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Abstract 

The aim of this study was to see how royal jelly (RJ) supplementation to IVM media influenced 

the maturation of bovine oocytes in vitro. The cumulus oocyte complexes (COCs) were extracted 

from slaughterhouse bovine ovaries and divided into three groups (control group,  5mg/ml RJ, and 

10mg/ml RJ) .All oocytes then maturated in vitro for 24 hours and evaluated morphologically 

under the microscope depend on the expansion of cumulus cells and viability of maturated 

oocytes. Results revealed that RJ causing insignificant improvement in the percentage of the in 

vitro maturated cow oocytes in compare to the control group (72.04% ± 6.46, 83.15% ± 4.02 and 

60.21% ± 9.08) respectively, with the superiority of the 10mg/ml RJ comparing to 5mg/ml RJ. In 

respect to the viability of in vitro maturated cow oocytes , the results reveals a significance 

(P˂0.05) superiority of RJ groups in compare to the control (83.15% ± 4.02, 72.04% ± 6.46 and 

60.21% ± 9.08), with best viability in the 10 mg group. In conclusion , RJ improves percentage of 

in vitro maturated  cow oocytes and  their viability post maturation in a level of 10 mg / ml and 5 

mg / ml, with superiority to 10 mg /ml. 
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Introduction 

The methods known as assisted reproductive technology (ART) are typically those linked manipulation of 

gametes and embryos (Galli et al., 2003, Mapletoft and Hasler, 2005). Tremendous advances have been 

made in  (ART), especially during the last decades years. The most successful tool for achieving genetic 

improvement in cattle populations remains artificial insemination (AI) (Mapletoft and Hasler, 2005). 

Advanced ARTs have been useful in fostering livestock productivity by maintaining genetic diversity, 

repopulating endangered breeds and inducing genetic alterations for the development of novel products for 

human health applications in livestock species (Singh etal, 2009) . IVP (In vitro production) is a member 

of important ART  in different animal species including bovine. All the experimental work undertaken to 

establish procedures for in vitro embryo production (IVP) was basically based on oocytes that were 

retrieved in large numbers from slaughterhouse ovaries. It was, however, obviously desirable to recover 

oocytes from living donors of proven genetic value for functional application (Galli, et al; 2014). The time 

needed for maximum in vitro nuclear maturation of oocytes, which means the arrival of chromosomes at 

the stage of Metaphase II, may be 18 to 24 hours ( Gasparrini et al., 2008). Maturation periods longer than 

24 hours can lead to inappropriate configurations of chromatin, oocyte aging and a decrease in the 

development of skills, thus showing greater sensitivity toward time affecting oocyte quality comparing to 

other species (Kumar and Anand, 2012). Royal jelly (RJ) in many countries is a member of the most 

appealing functional foods that was a marketting commodity for some time, especially in dietetics and 

cosmetics (Isidorov et al., 2009). RJ consists primarily of major health-promoting and biological 

compounds such as sugars, lipids, vitamins, proteins, free amino acids , and minerals (Nakajima et al., 

2009). Fatty acids, acetylcholine, adenosine 
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monophosphate (AMP), polyphenols, proteins, and hormones including estradiol, progesterone, 

testosterone, and prolactin have all been confirmed to be found in RJ (Ramadan and Al-Ghamdi, 

2012). 

 RJ has a multitude of pharmacological activities: antioxidant, neurotrophic, hypoglycemic, 

hypocholesterolemiant, antibiotic, hepatoprotective, regulatory blood pressure and hypotensive , 

anti-inflammatory, antitumor , modulatory and anti-allergic immune, anti-aging, general tonic,  

etc (M.rghita , etal , 2008). RJ antioxidant activity has also been demonstrated and oxidative stress 

safety has been verified in laboratory animal experiments (Kanbur, etal 2009 ; Silici , etal , 2009). 

Royal jelly's antioxidant ability has been shown to be efficient in protecting female and male 

gametes and cryopreserved semen (Moradi et al., 2013; Shahzad et al., 2016). RJ will scavenge a 

wide range of free radicals such as that of hydroxyl, DPPH and superoxide radicals  (Watanabe, et 

al., 2013).  The first important step for the successful IVP of any mammalian animal is the IVM 

of oocytes (Bavister et al., 1992) . The maturation of oocytes is the process of complex protein 

phosphorylation changes that converts a primary oocyte into a mature secondary oocyte (ATomek 

et al., 2002). The oocytes must have a culture medium during IVM that enables the cytoplasmic 

and nuclear  maturation is achieved (Virginia and Novoa, 2012). 

In vitro maturation (IVM) and culture processes need to be improved to produce embryos with 

good quality and high developmental competence (Hansen and Block, 2004). Consequently, our 

study conducted to investigate the impact of supplementation of RJ on bovine oocytes maturated 

in vitro. 

 

Materials and methods 

1.Collecting ovaries sample  

After slaughter, fresh cattle ovaries were collected and transported to the laboratory within 1 to 2 

hours in isotonic saline solution supplemented with(50. 5 l/ml) streptomycin and (100 IU/ml) of 

penicillin ,maintained at 30-35°C in box retained (Singh, et al., 2020).  

2. COCs recovery: 

Bovine cumulus-oocyte complexes (COCs) were retrieved using an 18-gauge needle attached to a 

10 mL disposable syringe by aspirating follicles with large size (3-8 mm) diameter, and slicing 

the ovaries into small sections using a sterile surgical scalpel, then analyzing the sediment under 

stereomicroscopes. 

3. Preparation of media for oocyte recuperation: 

TCM-199 and 0.6 percent (v/w) bovine serum albumin in aspiration medium consisting of (BSA). 

Follicular fluid was collected and retained for 15 minutes in the tube. In the 60 mm petri dish, the 

sediment was collected and oocytes were searched under the stereo zoom microscope 

(Dharmendra, etal; 2011), washed in IVM medium three times. Oocytes were classified into three 

classes based on the ooplasm morphology and number of cumulus cell(CC) layers as: (1) best 

COCs; (2) strong partial oocyte complexes (POCs); (3) fair denuded oocytes (DO) (Dadashpour, 

etal, 2012). 

Grade A: Many layers of CC with uniform cytoplasm cover the entire surface of the oocytes. 

Grade B: oocytes having homogenous cytoplasm with several layers of CC surrounding at least 
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70% of the body. 

Grade C: oocytes with few CC. (Di Francesco, et al; 2012) 

4. Prepare the (IVM) media: 

For IVM, a fraction of the immature COCs were allocated at 38.5 °C , 5 percent CO2 in the air 

and high humidity for 24 hours. TCM199, 200µ/mL pregnant mare serum gonadotropin (PMSG), 

10% fetal bovine serum (FBS), 0.2 mM sodium pyruvate, and 50 g/mL gentamicin make up the 

IVM medium. 

The recovered COCs were distributed into three sterilized petri dishes, and the royal jelly was 

added in two concentrations of (5 mg/ml) and (10 mg/ml) while the 3
rd

  dish left free from RJ as a 

control group. All Oocytes in all groups of study the incubated in CO2 incubator  optimized on 5 

percent CO2, 38.5 °C, and 95 percent humidity for a period of (20 - 24)hours. Before usage, all 

media solutions were sterilized by going through the Millipore membrane filter (0.22 μm) 

equipped with a 10 ml syringe in diameter to extract bacterial particles (Zoheir, etal; 2007) . 

All visual assessments were completed. Cumulus cell expansion was considered when at least a 

few morphological changes in the cell distribution of each COC were observed after the in vitro 

maturation process (Zhang, et al. 2010; Caixeta ,et al. 2013). 

A common indirect indicator of oocyte efficiency is cumulus expansion post maturation, which 

occurs after 20 to 24 hours of culture in an in vitro maturation setting. 

 5-Matured oocyte viability (trypan blue staining): 

Trypan Blue staining is a technique for identifying and evaluating the viability and competence of 

oocytes. It aids in the selection of oocytes with greater cumulus expansion. COC in each dish was 

washed and stained with 0.4 percent TB for 2 minutes at 37 °C, 5 % CO2 in a humidified 

environment before being washed in media to determine viability. Despite the fact that some CC 

were stained, just COCs with unstained oocytes were deemed alive. ( Quezada et al., 2018). The 

staining solution was made by dissolving the dye in a proper quantity of phosphate buffer saline 

and adjusting the pH to 7. 

Individual COC was then immersed for 2 minutes in a 50mm droplet of prepared solution. 

Statistical analysis:  

SPSS's one-way ANOVA model was used to evaluate the data in this analysis (SPSS Science, 

Chicago, USA). Differences were compared by Tukeys multiple comparison post hoc test. All 

data were presented as mean ± SEM and the differences were considered as significant at P˂ 0.05 

 

Results: 

The total number of recovered COCs in all sessions of study was 281 COCS, the largest number 

of them were graded as A, then as grade B and the last as grade C (118 (41.99%), 109 (38.79%), 

and 54 (19.22%)) respectively. 

 Results also showed  that the supplementation of a RJ in a level of 5mg / ml and 10mg / ml to the 

TCM199 media causing an improvement in cow oocytes maturated in vitro in compare to the 

control group in percentage of maturation (72.04±6.46, 83.15±4.02 and 60.21±9.08) respectively, 

with the superiority of the group of 10 mg/ ml comparing to the group of 5 mg /ml, but the 

differences were not significant at P˂0.05 (Table 1). 
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Degenerated 

oocytes 

No. (%±SEM) 

Non-matured 

oocytes 

No. 

(%±SEM) 

Matured 

oocytes 

No. (%±SEM) 

Recovered 

COCs 

NO. 

Groups 

34 

(36.55±7.98)
a 

3 

(3.22±1.85)
a
 

56 

(60.21±9.08)
a
 

93 Control 

26 

(27.95±6.46)
a
 

0
a
 

67 

(72.04±6.46)
a
 

93 5mg RJ 

16 

(16.84±4.02)
a
 

0
a
 

79 

(83.15±4.02)
a
 

95 
10mg 

RJ 

 

Table 1 The percentage of in vitro maturated cow oocytes in different groups of experiment. 

*The high letters denote important differences between groups at P˂0.05. 

 

The percentage of viable in vitro maturated cow oocytes stained with trypan blue showed a substantial 

(P˂0.05) superiority of RJ supplemented groups (10 mg / ml and 5 mg /ml) over the control group 

(83.15±4.02, 72.04±6.46, and 60.21±9.08), with the 10 mg group having the better viability (Table 2). 

Non-viable 

oocytes 

No. (%±SEM) 

Viable oocytes 

No. (%±SEM) 

Matured 

oocytes 

No. (%±SEM) 

Groups 

44 

(78.57±6.77)
a 

12 

(21.42±6.77)
a
 

56 

(60.21±9.08)
a
 

Control 

31 

(46.26±7.38)
b
 

36 

(53.73±7.38)
b
 

67 

(72.04±6.46)
a
 

5mg RJ 

30 

(37.97±4.59)
b
 

49 

(62.02±4.59)
b
 

79 

(83.15±4.02)
a
 

10mg 

RJ 

 

Table 2 The percentage of viability of  in vitro maturated cow oocytes in different groups of experiment. 

* The high letters denote important differences between groups at P˂0.05. 

  

Discussion 

The results showed  that the supplementation of a RJ in a level of 5mg / ml and 10mg / ml to the 

TCM199 media causing an improvement in cow oocytes maturated in vitro in compare to the 

control group in percentage of maturation (72.04±6.46, 83.15±4.02 and 60.21±9.08) respectively, 

with the superiority of the group of 10 mg/ ml comparing to the group of 5 mg /ml, but the 

differences were not significant (P˂0.05). This result is consistent with the findings of (Eshtiyaghi 

et al., 2016 and Amiri et al., 2016) who recorded a same improvement in ovine oocytes maturated 

in vitro in media supplemented with 10 mg / ml RJ. They suggest that Improved oocyte 
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maturation and subsequent growth were associated with improved redox status in the oocytes and 

activation of glucose metabolic pathways in the surrounding cumulus cells in the RJ group, 

because the oocytes analyzing glucose mainly depending on cumulus cells (Eshtiyaghi et al., 

2016). The same result was recorded by (Veshkini et al., 2018) in goat, when they recorded that 

the RJ supplementation to IVM media leading to improved maturation ratio, but they found a 

superior effect in the level of 5mg / ml of RJ in compare to 10 mg /ml suggesting that this effect 

of RJ on IVM of caprine oocytes is due to reducing gene expression especially genes induced 

apoptosis and subsequently improving the microenvironment of in vitro maturation.  

The trypan blue stain is a widely used supravital tool for assessing cell viability (Santos et al. 

2016). Furthermore, trypan blue staining has been described as a method of evaluating the 

developmental competence and viability of oocytes, with no detrimental impacts on the health or 

viability of  oocytes (Alcoba, et al. 2016).  When investigate the percentage of the viability of  in 

vitro maturated cow oocytes stained by trypan blue, our results reveals a significance (P˂0.05) 

superiority of RJ supplemented groups (10 mg / ml and 5 mg /ml) in compare to the control group 

with best viability in the 10 mg group. Several previous studies recorded a positive impact to the 

RJ in protect both female and male gametes  (Moradi et al., 2013; Shahzad et al., 2016). The 

superiority of viable in vitro maturated bovine oocytes in the RJ groups may results from highly 

antioxidant  and free radical scavenging capability of RJ due to its content of specific antioxidant 

proteins which causing elevation of antioxidant enzymes (Khazaei et al., 2017)  and due to health-

promoting and biological compounds of RJ such as sugars, vitamins, lipids , proteins, free amino 

acids and minerals (Nakajima et al., 2009). 

Conclusions: In conclusion , there is evidence of a good  improvement activity for the RJ on the 

in vitro maturated  cow oocytes and  their viability post maturation in a level of 10 mg / ml and 5 

mg / ml, with superiority to 10 mg /ml. 
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