
SUMMARY
The present study investigates the effects of royal jelly, which could be an alternative to serum replacement, on bovine oocyte
maturation and embryo culture. Two experiments were designed for the effects of royal jelly on oocyte maturation (Experiment
1) and blastocyst development (Experiment 2). Ovaries, collected at a local abattoir, were transported to the laboratory in a flask.
The selected oocytes were matured in bicarbonate-buffered Medium 199 containing Earle’s salts supplemented with 10 % (v/v)
foetal bovine serum or honeybee royal jelly (RJ; 1.25% w/v, RJ (1.25) and 0.625% w/v, RJ (0.625)) and antibiotics (50 IU/mL
penicillin and 50 µg/mL streptomycin sulphate) under a humidified atmosphere of 5 % CO2 at 38 °C for 22-24 hours in Experiment
1. After maturation, oocytes were fertilised in fertilisation medium (TALP) supplemented with 6 mg/mL fatty acid-free BSA and
10 µg/mL heparin and following fertilization, presumptive zygotes were cultured in synthetic oviduct fluid (SOF) supplement-
ed with %10 FBS for 8 days under a humidified atmosphere of 5% CO2 5% O2 90% N2 at 38 °C in Experiment 2.
Royal jelly supplementation significantly (P< 0.05) reduced the number of third-class cumulus cells (FBS; 72.6%, RJ (1.25); 59.6%,
and RJ (0.625); 63.8% of the group) compared with the serum used in Experiment 1. However, the results showed that supple-
mentation of different concentrations of royal jelly in the maturation media did not affect the number of (MII) Metaphase II
(FBS;77.6%, RJ (0.625); 71.5% and RJ (1.25); 64.3%) at the stage of nuclear maturation reached by the oocytes at the end of the
maturation period in Experiment 1. The result also showed supplementation of royal jelly during the maturation period had no
significant effect on the cleavage rates (FBS: 65.2% and RJ (0.625); 61.6 %) in Experiment 2. Royal jelly supplementation to the
maturation medium had also no significant effect (P=0.09) on the morula stage (FBS; 29.5 % and RJ (0.625); 26.7 %) and (P >
0.05) on the blastocyst stage of the embryos (FBS; 20.6% and RJ (0.625); 18.7%). However, royal jelly supplementation to the
maturation medium resulted in a decrease in blastocyst diameter and total cell counts.
As conclusion, the supplementation of 1.25% w/v and 0.625% w/v royal jelly to bovine oocyte maturation media reduced cu-
mulus cells expansion but did not have negative effects on bovine oocyte maturation, fertilization, and blastocyst development.
Therefore, the addition of royal jelly has some potential to be used as an alternative to serum for bovine oocytes during matu-
ration.
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INTRODUCTION

Numerous studies have been conducted regarding in vitro mat-
uration (IVM) and fertilization (IVF) processes with the aim
of comprehending the underlying mechanisms governing
the maturation of bovine and ovine oocytes. Studies have doc-
umented that the composition of the maturation medium for
oocytes can bring about modifications in the subsequent de-
velopment and quality of embryos, including their progression
to the blastocyst stage, even during the latter culture period1,2.
Also, the efficiency of Assisted Reproductive Technologies is
highly dependent on the production of good-quality embryos.
Serum, potentially including energy substrates, amino acids,
growth factors, and vitamins, has been involved in oocyte mat-
uration systems for many years5, 6. Media containing serum, go-

nadotropins, oestradiol, growth hormones, and growth factors
have been shown to have beneficial effects on IVM, IVF, and
blastocyst formation in several species1,2,3,4,5,6,7,8. While the uti-
lization of serum in oocyte and embryo culture systems has
proven successful over an extended period, concerns have also
arisen regarding its potential negative impact on embryo de-
velopment. These concerns have attributed the ambiguous com-
position of serum, which lacks well-defined parameters and has
been associated with some adverse effects 5,6,8. It has also been
reported that the use of serum in embryo culture systems re-
sulted in abnormally large lambs7,9. The composition of in vit-
ro culture systems may also affect post-thaw survival rates of
embryos. It has been reported that supplementation of in vit-
ro culture systems with serum containing lipids reduces the sur-
vival rate of bovine embryos after cryopreservation and com-
plete removal of and fatty acids from culture resulted in high
survival rates after cryopreservation10. Therefore, defined cul-
ture systems have been developed to overcome the adverse ef-
fects of serum by replacing it with Bovine Serum Albumin
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(BSA), Poly Vinyl Alcohol (PVA), or amino acids8,11,12. 
Royal Jelly is a creamy, milky-white substance secreted by the
secretory glands of worker bees (Apis mellifera) for stimulation
of growth and development by providing a balance of nutri-
ents to the larvae “bee-embryo”. The main ingredient of roy-
al jelly is protein; two thirds albumin and one third globulin.
These proportions reflect those of the human body. Royal jel-
ly also contains essential amino acids, vitamins (B1, B2, B12),
pantothenic acid, folic acid, nicotinic acid, inositol, microele-
ments (Cu, Fe, Mg, Al, Co etc.) and many kinds of enzymes and
insulin like material13. Royal jelly effectively protects female and
male gametes and has been reported as a strong antioxidant and
a potent free radical scavenger, which is secreted from both the
hypopharyngeal and mandibular glands of young worker
bees13,14. In recent studies, the addition of royal jelly to the me-
dia has been shown to be beneficial in vitro maturation and fer-
tilization of sheep and goat oocytes15,16,17.
Therefore, royal jelly could be a good candidate to replace serum
in culture systems. The aim of the present study was to inves-
tigate whether honeybee royal jelly could be an alternative source
to serum when included in in vitro maturation of bovine
oocytes.

MATERIALS AND METHODS

All reagents and media were from Sigma Chemical Co (USA)
unless otherwise stated.
Royal Jelly Preparation
The utilized royal jelly for both Experiment 1 and Experiment
2 was sourced from bee colonies at the Faculty of Cukurova Uni-
versity in Turkey. A quantity of 10 grams of royal jelly was dis-
solved within 10 milliliters of Tissue Culture Medium-199
(TCM 199) and subsequently preserved in 1 milliliter aliquots
at a temperature of -20°C. A 1 ml aliquot (containing 1 g of roy-
al jelly per ml) was subjected to gradual logarithmic dilution
encompassing descending concentrations: 10% w/v royal jel-
ly (%10w/v RJ), 5% w/v royal jelly (%5 w/v RJ), 2.5% w/v roy-
al jelly (%2.5 w/v RJ), 1.25% w/v royal jelly (%1.25 w/v RJ),
and 0.625% w/v royal jelly (%0.625 RJ). The investigation into
varied levels of royal jelly concentration, as conducted by Onal20,
was aimed at identifying the optimal dosage for facilitating
bovine oocyte maturation. In accordance with these findings,
Experiment 1 employed the concentrations of 1.25% w/v and
0.625% w/v royal jelly, while Experiment 2 only employed the
concentration of 0.625% w/v royal jelly. 

Experiment 1
Bovine ovaries were collected from a local slaughterhouse and
transferred to the laboratory at approximately +35 °C in PBS
(Dulbecco’s Phosphate Buffered Saline) supplemented with 50
IU/ml penicillin and 50 µg/ml streptomycin sulphate (Penicillin-
Streptomycin, USA). Cumulus oocyte complexes (COCs)
were aspirated using an 18-g needle and a 10-ml syringe to ob-
tain follicles 2 to 8 mm in diameter. The COCs were then placed
in 1 to 2 ml of Hepes-buffered Medium 199 containing Ear-
le’s salts supplemented with 10 % v/v foetal bovine serum (FBS)
(Gibco, USA) and antibiotics (50 IU/mL penicillin and 50
µg/mL streptomycin sulphate).  A total 651 COCs contained
compact, non-atretic cumulus investments and uniformly gran-
ulated cytoplasm were selected for maturation. All COCs were
washed twice in Hepes-buffered Medium 199 (Gibco, USA) and

then once in maturation medium. The control group involved
a TCM 199 containing Earle’s salts, supplemented with 10%
v/v fetal bovine serum, antibiotics (50 IU/mL penicillin and 50
µg/mL streptomycin sulfate), sodium pyruvate (22 µg/mL), fol-
licle-stimulating hormone (FSH) at a concentration of 5
µg/mL, and luteinizing hormone (LH) at a concentration of
5 µg/mL. While 10% v/v FBS concentration of was replaced with
two different concentrations of royal jelly, namely 1.25% w/v
RJ (1.25) and 0.625% w/v RJ (0.625), to assess the expansion
of cumulus cells (categorized as full, moderate, and slightly ex-
panded), as per the description by Gordon. I, 2003 18 and the
nuclear maturation in Experiment 1.

Experiment 2 
A total of 390 COCs matured with the procedures outlined in
Experiment 1. However, in Experiment 2, only a %0.625 w/v
RJ (0.625) substitution was employed in conjunction with a 10%
v/v fetal bovine serum to evaluate the early embryonic devel-
opment of bovine oocytes.
In experiment 2, matured oocytes were fertilised with frozen
semen that was thawed at +38°C in a flask from a tested bull.
Following maturation, most of the cumulus cells were removed
by vortexing, leaving three to five layers around the oocyte, be-
fore washing twice in Hepes-buffered TALP supplemented with
3 mg/mL BSA (Fraction V), 50 IU/mL penicillin and 50 µg/mL
streptomycin sulphate. Thawed semen was layered (100 µL) un-
der 1 mL of a modified calcium-free Tyrode’s Albumin Lactate
Pyruvate (TALP) capacitation medium containing 6 mg/mL
BSA fraction V, 50 IU/mL penicillin and 50 µg/mL streptomycin
sulphate (pH 7.4) in dolphin nose eppendorf tubes to facili-
tate capacitation using the swim-up procedure19. After incu-
bation (30 min) at +38°C in a humidified atmosphere of 5%
CO2 in air, the upper 0.7 mL of medium was collected and cen-
trifuged (300xg) for 10 min before the supernatant was removed,
leaving live sperm in the pellet in approximately 100 µL in ca-
pacitation medium. The pellet was then resuspended, and motile
sperm were counted to give a final concentration of 1x106/ml
of motile sperm. Then, 4 µL of capacitation medium containing
motile sperm was added to 46 µL of fertilisation medium drops.
The fertilisation medium was modified TALP supplemented
with 0.2 µmol/L penicillamine, 0.1 µmol/L hypotaurine, 0.02
µmol/L epinephrine, 6 mg/mL fatty acid-free BSA, 30 µg/mL
heparin, 50 IU/mL penicillin and 50 µg/mL streptomycin sul-
phate (pH 7.8). Matured oocytes (10 oocytes per well) were
placed in the fertilisation drop where oocytes and spermato-
zoa were co-incubated together for 10 hours under mineral oil
at +38 °C in a humidified atmosphere of 5 % CO2 in air. Fol-
lowing fertilization, all remaining cumulus cells were re-
moved by vorteking and presumptive zygotes were washed twice
in Hepes-buffered TALP. Finally, the presumptive zygotes ma-
tured in %10 FBS or %0.625 RJ (0.625) royal jelly were further
cultured in Synthetic Oviductal Fluid (SOF) supplemented with
%10 FBS and 50 IU/mL penicillin and 50 µg/mL streptomycin
sulphate (pH 7.4) in Experiment 2.

Fluorescent Staining
A total of 42 blastocysts were used to determine the number
of live-dead cells in two experiments. For cell counting, 2 ng/ml
fluorescent bis-benzimide dye (Hoechst H33258) was prepared
in PBS and each blastocyst was taken into a solution contain-
ing 15 µl dye and left in the incubator for 10 minutes. At the
end of the incubation period, the blastocysts were washed 3
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times in 50 l drops of dye-free PBS. Then, they were taken in
10 l drops in a petri dish and examined with an inverted flu-
orescent microscope. 
Statistical Analysis
Data were analysed by using a one-way analysis of variance
(ANOVA) performed with MINITAB 10, following appropri-
ate transformation where necessary (proportion of cleaved zy-
gotes and blastocyst yields, arcsine-transformation; blastocyst
cell numbers an, log10 transformation; blastocyst diameter, no
transformation).  The expansion of cumulus cells was evalu-
ated using the Chi-Square test ( ²). Pairwise comparisons of
treatment mean (expressed as means ± standard error of the
mean, s.e.m.) were conducted using Tukey’s honest significant
difference (HSD) test.  The results are presented as untrans-
formed means along with their respective standard errors (±
s.e.m.).

RESULTS

In experiment 1, the expansion of cumulus cells of maturing
bovine oocytes was detailed within Table 1. The inclusion of
royal jelly within the maturation medium yielded 
a significant impact (P < 0.05) on the fully expended cumu-
lus cells, leading to a reduction in the expansion rate (FBS:
72.6%, RJ (0.625): 63.8%, and RJ (1.25): 59.6% of the respec-
tive groups) in comparison to the employment of serum in Ex-
periment 1.
In addition, experiment 1 showed that while replacement of
%1.25 royal jelly significantly reduced the number of oocytes,
%0.625 royal jelly substitution to replace of %10 FBS serum
did not reduce the number of oocytes reaching metaphase II
(Table 2), which is known to be the critical stage of nuclear mat-
uration in bovine oocytes (FBS; 77.6% vs. RJ (0.625); 71.57%
and RJ (1.25); 64.38% group). Similarly, there were no signif-
icant differences in the number of oocytes (FBS; 6.8% vs. RJ
(0.625); 8.2% and RJ (1.25); 8.0% group) reaching metaphase
I (Table 2). Results also indicated that there were more
oocytes at Germinal Vesicle Breakdown (GVBD) and Anaphase

(A)- Telophase (T) stage in royal jelly (RJ) supplemented groups
compared to that of serum (FBS). 
The results of experiment 2, the final culture phase of the pres-
ent study, are shown in Table 3. The results showed that the fer-
tilisation rates (FBS; 65.2% and RJ (0.625); 61.6%) were sim-
ilar in the control group and the royal jelly supplemented group
(P>0.05). Royal jelly supplementation did not significantly
change fertilization rates between groups. Following fertiliza-
tion, the presumptive zygotes obtained from royal jelly and
serum supplemented maturation media are cultured to the
morula and the blastocyst stages. The results revealed that there
are no significant (P>0.05) differences in the number of zygotes
reaching the morula (FBS; 29.5% ± 0.98 vs. RJ (0.625); 26.7%
± 1.23) and the blastocyst (FBS; 20.6% ± 0.88 vs. RJ (0.625);
18.7% ± 1.08) stage, respectively. However, it was found that
the number of zygotes reaching the 8-16 cell stage was increased
in the royal jelly supplemented group (RJ (0.625); 54.8 ± 1.74%)
compared to the addition of serum (FBS; 49.8 ± 0.59%) (P <
0.02).
The results of experiment 2 also show that the blastocyst di-
ameters (µm) (FBS; 211 ± 5.2 and RJ (0.625); 197 ± 4.3) and
total cell count (FBS; 117 ± 3.61 and RJ (0.625); 101 ± 2.39)
of the blastocysts, which is an important criterion for a
healthy blastocyst, were statistically different (Table 3).

DISCUSSION

The use of serum and gonadotropins during maturation of
bovine and ovine oocytes is a generally accepted practise and
is used by many laboratories. In this study, royal jelly was sup-
plemented to TCM-199 media, at various concentrations to
evaluate the effects exerted on in vitro bovine oocyte matura-
tion and blastocyst development.  Serum in oocyte and embryo
culture media has important advantages, but many scientific
articles also indicate that the cause of many problems in oocyte
and embryo culture is due to undefined serum content7,9,21,22.
In addition, some of the energy sources (glucose) used in cul-
ture media may not be utilised by the embryo in the early stages

% Slight expansion 14.3±3.20 13.7±3.08 23.8±4.01 NS

% Moderate expansion 13.1±2.34 22.5±3.65 16.5±3.25 NS

% Fully expansion 72.6±1.83 63.8±1.55 59.6±1.78 0.05

Table 1 - The effects of serum and royal jelly on the expansion of cumulus cells surrounding the bovine oocytes.

Classes FBS RJ (0.625) RJ (1.25) P

P>0.05 (Qhi Square)

Number of Oocyte 203 212 236

% Germinal Vesicle Breakdown (GVBD) 4.0±1.06a 6.5±1.19ab 11.5±1.59b

% Metaphase I (MI) 6.8±0.90a 8.2±1.32a 8.0±1.31a

% Anaphase (A) - Telophase (T) 10.3±1.44a 12.9±1.41ab 15.0±2.05b

% Metaphase II (MII) 77.6±2.39a 71.5±2.20a 64.3±2.72b

Table 2 - The effects of serum and royal jelly on the nuclear maturation of bovine oocytes.

FBS RJ (0.625) RJ (1.25)

a, b: Different superscripts on the same line denote significant difference (P < 0.05).  
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and may impair development6. For this reason, many scientific
studies are being conducted on culture media to determine op-
timal conditions for oocytes and embryos. In our early study,
different concentrations of royal jelly were tested to determine
the optimal concentration of royal jelly for bovine oocyte mat-
uration. It was found that the 1.25% (w/v) and 0.625% (w/v)
royal jelly supplemented conditions were suitable for oocyte
maturation20. The results of experiment 1 in present study
showed that the percentage of bovine oocytes reaching the stage
of nuclear maturation (metaphase II) was higher in the
serum and RJ (0.625) supplemented group compared to RJ
(1.25) group. Also, RJ (0.625) supplementation resulted in sim-
ilar maturation rate to serum supplemented group (P >
0.05). Similarly, royal jelly reported to improve the percentage
of bovine oocytes matured in vitro and their viability after mat-
uration at a level of 10 mg/ml and 5 mg/ml, being superior to
10 mg/ml23. However, as the use of royal jelly percentage (%1.25)
increased in this study, the number of oocytes reaching MII stage
significantly reduced. This result in experiment 1 indicates that
higher royal jelly supplementation in culture medium has neg-
ative effects on maturation of bovine oocytes. In another study,
contrary to the results in experiment 1, royal jelly in matura-
tion media had a positive effect on cumulus expansion and mat-
uration, leading to the conclusion that royal jelly could be used
as a beneficial additive to synthetic culture media for in vitro
maturation of ovine oocytes24. Experiment 1 showed that cu-
mulus expansion rates, which is one of the visual criteria for
in vitro maturation, of bovine oocytes in serum was significantly
lower in RJ (1.25) compared with serum supplementation in
the control. Although the supplementation of royal jelly had
a slightly positive effect on cumulus cell expansion in some stud-
ies17,23,24, our results are not in complete agreement with these
in terms of cumulus cell expansion. These differences may be
due to the use of royal jelly in the presence of serum or con-
centration. It has been reported that the addition of oestrus
bovine serum (ECS) or foetal bovine serum (FBS) to the me-
dia used for maturation of bovine oocytes significantly increases
maturation rates and also significantly affects the rate of blas-
tocyst formation, especially after fertilisation25,26. The positive
effect of serum to improve maturation was also present in our
study, but on the other hand high royal jelly (RJ (1.25)) sup-
plementation did significantly reduce oocyte maturation.
The most critical stages in embryo culture studies are fertili-
sation and the number of presumptive zygotes reaching the blas-
tocyst stage after fertilisation. The fertilisation, cleavage,
morula and blastocyst rates of oocytes matured in media con-
taining 10% FBS and 0.625% royal jelly were studied in ex-

periment 2. The results showed that the fertilization rate of
oocytes supplemented with royal jelly was similar to that of
oocytes supplemented with serum (FBS: 65% and RJ (0.625):
61%). This similarity suggests that various nutrients such as
proteins, amino acids, vitamins, and fatty acids in royal jelly
can be utilised by the oocytes. In addition, oocytes maturing
in media supplemented with serum and royal jelly did not dif-
fer between groups in terms of development rates to the moru-
la stage (FBS: %29.5±0.98 and RJ (0.625): %26.7±1.23) and to
blastocyst stage (FBS: %20.6±0.88 and RJ (0.625): %18.7±1.08)
after fertilisation. Oocytes matured in media supplemented with
royal jelly demonstrated the capability to reach the blastocyst
stage following fertilization. However, these oocytes were ad-
versely impacted (P>0.05) in terms of both blastocyst diam-
eter and cell count. These observed disparities in blastocyst de-
velopment in groups with royal jelly merit deeper exploration,
particularly through an examination of their metabolic rates
and the presence of oil droplets they contain. It has been re-
ported that the addition of serum to culture media also reduces
the number of cells and causes degeneration of mitochondria27.
Zygotes resulting from fertilisation of oocytes developed in a
medium containing royal jelly was divided more rapidly than
those in a medium containing serum. However, rapidly dividing
zygotes could not develop to the blastocyst stage at the same
rate.

CONCLUSION

In conclusion, the results of this study indicated that the sup-
plementation of royal jelly to bovine oocyte maturation me-
dia as an alternative to replace serum has the potential to be
used during maturation, since royal jelly did not also have neg-
ative effects on the further cleavage and blastocyst developmental
stages.

Acknowledgement
This article was produced from a project funded by TUBITAK.
The author thanks Mehmet Kuran for his assistance.

References 

1. Ali A., Sirard M.A. (2002). Effect of the absence or presence of various
protein supplements on further development of bovine oocytes during
in vitro maturation. Biology of Reproduction, 66: 901-905.

2. Warzych E., Peippo J., Szydlowski M., Lechniak D. (2006). Supplements
to in vitro maturation media affect the production of bovine blastocysts

Number of Oocyte 201 189

% Cleavage (Day 2**) 65.2±2.72 61.6±4.06

%8-16 Cell Stage (Day 3**) 49.8±0.59 54.8±1.74 *

% Morula (Day 5**) 29.5±0.98 26.7±1.23

% Blastocyts (Day 8**) 20.6±0.88 18.7±1.08

Blastocyts Diamention (μm) 211 ±5.2 197 ±4.30 *

Total Cell Count 117 ±3.61 101 ±2.39 *

Table 3 - The effects of %10 FBS and %0,625 royal jelly on the early bovine embryo development .

FSB RJ (0.625)

* Different superscripts on the same line indicates significant difference (P < 0.05).  
** Fertilization (Day 0)

Onal Bovini_ok  16/11/23  10:05  Pagina 242



A.G. Önal. Large Animal Review 2023; 29: 239-243 243

and their apoptotic index but not the proportions of matured and apop-
totic oocytes. Animal Reproduction Scieince, 97(3-4):334-43.

3. Abeydeera L.R., Wang W.H., Cantley T.C., Rieke A., Murphy C.N., Prather
R.S., and Day B.N. (2000). Development and viability of pig oocytes ma-
tured in a protein-free medium containing epidermal growth factor. The-
riogenology, 54 787-797

4. Lim J.M, Hansel W. (1998). Improved development of in vitro-derived
bovine embryos by use of a nitric oxide scavenger in a cumulus-granu-
losa cell coculture system. Mol Reprod Dev 50:45-53

5. Holm P., Booth P.J., Callesen H. (2002). Kinetics of early in-vitro devel-
opment of bovine in-vivo and in-vitro derived zygotes produced and/or
cultured chemically defined or serum-containing media. Reproduction
123, 553-565.

6. Kim H., Lee G., Hyun S., Lee S., Nam D., Jeong Y., Kim S., Kang S., Lee
B., Hwang, W. (2004). Improved in vitro development of porcine embryos
with different energy substrates and serum. Theriogenology, 61(7-8), 1381-
1393. 

7. Thompson J.G., Gardner D.K., Pugh P.A., McMillan W.H., and Tervit H.R.
(1995). Lamb birth weight is affected by culture system utilised during
in vitro pre-elongation development of ovine embryos Biology of Re-
production 53 1385-1391

8. Thompson J. G. (1996). Defining the requirements for bovine embryo
culture. Theriogenology, 45(1), 27-40.

9. Sinclair K.D., McEvoy T.G., Carolan C., Maxfield E.K., Martin C.A., Young
L.E., Wilmut I., Robinson J.J., and Broadbent P. (1998). Conseptus growth
and development following in vitro culture of ovine embryos in media
supplemented with bovine sera. Theriogenology, 49: 218

10. Held-Hoelker E., Klein S.L., Rings F, Salilew-Wondim D., Zidane M.,
Neuhoff D.C., Tesfaye Schellander K., Hoelker M. (2017). Cryosurvival
of in vitro produced bovine embryos supplemented with L-Carnitine and
concurrent reduction of fatty acids. Theriogenology 96, 145-152.

11. Keenan J., Pearson D., Clynes M. (2006). The role of recombinant pro-
teins in the development of serum-free media. Cytotechnology 50 (1-3),
49-56.

12. Drakou, K., and Georgiades, P. (2015). A serum-free and defined medi-
um for the culture of mammalian postimplantation embryos. Biochemical
and biophysical research communications Volume 468, Pages 813-819

13. Prazina N. E. D. Ž. A. D., and Mahmutovi , O. M. E. R. (2017). Analysis
of biochemical composition of honey samples from Bosnia and Herze-
govina. Int. J. Res. Appl, 5(3), 73-78.

14. Kristina P., Marksa M., Stan iauskait  M., Juknius T., Grigonis A., and Ra-
manauskiene K. (2021). «Formulation of Ocular In Situ Gels with Lithuan-

ian Royal Jelly and Their Biopharmaceutical Evaluation In Vitro» Mol-
ecules 26, no. 12: 3552.

15. Veshkini A., Mohammadi-Sangcheshmeh A., Ghanem N., Abazari-Kia
A.H., Mottaghi E., Kamaledini R., Deldar H., Ozturk I., Gastal E.L. (2018).
Oocyte maturation with royal jelly increases embryo development and
reduces apoptosis in goats. Anim Reprod.16;15(2):124-134.

16. Amiri M.V., Deldar H., and Pirsaraei Z.A. (2015) Impact of supplementary
royal jelly on in vitro maturation of sheep oocytes: genes involved in apop-
tosis and embryonic development, Systems Biology in Reproductive Med-
icine, 62:1, 31-38. 

17. Al-Shammari R. F. H., and Almeeni I. M. (2022). Efficiency of royal Jel-
ly on in vitro fertilization in local Iraqi ewes. International Journal of Health
Sciences, 6(S5): 6960-6969. 

18. Gordon, I. (2000). Laboratory Production of Cattle embryos. CAB In-
ternational, Cambridge

19. Parrish J.J, Susko-Parrish J.L, Leibfried-Rutledge M.L, Crister E.S, Eye-
stone W.H and First N.L. (1986). Bovine in vitro fertilization with frozen-
thawed semen Theriogenology 25: 591-600.

20. Onal A.G., Guzey. Y.Z., Kariptas S., Gocmez Z. (2006). Effects of honey-
bee royal jelly on fertilization of matured bovine oocytes.  Book of Ab-
sracts of 57 th Annual Meeting of the European Association for Animal
Production No:6 p.185

21. Allegrucci C., and Hunter M.G. (2003). Interaction of bovine granulosa
and theca cells in a novel serum-free co-culture system. Reproduction 126
(4): 527-538.

22. Maurer R.R. (1992). Animal Cell Culture: A Practical Approach Ed: Fresh-
ney, R.I., Oxford Uviversity Press, Oxford pp: 15-46.

23. Abdulnabi S.A., and Daham A.F. (2021). Royal Jelly Improved In vitro Mat-
urated Bovine Oocytes. Annals of the Romanian Society for Cell Biolo-
gy, 7653-7659.

24. Saber M.A.A. (2012). Effect of Royal Jelly on Viability and in vitro Mat-
uration of Egyptian Sheep Oocytes in Serum Supplemented Medium.
British Journal of Pharmacology Toxicology 3(1): 29-32.

25. Sanbuissho A., and W.R. Threlfall (1990). The influence of serum and go-
nadotropins on in vitro maturation and fertilization of bovine oocytes
Theriogenology, 341-348.

26. Lim J.M., Okitsu O., Okuda K. and Niwa K. (1994). Effects of fetal calf
serum in culture medium on development of bovine oocytes matured and
fertilized in vitro. Theriogenology 41:1091-1098.

27. Dorland M., Gardner D.K., Trounson A.O. Serum in synthetic oviduc-
tal fluid causes mitochondrial degeneration in ovine embryos. Journal of
Reproduction and Fertility, Abstract Series, 13: 25. (1994)

Onal Bovini_ok  16/11/23  10:05  Pagina 243




