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Abstract 

High growth rate and feed efficiency are the two main 
targets in poultry production. For several decades, 
antibiotics have been widely used in the chicken diet. 
However, the use of antibiotics in broilers feeding has 
resulted in numerous problems and therefore their 
usage as a growth promoter is no longer acceptable 
and is prohibited in the European Union countries. 
Propolis as a natural substance pose itself as a valuable 
alternative in that sense. The aim of this study was to 
determine the effect of propolis supplementation on 
weight gain, feed conversion and selected biochemical 
blood parameters of broilers. 

This experimental study was conducted on 180 Ross 
308 chickens equally distributed by sex and divided 
into three groups: the control group of chickens (C) 
fed with a basal diet and two experimental groups of 
chickens (E) fed with the same diet supplemented with 
propolis (E1 2g/kg and E2 4g/kg). Blood sampling was 
performed by wing vein puncture with direct needle 
injection coupled with a test tube under vacuum 
on the 42th day of the study. The collected blood 
samples were analyzed for the following biochemical 
parameters (Fe, Ca, Na, P, Mg, K, Cl, cholesterol, HDL 
cholesterol, LDL cholesterol, triglyceride, glucose, total 
proteins, globulins and albumins). The mentioned 
biochemical parameters were determined using 
Olympus AU 680 automatic analyzer (Olympus Life 
Science Research Europa GmbH, Germany). Laboratory 
analyses were performed at the Department of Clinical 
Laboratory Diagnostics, University Hospital Centre 

Osijek. The numerical variables were described as 
mean and standard deviation. The ANOVA and Kruskal-
Wallis test were used for the comparison of numerical 
variables among the groups. The level of statistical 
significance was set at p<0.05.

The study revealed that there were no statistically 
significant differences in weight gain between C and E 
groups of chickens on 1st (p = 0.547), 2nd (p = 0.464), 
3rd (p = 0.792), 4th (p = 0.426), 5th (p = 0.925) and 6th 
(p = 0.971) week of feeding. The study also showed 
that there were no statistically significant differences in 
feed conversion between C and E groups in any of the 
week of feeding (p = 0.368). Finally, the study revealed 
that there were statistically significant differences in 
Na levels (p = 0.039) and Ca levels (p = 0.045) while 
there were no statistically significant differences in 
HDL cholesterol (p = 0.719), LDL cholesterol (p = 
0.382), cholesterol (p = 0.462), triglycerides (p = 0.481), 
proteins (p = 0.249), albumins (p = 0.661), globulins (p 
= 0.058), glucose (p = 0.179), Fe (p = 0.068), Mg (p = 
0.557), K (p = 0.590), P (p = 0.397) and Cl (p = 0.128) 
levels between C and E groups. 

It can be concluded that applied doses of propolis did 
not affect the observed performance indicators and 
selected biochemical blood parameters of broilers 
thus it is important to evaluate the effects of such 
supplementation through some other indicators.

Key words: Propolis, Broilers feeding, Weight gain, Feed 
conversion, Blood.
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1. Introduction

High growth rate and feed efficiency are the two main 
goals in modern poultry production. Sub-therapeutic 
doses of antibiotics were often used in livestock 
breeding to achieve these goals as well as to improve 
animal health and also to control pathogens effectively. 
However, due to the negative effects of antibiotics, 
such as antibiotic resistance and the presence of 
antibiotic residues in the final product, the European 
Commission banned the use of antibiotics as growth 
agents in 2006 [1]. This situation motivated many 
researchers to investigate and look for alternatives 
to antibiotics, and to find new substances that have 
positive effects both on the growth of chickens and 
feed utilization. By doing so the researchers also try to 
please consumers’ increased demands for the usage 
of natural products as alternative additives in foods 
[2]. In that sense, research has been done on the 
use of probiotics, prebiotics, antioxidants, acidifiers, 
enzymes and various plant products as additives in 
broiler feeding and recently the propolis has also been 
considered as potential new additive [1, 3 - 5]. 

Propolis belongs to a group of natural substances 
of animal and vegetable origin with a particularly 
expressed antioxidant and antimicrobial properties 
[5, 6]. The bioactive components of propolis include 
flavonoids, phenolic acids and their derivatives which 
are also responsible for the bactericidal, antiviral, 
antifungal, analgesic, anti-inflammatory, antioxidant, 
immunostimulating and immunomodulating effects 
of these compounds in humans and animals [5 - 7]. 

In recent years there has been several studies 
that investigated the effect of propolis on broilers 
production indicators however the results of these 
studies are not unambiguous and there are still 
no recommendations on the quantities of these 
substances that would result in the best production 
results [1, 5, 8 - 10]. Furthermore, several studies 
investigated the influence of propolis on biochemical 
profile of broilers blood but the results of these studies 
are also ambiguous [3, 11 - 13]. 

The aim of this study was to determine the effect 
of propolis supplementation on weight gain, feed 
conversion and selected biochemical blood parameters 
of broilers.

2. Materials and Methods

All treatments, housing and animal care were carried 
out in accordance with the standards recommended by 
EU Directive 2010/63/EU for animal experiments. The 
experimental protocol was approved by the Committee 
for Animal welfare of the Faculty of Agrobiotechnical 
Sciences Osijek, Josip Juraj Strossmayer University of 
Osijek (Approval code: 602-04/19-01/04; 2158-94-02-19-05). 

2.1 Materials

The study included a total of 180 day-old chickens 
of the Ross 308 provenance. The fattening trial of 
the chickens was carried out on a family farm in 
Eastern Croatia under the supervision of the Division 
for Animal Production and Biotechnology, Faculty 
of Agrobiotechnical Sciences Osijek, Josip Juraj 
Strossmayer University of Osijek. Total of 180 chickens 
of the Ross 308 provenance, evenly distributed sexes, 
were randomly divided into 3 groups (60 chickens 
in each group), one of which was the control group 
(C) and the other two experimental groups (E1 and 
E2). During the study all the groups of chickens were 
fattened under the same conditions. Temperature, 
humidity and lighting in the facility were maintained 
within optimum limits according to the manufacturer’s 
recommendations for Ross 308 hybrid [14]. Fattening 
was conducted on the wooden sawdust, and lasted for 
6 weeks (42 days). During the study, feed and water 
were given to chickens’ ad libitum. From days 1 - 21 of 
the study chickens were fed a mixture of starter, and 
from days 22 - 42 of the study they were fed a finisher 
mixture. Throughout the study the control group (C) 
of chickens was fed a standard feed mixture without 
additives, while the experimental groups of chickens 
(E1 and E2) were fed feed mixtures containing propolis 
as follows: E1 group: feed mixture + 2 g of propolis/kg of 
feed mixture; E2 group: feed mixture + 4 g of propolis/
kg of feed mixture. Blending of propolis into the feed 
mixture was done in a vertical mixer (Briketstroj Ltd., 
Valpovo, Croatia).

2.2 Methods

Individual body weight (BW) of each broiler was 
measured on 1, 7, 14, 21, 28, 35, and 42 day of the 
feeding trial using an electronic scale Avery Berkel FX 
220. Based on the measured values the average value 
of body weight of broilers from all the groups has been 
calculated, while difference between body weights 
was used for the calculation of weight gains (WG). 
During the trial, feed consumption (FC) was recorded 
in weekly intervals for each group of broilers. Based on 
the total amount of consumed feed and overall weight 
gain, feed conversion ratio (FCR) was calculated for 
each week. 

Blood sampling was performed on day 42 of the 
study, on randomly selected chickens (14 birds 
from each group). Blood sampling was performed 
by wing vein puncture (lat. v. cutanea ulnaris) with 
direct needle injection coupled with a test tube 
under vacuum. The collected blood samples were 
analyzed for the following biochemical parameters 
(Fe, Ca, Na, P, Mg, K, Cl, cholesterol, HDL cholesterol, 
LDL cholesterol, triglyceride, glucose, total proteins, 
globulins and albumins). In chickens’ blood sera the 
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values of the following parameters were determined: 
iron (Fe, μmol/L); calcium (Ca, mmol/L); sodium (Na, 
mmol/L); phosphorus (P, mmol/L); magnesium (Mg, 
mmol/L); potassium (K, mmol/L); chloride (Cl, mmol/L); 
cholesterol (CHOL, mmol/L); HDL cholesterol (HDL, 
mmol/L); LDL cholesterol (LDL, mmol/L); triglycerides 
(TRG, mmol/L); glucose (GLUC, mmol/L); total proteins 
(TP, g/L); globulins (GLO, g/L) and albumins (ALB, 
g/L). The values of the above mentioned biochemical 
parameters were determined using Olympus AU 680 
automatic analyzer (Olympus Life Science Research 
Europa GmbH, Germany). Laboratory analyses of all the 
above mentioned blood parameters were performed 
at the Department of Clinical Laboratory Diagnostics, 
University Hospital Centre Osijek. 

Upon confirming normality of data distribution by 
Shapiro-Wilkinson test, all data were processed by 
the methods of descriptive statistics. The numerical 
variables were described as mean and standard 
deviation. The ANOVA and Kruskal-Wallis test were used 
for the comparison of numerical variables among the 
groups. On all statistical analyses, two-sided p-values 
of 0.05 and lesser ones were considered significant. 
Statistical analysis was done using statistical package 
Statistica for Windows 2010 (version 10.0, StatSoft Inc., 
Tulsa, OK). 

3. Results and Discussion

The average values of the calculated weight gains 
of broilers from all the groups by the feeding period 
are shown in Table 1. Statistical analysis has shown 
that there were no statistically significant differences 
in average weight gain of broilers between the 
experimental groups and the control group on the 1 

(p = 0.547), 2 (p = 0.464), 3 (p = 0.792), 4 (p = 0.426), 5 
(p = 0.925) and 6 (p = 0.971) week of the feeding trial.

These results are opposite to the results of the study 
by Klaric et al., Abou-Zeid et al., Prakatur et al., Tekeli et 
al., Seven et al., Khojasteh and Shivazad, and Shaddel-

Tili et al., [1, 4, 5, 11, 15 - 17], who have all determined 
positive effect of propolis on weight gain of broilers. 
However, the results of this study are consistent with 
the results of the study by Kleczek et al., and Gheisari et 
al., who found that there was no statistically significant 
difference in weight gain between experimental 
groups of chickens fed with the addition of propolis 
and control group of chickens [10, 18]. Furthermore, 
study by Abbas found out that there was statistically 
significant difference in weight gain between chickens 
fed with the addition of 0.5 and 1.5 g of propolis per 
kg of feed and control group of chickens while there 
was no statistically significant difference in weight 
gain between chickens fed with the addition of 2.5 g of 
propolis per kg of feed and control group of chickens 
[19]. The latter result is in concordance with the results 
of this study. 

The values of weekly feed conversion for all broiler 
groups are shown in Figure 1. Statistical analysis 
has shown that there was no statistically significant 
difference in values of weekly feed conversion between 
the experimental groups and the control group of 
chickens on any week of the feeding trial (p = 0.368). 

Table 1. Weekly weight gains of broilers (g)

Weeks

Group of broilers
x̄ ± s

p
C E1 E2

1st 107.58 ± 13.93 110.25 ± 13.29 107.98 ± 14.95 **0.547
2nd 246.55 ± 49.22 237.28 ± 44.06 246.43 ± 47.31  *0.464
3rd 365.28 ± 106.37 352.80 ± 109.52 354.45 ± 110.32  *0.792
4th 460.52 ± 179.66 417.82 ± 197.53 433.10 ± 164.26  *0.426
5th 489.72 ± 222.36 496.62 ± 275.52 476.30 ± 268.34 **0.925
6th 597.70 ± 333.56 599.07 ± 394.93 584.88 ± 337.18  *0.971

Legend: *ANOVA; **Kruskal-Wallis test. x̄ = mean; s = standard deviation; C = control group; E1= feed mixture + 2.00 g of propolis/kg of feed 
mixture; E2 = feed mixture + 4.00 g of propolis/kg of feed mixture.

Figure 1. Feed conversion for all broiler groups 
according to the week of the feeding trial 

(Kruskal-Wallis test; p = 0.368) 

C = control group; E1 = feed mixture + 2 g of propolis/kg 
of feed mixture; E2 = feed mixture + 4 g of propolis/kg of 

feed mixture
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When analyzing feed conversion ratio according to the 
group of broilers the results of this study are consistent 
with the results of the study by Prakatur et al., and 
Angelovicova et al., [5, 20], and are opposite to the 
results of the study by Tekeli et al., and Seven et al., [11, 15].

The values of the investigated biochemical parameters 
in chickens’ blood on the 42 day of the fattening 
period according to the particular group of chickens 
are shown in Table 2. The study revealed that there 
were statistically significant differences in Na levels (p 
= 0.039) and Ca levels (p = 0.045), while there were no 
statistically significant differences in HDL cholesterol 
(p = 0.719), LDL cholesterol (p = 0.382), cholesterol 
(p = 0.462), triglycerides (p = 0.481), total proteins (p 
= 0.249), albumins (p = 0.661), globulins (p = 0.058), 
glucose (p = 0.179), Fe (p = 0.068), Mg (p = 0.557), K (p = 
0.590), P (p = 0.397), and Cl (p = 0.128) levels between 
the control group and experimental groups. 

The present study showed that there were statistically 
significant differences in Na and Ca levels between 
experimental groups and control group of chickens 
while there were no statistically significant differences 
in any of other investigated biochemical parameters 
on the 42 day of fattening. Considering the values 
of blood glucose, this study showed that there were 
no statistically significant differences between the 
experimental groups and control group of chickens 
which is in concordance with the results of the study 
done by Tekeli et al., [11]. In their study, Klaric et 
al., showed that there was a statistically significant 
difference in blood values of glucose, cholesterol, 
total proteins, globulins, albumins, Na and K while 
there was no statistically significant difference in 
values of triglycerides, Ca, P, Mg, Fe and Cl between 

the groups of chickens on the 42 day of the fattening 
period which is partially consistent with the results of 
present study [13]. The results of this study are also 
partially consistent with the results of the study done 
by Petruska et al., who reported that chickens fed 
with the addition of propolis had on the42nd day of 
fattening a significantly lower level of P and Mg in the 
blood in comparison with the chickens of the control 
group, while feeding with the addition of propolis did 
not affect the value of Na, K, Cl and Ca in the blood of 
chickens [21]. In the study done by Attia et al., [3], the 
authors had found that chickens in the experimental 
group fed with the addition of propolis and/or bee 
pollen had on the 35 day of fattening significantly 
lower cholesterol and triglyceride levels compared 
to the control group of chickens. These results are 
opposite to the results obtained in present study that 
did not determine such differences. Like the present 
study, the study done by Gheisari et al., also did not 
find the statistically significant differences between 
the experimental groups and control group of chickens 
in blood values of cholesterol, HDL cholesterol, LDL 
cholesterol and triglycerides [18]. In study done by 
Abbas it was showed that chicks fed 2.5 g/kg propolis 
had statistically significant reduction in total serum 
protein and albumin while increases in cholesterol and 
glucose levels as compared with the control group 
which was not confirmed in the present study [19]. 

All results of the present study points to the conclusion 
that there is a limit to which the addition of propolis 
has a positive effect on production performance and 
that the use of propolis in quantities above that limit 
will no longer have a positive effect on weight gain 
and growth of chickens. Bearing in mind that propolis 

Table 2. Biochemical parameters in chickens’ blood on the 42 day of the fattening period

Parameters
Group of chickens

x̄ ± s p
C E1 E2

GLUC (mmol/L) 14.02 ± 0.80 14.43 ± 0.75 14.51 ± 0.61  *0.179
CHOL (mmol/L) 2.90 ± 0.49 3.00 ± 0.33 2.82 ± 0.28  *0.462
TRG (mmol/L) 0.71 ± 0.22 0.79 ± 0.14 0.72 ± 0.17  *0.481
HDL (mmol/L) 2.03 ± 0.25 2.09 ± 0.21 2.02 ± 0.19  *0.719
LDL (mmol/L) 0.55 ± 0.22 0.55 ± 0.16 0.47 ± 0.13 **0.382
TP (g/L) 26.54 ± 3.32 25.20 ± 1.82 24.67 ± 2.09 **0.249
GLO (g/L) 16.77 ± 2.40 15.76 ± 1.08 15.15 ± 1.33 **0.058
ALB (g/L) 9.76 ± 1.04 9.44 ± 0.98 9.52 ± 0.94  *0.661
Fe (µmol/L) 13.06 ± 2.17 14.59 ± 1.50 12.74 ± 2.68  *0.068
Ca (mmol/L) 2.54 ± 0.09 2.50 ± 0.07 2.46 ± 0.09  *0.045
Na (mmol/L) 156.14 ± 2.68 154.29 ± 1.64 153.50 ± 2.88 **0.039
P (mmol/L) 2.14 ± 0.31 2.05 ± 0.13 2.03 ± 0.18  *0.397
Mg (mmol/L) 0.88 ± 0.05 0.90 ± 0.04 0.88 ± 0.05  *0.557
K (mmol/L) 6.01 ± 0.74 6.06 ± 0.39 5.86 ± 0.39  *0.590
Cl (mmol/L) 113.64 ± 2.17 113.14 ± 1.29 114.64 ± 1.69 **0.128

Legend: *ANOVA; **Kruskal-Wallis test. x̄ = mean; s = standard deviation; C = control group; E1= feed mixture + 2.00 g of propolis/kg of feed 
mixture; E2 = feed mixture + 4.00 g of propolis/kg of feed mixture.
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is rich in antioxidant substances such as flavonoids, 
phenols and its derivatives it is possible that extremely 
large amount of these substances lead to the side 
effects that are manifested themselves in the absence 
of positive influence of added propolis (in amounts of 
2 and 4 g per kg of feed) on production parameters of 
chickens, as it had been showed in research with royal 
jelly on other animal species [22, 23]. The mechanism of 
this side effect is based on the fact that uncontrollably 
high intake of antioxidants disrupts the redox balance 
between processes of oxidation and reduction and 
induces reductive stress that is, changing the body’s 
reduction levels into an extremely reduced state, 
which can cause serious changes in cellular functions 
and lead to pathological mechanisms to the same way 
as well as increased oxidative stress [24]. 
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4. Conclusions

-  Following the results of this study it can be 
concluded that applied doses of propolis did not 
affect the observed performance indicators and 
selected biochemical blood parameters of broilers 
thus it is important to evaluate the effects of such 
supplementation through some other indicators. 

-  Further studies are needed to better understand 
underlying mechanisms which determined the 
effects of propolis supplementation on performance 
indicators and biochemical blood parameters in broiler 
chickens. 

5. References
[1] Klarić I., Domaćinović M., Šerić V., Miškulin I., Pavić M., 

Paradinović K. (201[1]). Effects of bee pollen and propolis 
on performance, mortality, and some haematological 
blood parameters in broiler chickens. Slovenian 
Veterinary Research, 55, (1), pp. 23-34. 

[2] Kahraman T., Issa G., Altunatmaz S. S., Kahraman B. 
B., Aksu F., Aydin A., Aksu H. (2016). Effects of Oregano 
essential oil, grapefruit seed extract and their combination 
on the growth and survival of Salmonella typhimurium 
and Listeria monocytogenes in poultry fillets under 
modified atmosphere packaging. Slovenian Veterinary 
Research, 53, (1), pp. 5-12. 

[3] Attia Y. A., Abd Al-Hamid A. E., Ibrahim M. S., Al-Harthi 
M. A., Bovera F., Elnaggar A. S. (2014). Productive 
performance, biochemical and hematological traits 

of broiler chickens supplemented with propolis, bee 
pollen, and mannan oligosaccharides continuously or 
intermittently. Livestock Science, 164, pp. 87-95. 

[4] Abou-Zeid A. E., El-Damarawy S. Z., Mariey Y. A., El-Kasass 
S. M. (2015). Effect of dietary propolis supplementation 
on performance and activity of antioxidant enzymes 
in broiler chickens. Egyptian Journal of Nutrition and 
Feeds, 18, (2), pp. 391-400. 

[5] Prakatur I., Miškulin I., Galović D., Steiner Z., Lachner B., 
Domaćinović M. (2019). Performance indicators of broilers 
fed propolis and bee pollen additive. Poljoprivreda, 25, 
(1), pp. 69-75. 

[6] Babaei S., Rahimi S., Torshizi M. A. K., Tahmasebi G., 
Miran S. N. K. (2016). Effects of propolis, royal jelly, honey 
and bee pollen on growth performance and immune 
system of Japanese quails. Veterinary Research Forum, 7, 
(1), pp. 13-20. 

[7] Prakatur I., Miskulin M., Pavic M., Marjanovic K., 
Blazicevic V., Miskulin I., Domacinovic M. (2019). 
Intestinal Morphology in Broiler Chickens Supplemented 
with Propolis and Bee Pollen. Animals, 9, (6), pp. 301. 

[8] Eyng C., Murakami A. E., Duarte C. R. A., Santos T. C. 
(2014). Effect of dietary supplementation with an ethanolic 
extract of propolis on broiler intestinal morphology and 
digestive enzyme activity. Journal of Animal Physiology 
and Animal Nutrition, 98, (2), pp. 393-401. 

[9] Hascik P., Elimam I.O., Krocko M., Bobko M., Kacaniova 
M., Garlik J., Simko M., Saleh A. A. (2015). The influence 
of propolis as supplement diet on broiler meat growth 
performance, carcass body weight, chemical composition 
and lipid oxidation stability. Acta Universitatis 
Agriculturae et Silviculturae Mendelianae Brunensis, 
63, (2), pp. 411-418. 

[10] Kleczek K., Wilkiewicz-Wawro E., Wawro K., Makowski 
W., Murawska D., Wawro M. (2014). The effect of dietary 
propolis supplementation on the growth performance of 
broiler chickens. Polish Journal of Natural Sciences, 29, 
(2), pp. 105-117. 

[11] Tekeli A., Kutlu H. R., Celik L. (2011). Effects of Z. officinale 
and propolis extracts on the performance, carcass 
and some blood parameters of broiler chicks. Current 
Research in Poultry Science, 1, (1), pp. 12-23. 

[12] Petruska P., Tusimova E., Kalafova A., Hascik P., Kolesarova 
A., Capcarova M. (2012). Effect of propolis in chicken diet 
on selected parameters of mineral profile. Journal of 
Microbiology, Biotechnology and Food Science, 1, (4), 
pp. 593-600. 

[13] Klaric I., Miskulin I., Seric V., Dumic A., Jonjic J., Miskulin 
M. (2018). The effects of propolis and bee pollen 
supplementation on biochemical blood parameters of 
broilers. Acta Veterinaria - Beograd, 68, (2), pp. 190-200. 

[14] Aviagen. (2016). Ross 308 European Parent Stock: 
Performance Objectives. Aviagen Group, Huntsville, USA.
<URL:  http://eu.aviagen.com/assets/Tech_Center/Ross 
_PS//308SF-PS-EU-PO-EN-16.pdf. Accessed 13 March 
2020. 

[15] Seven T. P., Seven I., Yilmaz M., Simsek U. G. (2008). 
The effects of Turkish propolis on growth and carcass 
characteristics in broilers under heat stress. Animal Feed 
Science and Technology, 146, (1-2), pp. 137-148. 



Journal of Hygienic Engineering and Design

143

[16] Khojasteh S. S., Shivazad M. (2006). The effect of 
diet propolis supplementation on Ross broiler chicks 
performance. International Journal of Poultry Science, 
5, (1), pp. 84-88. 

[17] Shaddel-Tili A., Eshratkhah B., Kouzehgari H., Ghasemi-
Sadabadi M. (2017). The effect of different levels of propolis 
in diets on performance, gastrointestinal morphology and 
some blood parameters in broiler chickens. Bulgarian 
Journal of Veterinary Medicine, 20, (3), pp. 215-224. 

[18] Gheisari A., Shahrvand S., Landy N. (2017). Effect 
of ethanolic extract of propolis as an alternative to 
antibiotics as a growth promoter on broiler performance, 
serum biochemistry, and immune responses. Veterinary 
World, 10, (2), pp. 249-254. 

[19] Abbas R. J. (2014). Effect of dietary supplementation 
with differing levels of propolis on productivity and blood 
parameters in broiler chicks. Basrah Journal of Veterinary 
Research, 13, (2), pp. 164-179. 

[20] Angelovicova M., Stofan D., Mocar K., Liptaiova D. (2010). 
Biological effects of oilseed rape bee pollen and broiler’s 
chickens performance. In: International Conference on 
Food Innovation, FoodInnova Proceedings, Valencia, 
Spain, pp. 246-247. 

[21] Petruska P., Tusimova E., Kalafova A., Hascik P., Kolesarova 
A., Capcarova M. (2012). Effect of propolis in chicken diet 
on selected parameters of mineral profile. Journal of 
Microbiology, Biotechnology and Food Sciences, 1, (4), 
593-600. 

[22] Miškulin M., Prakatur I., Miškulin I., Galović D., Samac 
D., Domaćinović M. (2019). Usage of propolis in chicken 
feeding: Is there potential for creation of functional food? 
Food in Health and Disease, 8, (11), pp. 89-96. 

[23] Kunugi H., Mohammed A. A. (2019). Royal Jelly and Its 
Components Promote Healthy Aging and Longevity: From 
Animal Models to Humans. International Journal of 
Molecular Sciences, 20, (19), pp. 4662. 

[24] Henkel R., Sandhu I. S., Agarwal A. (2019). The excessive 
use of antioxidant therapy: A possible cause of male 
infertility? Andrologia, 51, (1), pp. 13162. 


