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Abstract: This study was conducted to investigate the effects of calorie restriction and dietary bee products (apilarnil plus
royal jelly) supplementation on reproductive and oxidative responses and to determine the possibilities that these treatments
may be used in retarding the reproductive ageing of broiler breeder males. At 52 weeks of age, broiler breeder males were
assigned to four treatment groups. The control group was fed on restricted feed as recommended by the breeder company
throughout the study; the ad libitum group was fed ad libitum for a four-week period; the bee products group was fed similar
to the control group except that their diet was supplemented with apilarnil and royal jelly for a four-week period and in the last
group calorie restriction (45 % of standard diet) was applied for a four-week period. After a four-week adaptation period, the
experiment was continued for 18 weeks. The results obtained in the present study have demonstrated that the percentage of
dead sperm was the most affected semen characteristic by reproductive ageing. Long-term moderate feed restriction could
not prevent age-related declines in sperm production. Dietary bee products supplementation or calorie restriction for a four-
week period positively affected the semen characteristics, and these beneficial effects could be maintained to some extend
up until 72 weeks of age. Calorie restriction enhanced antioxidant defence for the first four-week period; however, this benefi-
cial effect could not be sustained until the end of the experiment.
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production and by a decrease in motility and viability
of spermatozoa (3, 4, 5). In contrast, the demand
for spermatozoa increases with ageing because of
the changes in the oviduct conditions, especially in

Introduction

Although domestic roosters may live for more
than 10 years, the fertility of commercial breeder

strains declines during the last phase of their
reproductive life, so they are kept for a much shorter
period. Commercial broiler breeders have a relatively
shorter reproductive life span, and their reproductive
performance decreases, particularly after 45 weeks
of age (1, 2). Therefore it is recommended to keep
broiler breeder flocks in production until 61 to 64
weeks of age. The decline of fertility in ageing roosters
was accompanied by a reduction in spermatozoa
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sperm storage tubules (6, 7). Therefore, one of the
most important goals in the poultry industry is to
extend the reproductive life span and retard signs
of reproductive senescence, both in terms of animal
welfare and production costs.

Calorie restriction (CR) has been shown to
extend the life span and retard the onset of many
age-related disorders in a variety of animal models
(8, 9, 10). Short-term calorie or food restriction
has been routinely used by the poultry industry
for many years to extend the reproductive life span
and delay the maturation of laying hens (11, 12).
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However, it has been suggested that severe CR
caused a significant decrease both in testis weight
and in plasma testosterone levels and an increase
in plasma corticosterone levels (13, 14).

The cumulative oxidative damage to macromol-
ecules caused by reactive oxygen species (ROS) is
considered to be related to cellular senescence, life
span, and fitness (15, 16). It is suggested that in
avian cells the accumulation of ROS-induced dam-
age would be slower due to lower ROS production,
better resistance to oxidative stress, enhanced an-
tioxidant capacity, and better DNA repair (16, 17,
18). If ageing is caused by ROS as described by
the free radical theory or oxidative damage theory
of ageing, supplementation of exogenous antioxi-
dants may enhance the antioxidant defence capac-
ity, slow down ageing, and prolong the reproduc-
tive life span.

Sperm membranes have a higher content of
PUFAs (polyunsaturated fatty acids); therefore,
they are more susceptible to oxidative damage.
Oxidative stress may be reduced by antioxidant
supplementation of broiler breeder diets (19).

Therefore, in this study, the natural bee products
apilarnil and royal jelly have been used to retard
the ageing process because of their antioxidant
and antiaging activities.

Royal Jelly (RJ) is a functional food secreted
by the hypopharyngeal and mandibular glands of
worker bees. RJ has many properties, including
antitumor, antibacterial, antioxidant, antiaging,
hypotensive, growth-stimulating, and anti-
inflammatory activities (20). It is believed that
RJ can prolong life span because it prolongs the
longevity of queens comparing to worker bees. In
a mice model study, it is suggested that a 16-week
RJ supplementation prolonged the average life
span protecting the DNA and lowering oxidative
stress (21).

Apilarnil is mainly a drone larvae extract that
also contains small amounts of royal jelly, bee
bread, honey, and propolis. Apilarnil has many
pharmacological activities, such as anabolism
stimulator, antiviral, immunomodulator, bio-
stimulator (22, 23). Additionally, because it
comes from a “male-like” structure, apilarnil is
very rich in male-like hormones, so it stimulates
the spermatogenesis (22, 24) and regulates the
human endocrine system (25, 26, 27). It also has
high levels of 10-HDA (10-hydroxy-2-decenoic
acid), and many vitamins and minerals (27, 28)
affecting antioxidant capacity. (29) reported that

both the total antioxidant potential and activity of
capturing the free radicals of RJ and drone larvae
are sufficiently high, and their combination leads
to extremely valuable products.

The present study was conducted to determine
the possibilities that calorie restriction or dietary
apilarnil and royal jelly supplementation may be
used in retarding the reproductive ageing of broiler
breeder males. We evaluated the effects of those
dietary manipulations on the aging of roosters by
quantifying lipid peroxidation, some antioxidant
activities, and semen quality parameters. Moreover,
these age-related parameters were compared with
those of the ad Ilibitum feeding group.

Materials and methods

The ethical committee approval of Ege University
(2011-092) was granted in order to conduct this
study.

Experimental design and diets

A total of 160 broiler breeder males (Ross
308) at 52 weeks of age were used in the present
study. Males were identified with a leg tag and
randomly assigned to 4 treatment groups with four
replications. The treatments were 1) males were fed
a restricted feed (135 g/day) as recommended by the
breeder company (Control-CONT); 2) males were fed
ad libitum for a four-week experimental period (Ad
libitum-ADL), 3) males were fed similar to the CONT
group except that diet was supplemented with bee
products (apilarnil 5 g/d/male and royal jelly 200
mg/d/male) (Bee products-BP); 4) calorie restriction
was applied at about 45 % of the standard diet for a
four-week experimental period (Calorie restriction-
CR). After a four-week adaptation period, the
experiment was continued for 18 weeks. Males were
placed in floor pens and fed a standard diet (Table 1)
except for the four-week experimental period.

1: Allzyme SSF, Aspergillus niger (CBS 114.94)
amylase, cellulase, phytase, xylanase, beta-
glucanase, pectinase, protease.

2: 2 kg mineral mixture, antioxidant, 125.000
mg; copper, 10.000 mg; calcium D pantothenat,
15.000 mg; zinc, 100.000 mg; D-Biotin, 250 mg;
iron, 60.000 mg; folic acid, 2.000 mg; iodine,
2.000 mg; cobalt, 500 mg; manganese, 80.000 mg;
niacin, 55.000 mg; selenium, 250 mg.

3: 1 kgvitamin mixture, retinol-acetate, 13.000.000
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IU; thiamine, 3.000 mg; cyanocobolamin, 40 mg;
riboflavin, 12.000 mg; pyridoxine, 4.500 mg;
cholecalciferol, 3.000.000 IU; a-tocopherol acetate,
100.000 mg; menadione, 5.000 mg.

4: Toxin binder, probiyotic, vitamin D,

Table 1: Nutrient composition and analysis of standard
and calorie restriction diets (g/kg)

Ingredients Standard diet (g/kg)
Corn 748.49
Full fat soybean 40.00
Soybean cake 12.42
Sunflower cake 148.76
Acid oil 10.00
Limestone 23.53
MCP-22.7 4.28
Sodium sulphate 1.21
Salt 2.40
DL-Methionine 0.89
Vitamin C 0.20
L-Lysine sulphate 0.32
Colin chloride liquid 0.50
Enzyme mixture! 0.20
Trace Mineral mixture? 0.50
Vitamin mixture® 2.00
Other additives* 4.80
Analysed composition (g/kg)
Dry matter 875.70
Crude protein 133.40
Crude fat 50.00
Crude fibre 50.70
Crude ash 56.60
ME (MJ kg') 12.01

Sample collection and analysis

Blood samples for biochemical analysis were
collected from 10 males of each treatment group
at the 4%, 8" and 18% weeks of the trial. Lipid
peroxidation (LPO) was ascertained by the
formation of malondialdehyde (MDA), which was
estimated using the thiobarbituric acid (TBARS)
method (30). Superoxide dismutase (SOD)
activity was determined using the commercially
available enzyme kit (Ransod, RANDOX/SD-125).
Glutathione peroxidase (GSH-Px) activity was
determined using a Ransel kit (RANDOX/RS-504).
The Randox Uric Acid (UA) Enzymatic Colorimetric
method kit was used for uric acid analysis. Total

antioxidant capacity (TAC) was measured using an
Abbott Architect Analyzer commercial kit (Abbott
Lab. Illinois, USA).

Semen collection and evaluation

Semen samples were collected using the abdominal
massage technique (at 24, 6%, 10%, and 16™ weeks
of trial) and evaluated in 20 minutes using Sperm
Vision System (Minittib Abftill und Labortechnik
Gmbh&Co0.KG). Semen volume, motility (%), dead
sperm (%), progressive motility (%) were determined

in each semen sample.

Statistical analysis

The data were analysed using a one-way analysis
of variance (ANOVA) with the General Linear Models
(GLM) procedure of the SAS software (31). Significant
differences between groups were determined by
Student’s t-test. Differences were considered to be
significant at P<0.05 and the results were presented
as the mean and standard error of the mean (SEM).

Results and discussion

The effects of dietary manipulations on semen
quality parameters are presented in Table 2. As
seen prior to treatments, there were no significant
differences among groups for semen quality
parameters. Dietary treatments caused dramatic
changes in all semen parameters throughout
the experimental period. At the 2" week, BP
supplementation positively affected semen quality.
These males had the highest progressive sperm
motility and semen volume. However, CR treatment
adversely affected semen quality. Lower semen
volume, lower sperm motility and higher dead
sperm were observed in CR males compared to
the other groups. After a four-week CR period, the
detrimental effects of CR on semen production were
gradually alleviated by increasing feed allocation.
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Table 2: Semen quality characteristics in broiler breeder males during the experimental period (+SEM)
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At the end of the experiment (16" week), all
semen quality parameters of CR and BP males were
significantly better than those of CONT and ADL.
Semen volume was higher in ADL males than that
of CONT, and there were significant differences
in sperm motility and dead sperm between these
groups.

The semen characteristics significantly changed
throughout the experimental period (Table 2). The
percentage dead sperm of ADL males markedly
increased from 2.07 % at the beginning to
20.46 % on the 16th week of the experiment.
Similarly, in CONT males, the percentage of dead
sperm increased from 2.13 % to 16.92 % during the
experimental period. At the end of the experiment,
a 13-fold increase in percentage dead sperm of ADL
males occurred in comparison with the BP males.
It is noteworthy that dead sperm (%) was one of
the semen characteristics most affected by age and
dietary treatments.

At the end of the experiment, the ADL, BP, and
CR males maintained semen volume similar to
those observed at the beginning of the experiment
while long-term restricted males (CONT) produced
lower semen volume than the other groups did.

The results of the present study showed that
sperm motility and progressive sperm motility
significantly = decreased while dead sperm
dramatically increased in CONT males during
the experimental period. These data imply that
long-term feed restriction (135 g/d) recommended
by the breeder company for males could not
prevent age-related declines in semen production.
Although during CR treatment period, all semen
quality parameters were adversely affected, calorie
restriction at 45 % of the standard diet for weeks
retarded onset of age-related decline in semen
quality. The effect of CR treatment observed in
the present study was in agreement with previous
studies reporting inadequate ME intake could
be detrimental to semen production (4, 32, 33)
and these detrimental effects could be revised by
increasing male feed allocation (34, 35).

(36) suggested that there were no significant

differences in sperm production, semen volume
or sperm concentration between full-fed and feed
restricted males. Moreover, they reported that while
overfeeding might assist a male in semen production
for the short-term, the long-term effects of being
over-weight are negative ones. In agreement with
these findings, we obtained no significant differences
in sperm motility and dead sperm between ADL and
CONT males, but semen volume was higher in ADL
males.

In the BP group, progressive motile sperm
significantly increased while there were no negative
changes in the other semen characteristics at the
end of the experiment compared to the pretreatment
period, suggesting that age-related declines in
semen production could be alleviated with dietary
BP supplementation. Congruent with these results,
it was reported that RJ administration caused an
increase in sperm production, sperm motility, and
higher testosterone levels in lab animals (37, 38,
39). (40) suggested that the androgenic effect of
apilarnil on chickens was higher than its anabolic
effect. Supporting this report, (41) obtained that
apilarnil administration at an early age increased
testicular weights and testosterone production and
stimulated comb growth in broiler males. (42) also
reported that RJ administration has a positive effect
on libido, semen quality, sperm output, testosterone
level, and fertility of heat-stressed male rabbits.
Controversially, (43) suggested that high dose RJ
(800 mg/kg) administration for four weeks adversely
affected the reproductive system of pubescent male
rats, but these detrimental effects are alleviated to
some extend by the cessation of RJ.

The effects of dietary manipulation on some
antioxidant activities and MDA levels are presented
in Table 3. On the 4™ week, dietary treatment
significantly affected TAC and UA levels, but no
significant effects were observed in MDA, SOD,
and GSH-Px levels. The TAC and UA levels were
significantly higher in the CR group than in
others. At the end of the experiment, there were no
significant differences in antioxidant capacity and
MDA levels among the treatment groups.
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Table 3: Some biochemical parameters of broiler breeder males during the experimental period (tSEM)

4 wk
GROUP ( mlgjde) ( mfn%?m (%O/B G(%I}LI)DX MDA (umol/L)
CONTROL 10.1841.09°  0.76£0.00" 1.27+0.26 22983.17+1710.69 1.92+0.10
ADL 7.20+1.02b 0.78+0.14 1.59+0.18 23553.67+2851.07 1.87+0.19
BP 10.28+1.24° 1.04+0.14 1.62+0.24 28788.20£3675.19 1.72+0.24
CR 25.38+1.58¢ 1.62+0.07 1.42+0.20 20808.80+3371.93 2.02+0.37
Probability wex e NS NS NS
8 wk
CONTROL 9.80+0.99 0.78+0.05 1.70+0.08  24845.67+2707.96ab 0.58+0.83
ADL 7.94+1.12 0.96+0.10 1.57+0.16 30443.83£2994.62° 2.62+0.49
BP 8.56+1.18 1.08£0.26 1.25+0.17 19736.00+910.62° 1.58+0.19
CR 8.98+0.99 0.97+0.12 1.41:0.21 18596.001869.43 1.22:0.16
Probability NS NS NS *x NS
18 wk
CONTROL 7.30£0.50 0.74+0.07 1.16:0.38 28829.17+4625.01 1.88+0.17
ADL 8.14+0.84 0.89+0.11 1.64+0.21 28227.33+1525.50 2.37+0.65
BP 8.10+0.87 0.77+0.00 1.54+0.17 24122.00£2406.23 3.40+1.21
CR 8.33+1.08 0.81+0.08 1.66£0.15 29366.00£6130.38 1.14:0.21
Probability NS NS NS NS NS

@ Meansvalues within the same column sharing a common superscript letter are not statistically different at P<0.05.
*: P<0.05; **: P<0.01; ***: P<0.0001; NS: Not Significant (P>0.05). ADL: Ad libitum; BP: Bee Products; CR: Calorie Restriction. UA: Uric Acid; TAC:
Total Antioxidant Capacity; SOD: Superoxide Dismutase; GSH-Px: Glutathione Peroxidase; MDA: Malondialdehyde.

Overexpression of antioxidant enzymes has
been considered to be a protective response to
oxidative stress (44, 45, 46). Therefore, both
increased antioxidant activity and no significant
increase in MDA level of CR males may be
interpreted as a protective response to LPO
damage. Supporting our results, previous studies
showed that in calorie-restricted animals, free
radical generation and LPO decreased (47, 48)
antioxidant defence capacity was enhanced (49),
DNA damage decreased (50), and the rate of
the ageing process was modulated by retarding
many age-related physiological declines (51). (52)
suggested that a-10 day fasting treatment can be
used to decrease oxidative stress-mediated injury
in aged hens without affecting the welfare of hens
from previous fasting experiments.

After a four-week treatment period, it was
observed no significant difference among
treatment groups in MDA levels and antioxidant
capacity except GSH-Px activity on the 8th week,
suggesting that all groups had similar LPO
responses and that there were no significant

differences in possible age-related oxidative stress.
It is reported that RJ has high antioxidant
activity and scavenging ability against free radical
(20, 29, 39). However, in the present study, BP
supplementation (royal jelly plus apilarnil) for a
four-week period could not enhance the antioxidant
capacity, indicating that the antioxidant
properties of these products were probably not
adequate to affect the oxidative status of males.
Supporting this result, (53) reported that RJ and
its bioactive component 10-HDA, did not scavenge
any ROS; dietary RJ might have protective effects
against tissue damage through other mechanisms
other than ROS scavenging. There was no report
focusing on the antioxidant effect of apilarnil in
poultry; therefore, the present results could not
be compared with other studies in the literature.
As a result, it was obtained that the ageing
effect was most pronounced in the percentage
of dead sperm, especially in males fed ad
libitum and restricted as recommended by the
breeder companies. Royal jelly plus apilarnil
supplementation or calorie restriction for a
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four-week period positively affected the semen
characteristics of broiler breeder males at 56
weeks of age, and these beneficial effects could
be maintained to some extent until 72 weeks of
age. Supporting these results, (54) determined
that antioxidant diet supplementation resulted in
a higher percentage of normal sperm cells in male
broiler breeders older than 50 weeks.

Calorie restriction has been enhanced
antioxidant defence for the first four-week period,
indicating a protective mechanism against
oxidative stress. However, after the calorie
restriction period, this positive effect could not be
sustained. A four-week calorie restriction period
may not be long enough to induce a long-lasting
oxidative response; a longer time may be required
to obtain long term antiaging and antioxidative
effects.

In conclusion, it seems to be possible that
dietary bee products supplementation or calorie
restriction can be used to slow down the rate of
the ageing process and extended reproductive life
span of broiler breeder males by retarding an age-
related decline in semen production. However, the
long-term moderate feed restriction recommended
by the breeder companies could not prevent age-
related decline in semen quality parameters.

Acknowledgements

The study was supported by The Scientific
& Technological Research Council of Turkey
(TUBITAK), Project No: 1110272 and Scientific
Research Projects Committee at Ege University,
Project No: 2011ZRF068.

The authors declare that they have no conflict
of interest.

References

1. Walsh TJ, Brake J. The effect of nutrient intake
during rearing of broiler breeder females on subse-
quent fertility. Poult Sci 1997; 76: 297-305.

2. Sarabia Fragoso J, Pizzaro Diaz M, Abad
Moreno JC, Casanovas Infesta P, Rodriguez-Bertos
A, Barger K. Relationships between fertility and some
parameters in male broiler breeders (body and tes-
ticular weight, histology and immunohistochemistry
of testes, spermatogenesis and hormonal levels). Re-
prod Domest Anim 2013; 48: 345-52.

3. Lake PE. Recent progress in poultry reproduc-

tion. World Poultry SciJ 1989; 45: 53-9.

4. Sexton KJ, Renden JA, Marple DN, Kempainen
RJ. Effects of ad libitum and restricted feeding on
semen quantity and quality, body composition, and
blood chemistry of caged broiler breeder males. Poult
Sci 1989; 68: 569-76.

5. Rosenstrauch A, Degen AA, Friedlander M. Sper-
matozoa retention by sertoli cells during the decline in
fertility in aging roosters. Biol Reprod 1994; 50: 129-
36.

6. Bakst MR, Wishart G, Brilland JP. Oviducal
sperm selection, transport, and storage in poultry.
Poult Sci Rev 1994; 5: 117-43.

7. Bramwell RK, McDaniel CD, Wilson JL, Howarth
B. Age effect of male and female broiler breeders on
sperm penetration of the perivitelline layer overlying
the germinal disc. Poult Sci 1996; 75: 755-62.

8. Cefalu WT, Bell-Farrow AD, Wang ZQ, et al. Ca-
loric restriction decreases age-dependent accumula-
tion of the glycoxidation products, N g(carboxymethyl)
lysine and pentosidine, in rat skin collagen. J Gerontol
A Biol Sci Med Sci 1995; 50: B337-41.

9. Sohal RS, Weindruch R. Oxidative stress, caloric
restriction, and aging. Science 1996; 273: 59-3.

10. Masoro EJ. Overview of caloric restriction and
ageing. Mech Ageing Dev 2005; 126: 913-22.

11. Walsh TJ, Brake J. Effects of feeding program
and crude protein intake during rearing on fertility of
broiler breeder females. Poult Sci 1999; 78: 827-32.

12. Bruggeman V, Onagbesan O, Ragot O, et
al. Feed allowance-genotype interactions in broiler
breeder hens. Poult Sci 2005; 84: 298-306.

13. Mobarak M. Effect of dietary-endocrine interac-
tions on reproduction in male japanese quails. Univer-
sity Maryland, USA, 1990. Ph.D. Thesis

14. Ottinger MA, Mobarak M, Abdelnabi M, Roth
G, Proudman J, Ingram DK. Effects of calorie restric-
tion on reproductive and adrenal systems in japanese
quail: are responses similar to mammals, particularly
primates? Mech Ageing Dev 2005; 126: 967-75.

15. Davies KJ. Oxidative stress: the paradox of
aerobic life. Biochem Soc Sympos 1995; 61: 1-31.

16. Perez-Campo R, Lopez-Torres M, Cadenas S,
Rojas C, Barja G. The rate of free radical production as
a determinant of the rate of aging: evidence from the
comparative approach. J Comp Physiol B 1998; 168:
149-58.

17. Herrero A, Barja G. H202 production of heart
mitochondria and aging rate are slower in canaries
and parakeets than in mice: sites of free radical gen-
eration and mechanisms involved. Mech Ageing Dev
1998; 103: 133-46.



156

C.S.Tugalay, O. Altan

18. Ogburn CE, Carlberg K, Ottinger MA, Hol-
mes DJ, Martin GM, Austad SN. Exceptional cel-
lular resistance to oxidative damage in long-lived
birds requires active gene expression. J Gerontol A
Biol Sci Med Sci 2001; 56: B468-74.

19. Surai PF. Fatty acid composition and an-
tioxidant protection of avian semen. In: Surai PF,
ed. Natural antioxidants in avian nutrition and re-
production. Nottingham : University Press, 2002:
391-435.

20. Nagai T, Inoue R. Preparation and the func-
tional properties of water extract and alkaline ex-
tract of royal jelly. Food Chem 2004; 84: 181-6.

21. Inoue S, Koya-Miyata S, Ushio S, Iwaki K,
Ikeda M, Kurimoto M. Royal jelly prolongs the life
span of C3H/HeJ mice: correlation with reduced
DNA damage. Exp Gerontol 2003; 38: 965-9.

22. Iliescu VN. Preparation based on medicinal
plants, bee product, apilarnil and pollen. Roma-
nian Apicola 1993; 1: 8.

23. Stangaciu S. Apitherapy course notes. Bu-
curesti-Romania : Constanta Apitherapy Research
Hospital, 1999. Sheet no: 286.

24. Constantin D. Rezultate obpinute in trata-
mentul cu apilarnil potent a tulburarilar de di-
namicamsexuale (in Romanian). Rom Apic 1989;
10: 21.

25. Budnikova N. Biologically active compounds
in drone brood. Pcelovodstvo 2009; 6: 54-6.

26. Mitrofanov D, Budnikova N, Burmistrova
L. Stability of hormone components in products
based on drone brood. In: 44th Apimondia Interna-
tional Apicultural Congress. Daejeon, 2015: 275.

27. Bogdanov S. Royal jelly, bee brood: compo-
sition, health, medicine: a review. In: Bee Product
Science 2016; http:/ /www.bee-hexagon.net/files/
file/fileE /Health /RJBookReview.pdf. Accessed 16
Dec 2018.

28. Burimistrova L. Physico-chemical and bio-
logical appreciation of drone brood: Ph.D. Thesis.
Ryazan : Medical University, Russia, 1999.

29. Abalaru C. Studies and research on bee
products with a view to their superior utilisation.
Ph.D. Thesis. Sibieu : Lucian Blaga University, Ro-
mania, 2014.

30. Yagi K. Assay for blood plasma or serum.
Method Enzymol 1984; 105: 328-31.

31. SAS Institute. SAS User’s Guide: Statistics,
Version 8.0 ed., 1999 (Cary, NC, SAS Institute Inc).

32. Sexton KJ, Renden JA, Marple DN, Kem-
painen RJ. Effects of dietary energy on semen pro-
duction, fertility, plasma testosterone and carcass

composition of broiler breeder males in cages. Poult
Sci 1989; 68: 1688-94.

33. Romero-Sanchez H, Plumstead PW, Brake
J. Feeding broiler breeder males. 1. Effect of feed-
ing program and dietary crude protein during rear-
ing on body weight and fertility. Poult Sci 2007; 86:
168-74.

34. Romero-Sanchez H, Brake J. Effect of feed
allocation program during the rearing and early
production on body weight and fertility of broiler
breeder males. Poult Sci, 2005; 84(Suppl 1): 28.

35. Romero-Sanchez H, Plumstead PW, Brake J.
Feeding broiler breeder males. 3. Effect of feed al-
location program from sixteen to twenty-six weeks
and subsequent feed increments during the pro-
duction period on body weight and fertility. Poult
Sci 2007; 86: 775-81.

36. Robinson FE, Wilson JL. Reproductive fail-
ure in over weight male and female broiler breed-
ers. Anim Feed Sci Tech 1996; 58: 143-50.

37. Kohguchi M, Inove S, Ushio S, Iwaki K, Ik-
eda M, Kurimato M. Effect of royal jelly diet on the
testicular function of hamsters. Food Sci Technol
Res 2004; 10: 420-3.

38. Karacal F, Aral F. Effect of the royal jelly
on sperm quality in mice. Indian Vet J 2008; 85:
331-2.

39. Zahmatkesh E, Najafi G, Nejati V, Heidari R.
Protective effect of royal jelly on the sperm param-
eters and testosterone level and lipid peroxidation
in adult mice treated with oxymetholone. Avicenna
J Phytomed 2014; 4: 43-52.

40. Yucel B, Acikgo6z Z, Bayraktar H, Seremet C.
The effect of apilarnil (Drone bee larvae) adminis-
tration on growth performance and secondary sex
characteristics of male broilers. J Anim Vet Adv
2011; 10: 2263-6.

41. Altan O, Yticel, B, Acikgdz Z, et al. Apilarnil
reduces fear and advances sexual devolopment in
male broilers but has no effect on growth. Br Poult
Sci 2013; 54: 355-61.

42. El-Hanoun AM, Elkomy AE, Fares WA,
Shahien EH. Impact of royal jelly to improve repro-
ductive performance of male rabbit under hot sum-
mer conditions. World Rabbit Sci 2014; 22: 241-8.

43. Yang A, Zhou M, Zhang L, et al. Influence of
royal jelly on the reproductive function of puberty
male rats. Food Chem Toxicol 2012; 50: 1834—40.

44. Devi GS, Prasad MH, Saraswathi I, Raghu
D, Rao DN, Reddy PP. Free radicals, antioxidant
enzymes and lipid peroxidation in different types of
leukemias. Clin Chim Acta 2000; 293: 53-2.



157

C.S.Tugalay, O. Altan

45. McCord JM. The evolution of free radicals
and oxidative stress. Am J Med 2000; 108: 652-9.

46. Thomas MJ. The role of free radicals and
antioxidants. Nutrition 2000; 16: 716-8.

47. Laganiere S, Yu BP. Effect of chronic food
restriction in ageing rats. II. Liver cytosolic anti-
oxidants and related enzymes. Mech Ageing Dev
1989; 48: 221-30.

48. Lee DW, Yu BP. Modulation of free radicals
and superoxide dismutases by age and dietary re-
striction. Aging 1990; 2: 357-62.

49, Koizumi A, Weindruch R, Walford RL. Influ-
ence of dietary restriction and age on liver enzyme
activities and lipid peroxidation in mice. J Nutr
1987; 117: 361-7.

50. Chung MH, Kasai H, Nishimura S, Yu BP.
Protection of DNA damage by dietary restriction.
Free Radical Bio Med 1992; 12: 523-5.

51. Lu M, Hinson W, Turturro A, Sheldon W,
Hart R. Cell proliferation by cell cycle analysis in

young and old dietary restricted mice. Mech Ageing
Dev 1993; 68: 151-2.

52. Altan O, Oguz I, Erbayraktar Z, Yilmaz O,
Bayraktar H, Sis B. The effect of prolonged fasting
and refeeding on GSH-Px activity, plasma glucose
and cholesterol levels and welfare of older hens
from different genotypes. Arch Gefligelkd 2005;
69: 185-91.

53. Nakajima Y, Tsuruma K, Shimazawa M,
Mishima S, Hara H. Comparison of bee prod-
ucts based on assays of antioxidant capacities.
BMC Complem Altern M 2009; 9: e4(1-9 9. doi:
10.1186/1472-6882-9-4

54. Triques GE, Schmidt JM, Oro CS, Bor-
dignon HF, Donin DG, Fernandes JIM. Effect of di-
etary antioxidant supplementation on reproductive
characteristics of male broiler breeders during the
post-peak production phase. Semin Cienc Agrar
2016; 37: 2557-66.

VPLIV CEBELJIH PRIDELKOV IN OMEJEVANJA KALORIJ NA PROIZVODNJO SEMENA
IN OKSIDATIVNI STRES PRI STAREJSIH SAMCIH PLEMENSKIH BROJLERJEV

C.S.Tugalay, O.Altan

Povzetek: Studija je bila izvedena z namenom raziskovanja uginkov omejevanja kalorij in dodajanja prehranskih ¢ebeljih
pridelkov (apilarnil in mati¢ni mle€ek) na reprodukcijske in oksidativne odzive ter ugotoviti moznosti uporabe prehranskih
dodatkov za zaviranje reproduktivnega staranja samcev plemenskih brojlerjev. Pri starosti 52 tednov so bili samci plemenskih
brojlerjev razporejeni v &tiri skupine. Kontrolna skupina je bila ves ¢as Studije krmljena z restrikcijsko krmo po priporogilih
podijetja, ki se ukvarja z gojenjem plemenskih broilerjev; skupina ad libitum je bila stiri tedne hranjena ad libitum; skupina, pri
kateri so bili dodani ¢ebelji pridelki je bila krmljena podobno kot kontrolna skupina, le da je bila njihova prehrana stiri tedne
dopolnjevana z apilarnilom in mati¢nim mleckom, zadnja skupina pa je Stiri tedne dobivala kaloricno omejeno hrano (45 %
obiCajne prehrane). Po Stiritedenskem prilagoditvenem obdobju se je poskus nadaljeval Se 18 tednov. Rezultati, pridobljeniv
tejStudiji, sopokazali,dajebilanajboljprizadetaznacilnost staranja povisan odstotek mrtvinsemencicvejakulatu. Dolgoro¢na
zmerna omejitev krme ni preprecila starostnega zmanj$anja proizvodnje smencic. Dodatek prehranskih ¢ebeljih pridelkov ali
omejevanije kalorij v obdobju &tirih tednov je pozitivno vplival na znacilnosti semena. Ti blagodejni u€inki so se ohranili vse do
starostido 72tednov. Omejitev kalorij je okrepila tudi antioksidativno obrambo v prvih tirih tednih raziskave; vendar pa se je ta
ugodniucinek kasneje izgubil.

Kljuéne besede: samciplemenskih brojlerjev; staranje; znacilnosti semena; oksidativni stres; ¢ebelji proizvodi; omejitev kalorij



