2.51 74.34 +0.57 74.09 £0.24
Cholesterol 0.37 £0.08 0.33 £0.01 0.39 +0.06 0.34 +0.01

Thigh muscle

C P1 P2 P3
Protein 19.85 +1.28% 19.44 +0.28° 18.70 +0.29? 19.93 +0.34?
Fat 7.15 £1.66° 9.08 +1.19° 9.15 +0.14° 7.67 £2.05%
Water 71.73 £1.47% 70.42 £0.512 73.41 £1.63° 73.34 £2.60P
Cholesterol 0.70 +0.05? 0.86 +0.05P 0.86 +0.05° 0.78 £0.15%

Note: C — control group; P1, P2, P3 — experimental groups; a, b — means with different superscripts within a line differ

significantly (p <0.05).

muscle between experimental groups P1 and P4 and in thigh
muscle between control group C and experimental group P1
and P2.

The lowest average value of fat content measured in fresh
breast muscle was in experimental group P1 with addition
0.6 % humic acid (0.84 g.100 g') and the higher value was
measured in experimental group P2 with addition of humic
acid and probiotic (1.96 ¢g.100 g?). We have found
statistically significant differences (p <0.05) between
experimental groups P1 and P4.

In the case of fresh thigh muscle was measured the higher
value of fat content 9.15 g.100 g in experimental group P2
with addtion of humic acid and probiotic Lactobacillus
fermentum and the lowes taverage value in control group C
witout addition (7.15 g.100 g*). We have found statistically
significant differences (p <0.05) between control group C
and experimental group P1 and P2.

The content of fat 2.75 g.100 g* in breast muscle and
11.98 ¢.100 g in thigh muscle after addition 0.6% humic
acids into feeding mixture for broiler chickens Cobb 500
describe in their work Reitznerova et al. (2016).

Ozturk et al. (2010) found content of fat in breast and
thigh muscle of broiler chickens Ross 308 after addition 1%
humic substances 2.81 ¢.100 g*! and 11.45 ¢g.100 g*,
respectively. In another work Ozturk et al. (2011) reported
content of fat in breast and thigh muscle meat of broiler
chickens Ross 308 2.67 9.100 g in breast muscle and 11.43
g.100 g in thigh muscle.

In the case of rabbit meat, Ondruska et al. (2012) reported
content of fat 1.4 g.100 g'* compared to control group 1.43
g.100 g* after addition Humac Natur into the feed in amount
0.3% and probiotic.

The water content of fresh breast muscle meat was in
control group 74.32 g.100 g, while the higher average
valuae was measured in experimental group P1 with
addition humic acids (76.13 g.100 g*) and the lowest value
in experimental group with addition of coccidiostaticums
(P3) 74.09 ¢.100 g*. We have not found statistically
significant differences (p <0.05) between tested groups.

In the thigh muscle was observed the lower value
70.42 g.100 g*in experimental group P1 and the higher
value in experimental group P2 73.41 g.100 g*. We have

addition 1% humic substances into fed 26.62 ¢.100 g* and
in thigh muscle 30.52 ¢.100 g** compared to control group
26.86 ¢.100 gt and 29.40 g.100 g, respectively.

The dry mater content after addition 0.6% humic acids into
feed mixture for broiler chickens Cobb 500 was in the work
Reitznerova et al. (2016) 28.12 g.100 g™ in breast muscle
and in the case thigh muscle 33.07 g.100 g

Ozturk et al. (2011) measured content of dry matter in
breast muscle of broiler chicken Ross 308 26.55 ¢.100 g*
and in thigh muscle 30.07 g.100 g* after addition of 1%
humic substances.

In the experiment of Ondruska et al. (2012) with addition
Humac Natur and probiotic into feed mixture for rabbit
reported the total content of water 75.87 ¢.100 g! in
experimental group and 75.53 g.100 g in control group.

The cholesterol content in chicken breasts ranged from
0.33 9.100 g* (experimental group P1 with addition humic
acids) to 0.39 g.100 g* (experimental group P2 with
addition humic acids and probiotic) and in thigh muscle
from 0.70 9.100 g in control group C to 0.86 ¢g.100 g*tin
experimental groups P1 and P2.

We have not found statistically significant differences
(p <0.05) in breast muscle between tested groups, but in the
case of thigh muscle we have found statistically significant
differences (p <0.05) between control group and
experimental group P1 and P2.

Has¢ik et al. (2016) found cholesterol content in breast
muscle of broilers Ross 308 from 86.42 mg.100 g* in
experimental group with propolis addition to 92.17 mg.100
gt in experimental group with probiotic and in thigh muscle

was measured 113.08 mg.100 g?' (probiotic),
118.68 mg.100 g* (propolis) and in control group 121.25
mg.100 g

Ahmed et al. (2015) found significantly higher crude
protein content (p <0.05) in the group of broilers fed a diet
supplemented with pomegranate in breast muscle (28.55%),
as well as thigh muscle (23.44%) than that in non-
supplemented group (26.21 and 22.18%, respectively).
Moreover, there was a significant decrease (p <0.05) in
cholesterol content of breast muscle in the pomegranate-
supplemented group (62.8 mg.100 g*) compared with the
control (77.44 mg.100 g%). 63.14 mg.100 g™* (thigh muscle

found statistically significant differences (p <0.05) between pomegranate) compared with the control (65.78
experimental group P1 and experimental group P2 and P3. mg.100 g%).
Ozturk et al. (2010) in their work stated, the content of
dry matter in breast muecle of broiler chicken Ross 308 after
Volume 12 697 No. 1/2018
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CONCLUSION

The results of our study have shown that the application of
humic acids or combination of humic acids with probiotics
did not effect the chemical composition of breast muscle. In
the breast muscle was reducted (p <0.05) content of protein
in experimental group P3 with coccidiostaticums compared
to control group. In thigh muscle was statisticaly higher
(p <0.05) content of fat and cholesterol in experimental
group of chickens fed with Humac Natur or combination
Humac Natur and probiotic compared to control group, as
confirmed by the results of other authors, who also found a
slight increase in fat content and therefore cholesterol in
thigh muscle of broiler chicken after using various feed
supplements. From a general point of view, we can
recommend the application of Humac Natur, or its
combination with probiotic into diet of broiler chickens
Ross 308.

REFERENCES

Abdel-Latif, K. O., El-Husseiny, O. M., Abdallah, A. G.
2008. The Influence of Biological Feed Additives on Broiler
Performance. International Journal of Poultry Science, vol. 7,
no. 9, p. 862-871. https://doi.org/10.3923/ijps.2008.862.871

Ahmed, S. T., Islam, M. M., Bostami, A. B. M. R., Mun, H.,
Kim, Y., Yang. C. 2015. Meat composition, fatty acid profile
and oxidative stability of meat from broilers supplemented
with pomegranate (Punica granatum L.) by-products. Food
Chemistry, vol. 188, p. 481-488.
https://doi.org/10.1016/j.foodchem.2015.04.140

Alkhalf, A., Alhaj, M., Al-Homidan, 1. 2010. Influence of
probiotic supplementation on blood parameters and growth
performance in broiler chickens. Saudi Journal of Biological
Sciences, vol. 17, no. 3, p. 219-225.
https://doi.org/10.1016/j.sjbs.2010.04.005

Angelovicova, M., Alfaig, E., Kral, M., Tkacova, J. 2013.
The effect of the probiotics Bacillus Subtilis (PB6) on the
selected indicators of the table eggs quality, fat and cholesterol.
Potravinarstvo, vol. 7, no. 1, p. 80-84.
https://doi.org/10.5219/271

Bai, S. P., Wu, A. M., Sing, X. M., Lei, Y., Bai, J., Zhang, K.
Y., Chio, J. S. 2013. Effects of probiotic-supplemented diets on
growth performance and intestinal immune characteristics of
broiler chickens. Poultry Science, vol. 92, no. 3, p. 663-670.
https://doi.org/10.3382/ps.2012-02813

Bajaj, B., Claes, ., Lebeer, S. 2015. Functional mechanisms
of probiotics. Journal Of Microbiology, Biotechnology and
Food Sciences, wvol. 4, no. 4, p. 321-327.
https://doi.org/10.15414/jmbfs.2015.4.4.321-327

Bernardeau. M., Vernoux, J. 2013. Overview of differences
between microbial feed additives and probiotics for food
regarding regulation, growth promotion effects and health
properties and consequences for extrapolation of farm animal
results to humans. Clinical Microbiology and Infection, vol.
19, no. 4, p. 321-330. https://doi.org/10.1111/1469-
0691.12130

Blajman, J., Gaziano, C., Zbrun, M. V., Soto, L., Astesana,
D., Berisvil, A., Scharpen, Signorini, M., Frizzo, L. 2015. In
vitro and in vivo screening of native lactic acid bacteria toward
their selection as a probiotic in broiler chickens. Research in
Veterinary Science, vol. 101, p. 50-56.
https://doi.org/10.1016/j.rvsc.2015.05.017

Bobko, M., Haséik, P., Bobkova, A., Pavelkova, A.,
Tkacova, J., Trembeckd, L. 2015. Lipid oxidation in chicken
meat after application of bee pollen extract, propolis extract

and probiotic in their diets. Potravinarstvo, vol. 9, no. 1, p.
342-346. https://doi.org/10.5219/495

Brenes E., Roura A. 2010. Essential oils in poultry nutrition:
Main effects and modes of action. Animal Feed Science and
Technology. 2010. wvol. 158, no. 1-2, p. 1-14.
https://doi.org/10.1016/j.anifeedsci.2010.03.007

Ceylan, N., Ciftci, 1., llhan, Z. 2003. Effects of Some
Alternative Feed Additives for Antibiotic Growth Promoters
on Performance and Gut Microflora of Broilers. Turkish
Journal of Veterinary and Animal Sciences, vol. 27, no. 3, p.
727-733.

Corzo, A., Fritts, C. A., Kidd, M. T., Kerr, B. J. 2005.
Response of broiler chicks to essential and nonessential amino
acid supplementation of low crude protein diets. Animal Feed
Science and Technology, vol. 118, no. 3-4, p. 319-327.
https://doi.org/10.1016/j.anifeedsci.2004.11.007

Daneshmand, A., Sadeghi, G. H., Karimi, A., Vaziry, A.,
Ibrahim, S. A. 2015. Evaluating complementary effects of
ethanol extract of propolis with the probiotic on growth
performance, immune response and serum metabolites in male
broiler chickens. Livestock Science, vol. 178, p. 195-201.
https://doi.org/10.1016/j.livsci.2015.04.012

El-Husseiny, O. M., Abdallah, A. G., Abdel-Latif, K. O.
2008. The influence of biological feed additives on broiler
performance. International Journal of Poultry Science, vol. 7,
no. 9, p. 862-871. https://doi.org/10.3923/ijps.2008.862.871

Enberg, R. M., Hedemann. M. S,, Leser, T. D., Jensen, B. B.
2000. Effect of Zinc Bacitracin and Salinomycin on Intestinal
Microflora and Performance of Broilers. Poultry Science, vol.
79, no. 9, p. 1311-1319. https://doi.org/10.1093/ps/79.9.1311

Eren, M., Deniz, G., Gezen, S. S., Tirkmen, I. 1. 2000.
Broyler yemlerine kat lan humatlar n besiperformans, serum
mineral konsantrasyonu ve kemik kiilii Uzerine etkileri. Ankara
Universitesi Veteriner Fakiiltesi Dergisi, vol. 47, no. 3, p. 255-
263. https://doi.org/10.1501/Vetfak 0000000463

Giannenas, I., Papadopoulos, E., Tsalie, E., Triantafillou, E.,
Henikl, S., Teichmann, K., Tontis, D. 2012. Assessment of
dietary supplementation with probiotics on performance,
intestinal morphology and microflora of chickens infected with
Eimeria tenella. Veterinary Parasitology, vol. 188, no. 1-2, p.
31-40. https://doi.org/10.1016/j.vetpar.2012.02.017

Gomez, S., Angeles, M. L., Mojica, M. C., Jalukar, S. 2012.
Combination of an enzymatically hydrolyzed yeast and yeast
culture with a direct-fed microbial in the feeds of broiler
chickens. Asian-Australasian Journal of Animal Sciences, vol.
25, no. 5, p. 665-673. https://doi.org/10.5713/ajas.2011.11316

Gous, R. M. 2010. Nutritional limitations on growth and
development in poultry. Livestock Science, vol. 130, no. 1-3, p.
25-32. https://doi.org/10.1016/j.livsci.2010.02.007

Has¢ik, P., Trembecka, L., Bobko, M., Kacaniova, M.,
Cuboti, J., Kunova, S., Bu¢ko, O. 2016. Effect of diet
supplemented with propolis extract and probiotic additives on
performance, carcass characteristics and meat composition of
broiler chickens. Potravinarstvo, vol. 10, 2016, no. 1, p. 223-
231. https://doi.org/10.5219/581

Has¢ik, P., Trembecka, L., Bobko, M., Cubon, J., Bu¢ko, O.,
Tkacova, J. 2015. Evaluation of Meat Quality after Application
of Different Feed Additives in Diet of Broiler Chickens.
Potravinarstvo, vol. 9, no. 1, p. 174-182.
https://doi.org/10.5219/429

Islam, K. M. S., Schuhmacher, A., Gropp, J. M. 2005. Humic
acid substances in animal agriculture. Pakistan Journal of
Nutrition, vol. 4, no. 3, p. 126-134.
https://doi.org/10.3923/pjn.2005.126.134

Joo, S. T., Kim, G. D, Hwang, Y. H., Ryu, Y. C. 2013.
Control of fresh meat quality through manipulation of muscle

Volume 12

No. 1/2018


https://doi.org/10.3923/ijps.2008.862.871
https://doi.org/10.1016/j.foodchem.2015.04.140
https://doi.org/10.1016/j.sjbs.2010.04.005
https://doi.org/10.5219/271
https://doi.org/10.3382/ps.2012-02813
https://doi.org/10.15414/jmbfs.2015.4.4.321-327
https://doi.org/10.1111/1469-0691.12130
https://doi.org/10.1111/1469-0691.12130
https://doi.org/10.1016/j.rvsc.2015.05.017
https://doi.org/10.5219/495
https://doi.org/10.1016/j.anifeedsci.2010.03.007
https://www.researchgate.net/journal/1300-0128_Turkish_Journal_of_Veterinary_and_Animal_Sciences
https://www.researchgate.net/journal/1300-0128_Turkish_Journal_of_Veterinary_and_Animal_Sciences
https://doi.org/10.1016/j.anifeedsci.2004.11.007
https://doi.org/10.1016/j.livsci.2015.04.012
https://doi.org/10.3923/ijps.2008.862.871
https://doi.org/10.1093/ps/79.9.1311
https://doi.org/10.1501/Vetfak_0000000463
https://doi.org/10.1016/j.vetpar.2012.02.017
https://doi.org/10.5713/ajas.2011.11316
https://doi.org/10.1016/j.livsci.2010.02.007
https://doi.org/10.5219/581
https://doi.org/10.5219/429
https://doi.org/10.3923/pjn.2005.126.134

Potravinarstvo Slovak Journal of Food Sciences

fiber characteristics. Meat Science, vol. 95, no. 4, p. 828-836.
https://doi.org/10.1016/j.meatsci.2013.04.044

Kabir, S. M. L., Rahman, M. M., Rahman, M. B., Rahman,
M. M., Ahmed, S. U. 2004. The Dynamics of Probiotics on
Growth Performance and Immune Response in Broilers.
International Journal of Poultry Science, vol. 3, no. 5, p. 361-
364. https://doi.org/10.3923/ijps.2004.361.364

Karaoglu, M., Aksu, M. I., Esenbuga, N., Kaya, M., Macit,
M., Durdag, H. 2004. Effect of dietary probiotic on the pH and
colour characteristics of carcasses, breast fillets and drumsticks
of broilers. Animal Science, vol. 78, no. 2, p. 253-259.
https://doi.org/10.1080/10942910500267364

Khaksefidi, A., Rahimi, S. H. 2005. Effect of Probiotic
Inclusion in the Diet of Broiler Chickens on Performance, Feed
Efficiency and Carcass Quality. Asian-Australasian Journal of
Animal Sciences, wvol. 18, no. 8, p. 1153-1156.
https://doi.org/10.5713/ajas.2005.1153

Kluth H., Rodehutscord M. 2006. The role of methodical
aspects in the study of aminoacid subacute digestibility with
poultry (Metodiniy aspekty reik§mé amino rugsciy
precekalinio  virSkinamumo  tyrimuose su  naminiais
pauksciais). Veterinarija ir zootechnika, vol. 35, no. 57, p. 36-
42,

Kocabagli, N., Alp, M., Acar, N, Kahraman, R. 2002. The
effects of dietary humate supplemantation on broiler growth
and carcass. Poultry Science, vol. 81, no. 2, p. 227-230.
https://doi.org/10.1093/ps/81.2.227

Lee, K. W, Everts, H., Beynen, A. C. 2004. Essential oils in
broiler nutrition. International Journal Poultry Science, vol. 3,
no. 12, p. 738-752. https://doi.org/10.3923/ijps.2004.738.752

drinking water on performance, carcass traits and meat quality
of broilers. Journal of Animal Physiology and Animal
Nutrition, vol. 94, no. 1, p. 78-85.
https://doi.org/10.1111/j.1439-0396.2008.00886.x

Ozturk, E., Ocak, N., Turan, A., Erener, G., Altop, A,
Cankaya, S. 2011. Performance, carcass, gastrointestinal tract
and meat quality traits, and selected blood parameters of
broilers fed diets supplemented with humic substances.
Journal of the Science of Food and Agriculture, vol. 92, no. 1,
p. 59-65. https://doi.org/10.1002/jsfa.4541

Rath, N. C., Huff, W. E., Huff, G. R. 2006. Effects of humic
acid on broiler chickens. Poultry Science, 2006, vol. 85, no. 3,
p. 410-414. https://doi.org/10.1093/ps/85.3.410

Shalmany, K. S., Shivazad, M. 2006. The Effect of Diet
Propolis  Supplementation on Ross Broiler  Chicks
Performance. International Journal of Poultry Science, vol. 5,
no. 1, p. 84-88. https://doi.org/10.3923/ijps.2006.84.88

Reitznerova, A., Nagy, J., Marcincadk, S., Macanga, J.,
Vasko, L., Vaskova, J., Polakova, Z. 2016. The effect of humic
acids on oxidative stability of frozen chicken. Bezpecnost
a kontrola potravin : Zbornik prac z XI1. Vedeckej konferencie
s medzinarodnou ucastou, Nitra : SPU, p. 182-185. ISBN 978-
80-552-1481-8. (In Slovak)

Shim, Y. H., Ingale, S. L., Kim, J. S., Kim, K. H., Seo, D. K.,
Lee, S. C., Chae, B. J., Kwon, I. K. 2012. A multi-microbe
probiotic formulation processed at low and high drying
temperatures: effects on growth performance, nutrient
retention and caecal microbiology of broilers. British Poultry
Science, vol. 53, no. 4, p. 482-490.
https://doi.org/10.1080/00071668.2012.690508

Lee, K. W., Everts, H., Kappert, H. J., Frehner, M., Losa, R.,
Beynen, A. C. 2003. Effects of dietary essential oil components
on growth performance, digestive enzymes and lipid
metabolism in female broiler chickens. British Poultry Science,
vol. 44, no. 3, p. 450-457.
https://doi.org/10.1080/0007166031000085508

MacCarthy, P. 2001. The principles of humic substances. Soil
Science, vol. 166, no. 11, p. 38-751.
https://doi.org/10.1097/00010694-200111000-00003

Miezeliene, A., Alencikiene, G., Gruzauskas, R., Barstys, T.
2011. The effect of dietary selenium supplementation on meat
quality of broiler chickens. Biotechnology, Agronomy, Society
and Environment, vol. 15, no. S1, p. 61-69.

Mirnawati, Y. R., Marlida, Y. 2013. Effects of humic acid
addition via drinking water on the performance of broilers fed
diets containing fermented and non-fermented palm kernel
cake. Archiva Zootechnica, vol. 16, no. 1, p. 41-53.

Mutus, R., Kocabagli, N., Alp, M., Acar, N., Eren, M.,
Gezen, S. S. 2006. The effect of dietary probiotic
supplementation on tibial bone characteristics and strength in
broilers. Poultry Science, vol. 85, no. 9, p. 1621-1625.
https://doi.org/10.1093/ps/85.9.1621

Nagaraju, R., Reddy, B. S. V., Gloridoss, R., Suresh, B. N.,
Ramesh, C. 2014. Effect of dietary supplementation of humic
acids on performance of broilers. The Indian Journal of Animal
Sciences, vol. 84, no. 4, p. 447-452.

Ondruska, L., Chrastinova, L., Rafay, J., Pospisilova, D.,
Parkanyi, V. 2012. Effect of humic substances and probiotics
on growth performance and meat quality of rabbits.
Potravinarstvo, vol. 6, no. 2, p. 39-41.
https://doi.org/10.5219/192

O’Sullivan, M. G. 2017. A Handbook for Sensory and
Consumer-Driven New Product Development. Cambridge :
Woodhead Publishing. 370 p. ISBN 978-0-08-100352-7.

Ozturk, E., Ocak, N., Coskun, I., Turhan, S., Erener, G. 2010.
Effects of humic substances supplementation provided through

Taklimi, S. M. S. M., Lotfollahian, H., Shahne, A. Z.,
Mirzaei, F., Alinejad, A. 2012. Study on efficacy of probiotic
in broiler chickens diet. Agricultural Sciences, vol. 3, no. 1, p.
5-8. https://doi.org/10.4236/as.2012.31002

Tateo, A., De Palo, P., Maggiolino, A., Centoducati, P. 2013.
Post-thawing colour changes in meat of foals as affected by
feeding level and post-thawing time. Archives Animal
Breeding, vol. 56, no. 29, p. 293-302.
https://doi.org/10.7482/0003-9438-56-029

Uyeno, Y., Shigemori, S., & Shimosato, T. 2015. Effect of
Probiotics/Prebiotics on Cattle Health and Productivity.
Microbes and Environments, vol. 30, no. 2, p. 126-132.
https://doi.org/10.1264/jsme2.ME14176

Wang, Y., Sun, J., Zhong, H., Li, N., Xu, H., Zhu, Q., Liu, Y.
2017. Effect of probiotics on the meat flavour and gut
microbiota of chicken. Scientific Reports. vol. 7, no. 1, p. 6400.
https://doi.org/10.1038/s41598-017-06677-z

Yasar, S., Gokcimen, A., Altuntas, ., Yonden, Z., Petekkaya,
E. 2002. Performance and ileal histomorphology of rats treated
with humic acid preparations. Journal of Animal Physiology
and Animal Nutrition, vol. 86, no. 7-8, p. 257-264.
https://doi.org/10.1046/j.1439-0396.2002.00383.x

Zhang, J. L., Xie, Q. M., Ji, J.,, Yang, W. H., Wu, Y. B,, Li,
C., Ma, J. Y., Bi, Y. Z. 2012. Different combinations of
probiotics improve the production performance, egg quality,
and immune response of layer hens. Poultry Science, vol. 91,
no. 11, p. 2755-2760. https://doi.org/10.3382/ps.2012-02339

Zraly, Z., Pisatikova, B. 2010. Effect of sodium humate on
the content of trace elements in organs of weaned piglets. Acta
Veterinaria Brno, wvol. 79, no. 1, p. 73-79.
https://doi.org/10.2754/avb201079010073

Volume 12

No. 1/2018


https://doi.org/10.1016/j.meatsci.2013.04.044
https://doi.org/10.3923/ijps.2004.361.364
https://doi.org/10.1080/10942910500267364
https://doi.org/10.5713/ajas.2005.1153
https://doi.org/10.1093/ps/81.2.227
https://doi.org/10.3923/ijps.2004.738.752
https://doi.org/10.1080/0007166031000085508
https://doi.org/10.1097/00010694-200111000-00003
https://doi.org/10.1093/ps/85.9.1621
https://doi.org/10.5219/192
https://doi.org/10.1111/j.1439-0396.2008.00886.x
https://doi.org/10.1002/jsfa.4541
https://doi.org/10.1093/ps/85.3.410
https://doi.org/10.3923/ijps.2006.84.88
https://doi.org/10.1080/00071668.2012.690508
https://doi.org/10.4236/as.2012.31002
https://doi.org/10.7482/0003-9438-56-029
https://doi.org/10.1264/jsme2.ME14176
https://doi.org/10.1038/s41598-017-06677-z
https://doi.org/10.1046/j.1439-0396.2002.00383.x
https://doi.org/10.3382/ps.2012-02339
https://doi.org/10.2754/avb201079010073

Potravinarstvo Slovak Journal of Food Sciences

Contact address:

doc. Ing. Peter Hasc¢ik, PhD., Slovak University of
Agriculture in Nitra, Faculty of Biotechnology and Food
Sciences, Department of Animal Products Evaluation and
Processing, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia, E-mail:
peter.hascik@uniag.sk

doc. Ing. Henrieta Arpasova, PhD., Department of Poultry
and Small Animal Husbandry, Faculty of Agrobiology and
Food Resources, Slovak University of Agriculure in Nitra,
Trieda A. Hlinku 2, 949 76 Nitra, Slovakia, E-mail:
henrieta.arapasova@uniag.sk

Mgr. Ing. Adriana Pavelkova, PhD., Slovak University of
Agriculture in Nitra, Faculty of Biotechnology and Food

doc. Ing. Marek Bobko, PhD., Slovak University of
Agriculture in Nitra, Faculty of Biotechnology and Food
Sciences, Department of Animal Products Evaluation and
Processing, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia, E-mail:
marek.bobko@uniag.sk

prof. Ing. Juraj Cuboni, CSc., Slovak University of
Agriculture in Nitra, Faculty of Biotechnology and Food
Sciences, Department of Animal Products Evaluation and
Processing, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia, E-mail:
juraj.cubon@uniag.sk

Ing. Ondfej Bucko, PhD., Slovak University of
Agriculture in Nitra, Faculty of Agrobiology and Food
Resources, Department of Animal Husbandry, Tr. A.

Sciences, Department of Animal Products Evaluation and Hlinku 2, 949 76 Nitra, Slovakia, E-mail:
Processing, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia, E-mail: ondrej.bucko@uniag.sk

adriana.pavelkova@uniag.sk

Volume 12 700 No. 1/2018



