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ABSTRACT 
 

During the period of year (representing spring, summer, autumn, and winter) Jennies at Giza Zoo abattoir were checked 

for body condition score (from 1 to 5), age (1 to 7 years; 8 to 14 years; and >15 years old). After culling, ovaries of 377 

Jennies were collected, two ovaries were weighed, and the number and size of ovarian follicles were recorded. Cumulus-

Oocyte Complexes (COCs) were collected after the ovarian follicles have been sliced and scraped, and COCs number 

and quality were determined. Data indicated that right and left ovaries and overall ovarian weight were significantly 

increased (P<0.05) in summer than the other seasons. The number of small size ovarian follicles was decreased (P<0.05) 

in spring than other seasons, while oocytes number and quality were not significantly affected by season. Jennies of 1 

to 7 years old showed a significant (P<0.05) smaller left ovary and total ovarian weight than the two other groups. 

Jennies of 8-14 years old) have a significant high (P<0.05) small size and a whole number of ovarian follicles than the 

other groups. Jennies with BCS-3 possess a significantly (P<0.05) higher total ovarian weight, total number of ovarian 

follicles and the total number of COCs recovered than BCS-1 or BCS-4. While the BCS-4 group showed the lowest 

(P<0.05) number of ovarian follicles and produced less (P<0.05) number of COCs than the other groups. Conclusion: In 

Egyptian Jennies, ovarian activity was affected by season, BCS and age of the animal, while, COCs yield and quality 

were more affected by BCS. 
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INTRODUCTION 

 

Donkeys are one of the most useful livestock species. 

There are more than 41 million donkeys in the world, 96% of 

these animals are present in undeveloped countries. They are 

principally used as a draft animal, packing, riding, and 

transportation for millions of people. Currently, at the 

international level, there is a great interest in donkey products 

such as hypoallergic milk and skin gelatin. Therefore, the 

numbers of the donkey are dramatically decreased and 79% 

of the domestic donkey breeds are now under the threat of 

extinction (Saragusty et al., 2017). In Egypt, the number of 

donkeys was dramatically decreased over the last few years 

from 3.35 million in 2010 to 1.28 million in 2014 

(www.fao.org). Successful reproduction is important to the 

survival and evolution of all species. To raise donkeys’ 

population and their biodiversity preservation, the knowledge 

of factors affecting their reproduction and breed-specific 

characteristics have a great impact on the application of 

assisted reproduction technologies in this species. 

Unlike most of the domestic species, very little is 

known about donkey’s reproduction and there is a conflict 

in the literature on seasonality of reproduction in Jennies. 

Donkeys seem to display less seasonality in reproductive 

patterns than horses (Blanckard et al., 1999). In Jennies, the 

estrous cycle was determined during the whole year, with 

no differences in the estrous cycle length among seasons 

(Contri et al., 2014). Other studies have indicated that 

Jennies express prolonged oestrus, and lower incidence of 

ovulation during December, shorter estrous cycles from 

May to September, and shorter oestrus from May to 

October (Ginther et al., 1987). Also, under tropical 

conditions, Jennies are seasonally breeding, where the 

number of total ovarian follicles was low during the non-

rainy season compared with the short or the long rainy 

seasons (Lemma et al., 2006).
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Moreover, aging is an important physiological process 
that has a negative impact on reproductive success in 
equines (Claes et al., 2017). In the mares, reproductive 
aging is attributed to a decreased fertility due to a decreased 
population of antral follicles (Ginther et al.,  2008, 2009), 
reduced oocyte quality (Carnevale et al., 1999) and an 
increased rate of early embryonic death (Ball et al., 1986), 
however, the number of antral follicles has a wide 
difference between aged mares (Claes et al., 2015). 

In addition, body condition score (Fitzgerald and 
McManus, 2000) is an important factor affecting 
reproduction in equines. Body condition and nutritional 
status have clear effects on the occurrence, depth and 
length of seasonal anoestrus in mares (Ginther et al., 1992; 
Gentry et al., 2002), females with higher body condition 
score may display regular estrous cycles or display 
considerable follicular activity during winter (Waller et al., 
2006). Also, reproduction in donkey is affected by body 
condition, and the number and size of ovarian follicles were 
correlated with body condition score (Lemma et al., 2006). 
Moreover, the advancing of age can adversely affect 
reproductive efficiency. Advancing of age badly affects 
pre-ovulatory follicle diameter, causes of the decline in 
fertility due to decreased oocyte and embryo quality, 
anatomical defects and endometrial degeneration 
(Scogging, 2015).  

Understanding the factors affecting ovarian activity 
is an important step leading to the development of 
techniques that maximize fertility in Jennies. Therefore, 
this work was designed to examine the relationship 
between season, BCS and age on the ovarian activity of 
Egyptian Jennies. This including; ovarian weight, 
number, and size of ovarian follicles and the number and 
quality of their enclosing oocytes. 
 

MATERIALS AND METHODS 

 
Ethical statement 

The study was performed according to the Ethics 
Committee of the University of Sadat City. 
 

Experimental design 

Unless otherwise mentioned, all chemicals used in this 
work were purchased from Sigma-Aldrich, Germany. 
Effect of season, age and body condition score on ovarian 
weight, follicular size and its number and COCs quality and 
its numbers in Jennies. In 3x3 factorial design. Jennies at 
Giza Zoo Abattoir were checked for age and body 
condition score during the period of year (representing 
spring, summer, autumn, and winter). According to their 
age, Jennies were classified into 3 groups (Muyllen et al., 
1999). First group: 1 to 7 years; Group 2: Jennies ranged 
from 8 to 14 years and the Third group: for Jennies >15 
years old. Then Jennies were checked for body condition 
score by visual appearance(www.nfed.co.uk), and 
classified into five Grades: thin animals (BCS-1); moderate 
(BCS-2), Good (BCS-3); fatty animals (BCS-4), and obese 
animals (BCS-5), no obese Jennies were observed during 
the study, and therefore BCS-5 was excluded out from the 
study (Figure 1). 

After clinical examination, ovaries of 377 Jennies were 
collected. For each animal, two ovaries were collected 
separately within 30 min after slaughtering and placed in a 
numbered plastic bag, then put in a thermos containing a 

saline solution (0.9% NaCl) and transported to the 
laboratory within 1 h. At the laboratory, right and left 
ovaries were dried, then weighed on a digital balance for 
the determination of weight right and left ovaries and the 
total ovarian weight.  

After determination of ovarian weight, tunica 
albuginea and connective tissues were removed, and each 
ovary was rinsed with sterile warm saline solution 
supplemented with 100 IU/mL penicillin and 100 μg/mL 
streptomycin and kept in a water bath at 37°C. Each ovary 
was placed in a 10 cm Petri dish containing 15 ml PBS, the 
ovary was cut longitudinally into slices using a scalpel and 
the number of ovarian follicles was recorded (Figure 2) and 
follicles were scraped using a curette. The diameter of 
follicles was measured using a caliper and classified 
according to their size into Small size follicles (2 to 10 mm 
in diameter), medium-size follicles (11 to 20 mm in 
diameter) and large size follicle (>20 mm in diameter) 
according to (Abdoon et al., 2014). After counting the 
number and size of ovarian follicles, ovarian tissues were 
removed and cumulus-oocyte-complexes (COCs) were 
retrieved. The selection of COCs was performed under a 
stereomicroscope at 20x. The quality of the obtained COCs 
was determined under a stereomicroscope at 40x and 
classified into: Excellent oocyte: surrounded by compact 
and dense cumulus cell layers (≥4 layers) and homogenous 
evenly granulated ooplasm. Good quality COCs: in which 
oocytes were surrounded by compact 1-3 layers of cumulus 
cells and homogenous cytoplasm; Expanded oocytes: 
oocytes with expanded cumulus cells; and Denuded 
oocytes, oocytes with complete devoid of cumulus-cells 
(Figure 3). 
 
Statistical analyses 

The obtained data were expressed as mean ± SE. The 
significance of differences was tested by paired “t” test and 
analysis of variance (ANOVA). Statistical analyses were 
performed using SPSS (SPSS for Windows, 2008). 
 

RESULTS 

 
1. Effect of season on ovarian weight, follicular number 
and COCs quality and numbers in Jennies. 

The present data in Table 1 indicated that season has a 
significant influence on ovarian weight, a number of 
follicles per ovary and the oocytes yield and quality in 
Egyptian Jennies. Results revealed that for both the two 
ovaries, the weight and total ovarian weight were 
significantly (P<0.05) higher in the summer season when 
compared with the other seasons. Also, the number of total 
ovarian follicles was higher (P<0.05) in summer than other 
seasons and a significantly (P<0.05) a low number of small 
follicles were recorded during spring than other seasons 
(Table 1). However, the season has no significant effect on 
the number of COCs obtained per ovary or the quality of 
the retrieved COCs. 
2. Effect of age on ovarian weight, follicular number and 
COCs quality and numbers in Jennies. 

The effect of the age of Jennies on ovarian activity is 
presented in Table 2. Results showed that right, left ovaries 
and overall ovarian weight was significant (P<0.05) low in 
young age Jennies when compared with middle or aged 
animals. A number of the small and total number of ovarian 
follicles were significant (P<0.05) increase in middle-aged 
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Jennies than the young one. While the number of large size 
ovarian follicles was significantly (P<0.05) lower in aged 
than middle or young age animals. In different groups of age, 
there was no significant effect of age on a number of 
follicles and oocytes of Jennies (Table 2). In addition, the 
total number of COCs recovered, and quality of excellent, 
good and fair quality COCs was not affected by the age of 
Jennies, however, the number of poor-quality oocytes was 
significant (P<0.05) higher in 1-7 years Jennies when 
compared with >15 years old Jennies.  

  

 
 

Fig. 1: Diagram illustrating methods of body condition scoring 

(BCS) in Jennies. 

 

 
 

Fig. 2: Photograph showing ovaries of Jennies before (A) and after 

slicing (B) for counting and measuring the number of follicles. 

 

 
 

Fig. 3: Photograph showing Grade I donkey cumulus-oocyte 

complex (COCs) with > 4 layer of cumulus cell layers (A), with 1 

to 3 layers of cumulus cells (Grade 2, B), denuded oocytes (Grade 

3, C) x400, and expanded cumulus-cells (Grade 4, D) x200. 

3. Effect of BCS on ovarian weight, follicular number and 

COCs quality and numbers in Jennies. 

Data in Table 3 represent the effect of body condition 

score on ovarian weight, a number of ovarian follicles and 

the number and quality of COCs obtained from Jennie’s 

ovaries. Jennies with good (BCS-3) have a significant 

(P<0.05) increase total ovarian weight, two ovaries weight 

compared with the other groups. Also, Jennies with BCS-3 

has a significantly (P<0.05) higher total number of ovarian 

follicles than other Grades. While, Jennies with BCS-4 

have significantly (P<0.05) a low number of the large, 

medium and a total number of ovarian follicles when 

compared with Jennies BCS-1 or BCS-2. Moreover, the 

number of excellent and fair quality COCs recovered per 

ovary was higher (P<0.05) in Jennies with BCS-3 than the 

other groups. While, fatty animals (BCS-4) have a 

significant (P<0.05) decrease in ovarian weight when 

compared with thin (BCS-1) or moderate (BCS-2) Jennies 

and produced lower (P<0.05) COCs quality than the other 

groups (Table 3). 

 
DISCUSSION 

 

According to our knowledge, this is the first study to 

evaluate the effect of season, age and body condition score 

on ovarian weight, follicle number and size and oocyte 

quality in the equine species. Data presented in the current 

work are essential for a better understanding of the 

reproductive pattern of the Jennies, and also to understand 

how to maximize reproductive efficiency, which is crucial 

to enable the conservational programs of breeds at risk of 

extinction. Data indicated that season, age and body 

condition score have a direct influence on reproduction in 

Jennies. The present work indicated that Jennies expressed 

seasonal patterns in ovarian activity in terms of ovarian 

weight and the number of ovarian follicles. Despite 

summer is a dry season in Egypt with less green fodder than 

winter, the right, left and total ovarian weight was 

significant (P<0.05) higher during summer when compared 

to the other seasons. These were accompanied also with a 

significant (P<0.05) higher number of ovarian follicles. 

These results are in accordance with that previously 

recorded in Jennies (Lemma et al., 2006; Henry et al., 

1987). In equines, seasonal reproductive activity is 

regulated by the photoperiod, despite the proven effect of 

other factors such as body condition score and age (Aurich, 

2011). Equine are long-day breeders, the season of 

ovulation can be classified into an autumn transitional 

phase, a mid-an ovulatory period and a spring transitional 

phase when the mare return into cyclic activity. During the 

mid-an ovulatory period, follicular development is 

minimal (Aurich, 2011). This reproductive “seasonality” in 

the mare appears to be attributed to the progressive 

decrease of the daylight in winter via a pineal-melatonin 

mechanism (Kilmer et al., 1982). Hypothalamic 

concentrations of GnRH in pony and horses were higher 

during summer than winter (Salazar-Ortiz et al., 2011). In 

contrast, other studies were recorded that Jennies has a 

regular reproductive activity throughout the year 

(Blanchard et al., 1999; Contri et al., 2014). These 

differences could be related to the difference in latitude or 

environmental conditions in which these studies were 

performed. 
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Table 1: Effect of season on ovarian weight, number of different size antral follicles, oocytes number and quality in Jennies ovaries 

(Mean ±SE). 

Season 

Item 

Season 

Summer Autumn Winter Spring 

Ovarian weight     

Right ovary/g 24.2±2.2* 18.1±2.4 13.5±1.6 20.7±2.8 

Left ovary/g 25.3±2.8* 17.7±1.8 16.3±2.1 17.2±3.8 

Total ovarian weight/g 49.5±4.0* 35.8±3.8 29.8±3.4 37.9±3.2 

Ovarian follicles     

Large size follicles (> 20 mm) 1.7± 0.2 1.1 ±0.2 1.2± 0.2 1.0± 0.2 

Medium size follicles (11-20 mm) 1.0±0.1 1.0±0.1 0.7±0.1 1.1±0.2 

Small size follicles (2-10 mm) 0.7±0.1 0.4±0.1 0.8±0.2 0.2±0.1* 

Total numberof follicles/ovary 3.5±0.2* 2.5±0.2 2.7±0.3 2.3±0.1 

Oocytes/ovary     

Excellent 0.74±0.19 0.39±0.05 1.05±0.08 0.90±0.20 

Good 0.60±0.15 0.50±0.10 0.54±0.24 0.31±0.07 

Expanded 0.41±0.12 0.27±0.14 0.29±0.17 0.17±0.11 

Denuded 0.29±0.10 0.25±0.09 0.19±0.09 0.24±0.09 

Total no. oocytes/ovary 1.94±0.36 1.50±0.08 2.06±0.36 1.66±0.14 

*Superscript within the same row differ significantly at P<0.05. 

 

Table 2: Effect of age on ovarian weight, number of different size antral follicles, oocytes number and quality in Jennies ovaries (Mean 

±SE). 

 

Item 

Age 

Young (<7 years) Middle (8-15 years) Aged (> 15 years) 

Ovarian weight/g    

Right ovary/g 16.02±3.08 20.93±1.97 24.95±3.17 

Left ovary/g 14.00±2.83* 23.12±1.72 21.48±2.01 

Total ovarian weight/g 30.02±4.19* 44.05±2.62 46.43±3.67 

Ovarian follicles/ovary    

Large size follicles (> 20 mm) 1.55±0.13 1.25±0.19 0.67±0.20* 

Medium size follicles (11-20 mm) 1.50±0.27 2.00±0.20 2.13±0.34 

Small size follicles (2-10 mm) 1.91±0.42 3.04±0.33* 2.80±0.29 

Total number of follicles/ovary 5.17±0.24 6.29±0.12* 5.60±0.26 

Number of oocytes/ovary    

Excellent 1.03±0.41 1.51±0.22 1.27±0.39 

Good 1.13±0.30 0.94±0.13 0.80±0.29 

Expanded 0.46±0.16 0.60±0.14 0.60±0.24 

Denuded 0.79±0.22* 0.47±0.20 0.13±0.08 

Total no. oocytes/ovary 3.41±0.62 3.43±0.34 2.80±0.65 

*Superscript within the same row differ significantly at P<0.05. 

 

Table 3: Effect of body condition score on ovarian weight, number of different size antral follicles, oocytes number and quality in 

Jennies ovaries (Mean ±SE). 

 

Item 

Body condition score 

BCS-1 BCS-2 BCS-3 BCS-4 

Ovarian weight     

Right ovary/g 16.72±1.48 20.19±1.68 21.21±1.86* 15.75±1.18 

Left ovary/g 18.78±1.20 19.66±1.73 24.44±1.11* 16.20±1.31 

Total ovarian weight/g 35.50±1.90 39.85±2.42 45.65±2.11* 31.95±1.77 

Ovarian follicles/ovary     

Largesizefollicles(>20 mm) 2.57±0.43 2.60±0.32 3.58±0.22 0.67±0.58* 

Medium size follicles (11-20 mm) 2.03±0.30 1.71±0.19 2.25±0.13 0.67±0.58* 

Smallsizefollicles(2-10mm) 1.27±0.34 1.29±0.24 1.25±0.48 0.00±0.00* 

Total number of follicles/ovary 5.87±0.07 5.60±0.07 7.08±0.19* 1.33±0.13* 

Number of oocytes/ovary     

Excellent 1.21±0.22 1.46±0.26 2.67±0.49* 0.33±0.29* 

Good 0.82±0.13 1.02±0.19 1.00±0.33 0.33±0.29* 

Expanded 1.07±0.26* 0.48±0.11 0.08±0.08 0.00±0.00* 

Denuded 0.36±0.17 0.56±0.13 0.67±0.25 0.00±0.00 

Total number of oocytes/ovary 3.37±0.39 3.52±0.35 4.42±0.58* 0.66±0.29 

*Superscript within the same row differ significantly at P<0.05. 

 

The season has no significant effect on the number or 

the quality of COCs obtained per ovary. These results are 

consistent with that previously reported in 

donkey (Shawky, 2010), and mares (Dell’Aquila et al., 

1996; Choi et al., 2015). Those authors mentioned that 

oocytes yield per follicle does not seem to be conditioned 

by seasonal variations. On the contrary, other studies have 

indicated that the quality of equine COCs was greatly 

affected by season, the majority of oocytes collected during 

the breeding season functionally communicated with their 
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surrounding cumulus cells, but such communications were 

completely interrupted in oocytes collected during the non-

breeding season (Colleoni et al., 2004). Also, the 

preovulatory follicle was associated with the low oocyte 

viability at the end of the breeding season (Morel et al., 

2010). These differences could be due to the methods of 

COCs assessment, the age of animals or breed.  

Results showed that right, left ovaries and overall 

ovarian weight was significantly (P<0.05) low in young 

age Jennies when compared with middle or aged animals. 

However,  

The present results showed that right, left and total 

ovarian weight was significant (P<0.05) low in 1-7 years 

old Jennies compared with 8-14 years old or > 15 years old 

Jennies. A possible explanation is that younger females 

display an increased imbalance in their energy metabolism 

than middle-aged jennies, and a lower amount of body 

adipose reserves might increase their susceptibility to 

experiencing a profound negative energy balance that will 

exert stronger negative influences on the hypothalamic-

pituitary-ovarian axis. In addition, the number of the small 

and total number of ovarian follicles was significantly 

(P<0.05) higher in 8-14 years old Jennies than that of 1-7 

years old ones. While the number of large size ovarian 

follicles was significant (P<0.05) lower in > 15 years 

Jennies than that of 8-14 years old or 1-7 years old Jennies. 

Similar situations have been described in mares, young 

mares aged 2–5 years old are believed to have less inherent 

body fat, which does not allow them to successfully 

mobilize energy stores to support regular ovarian activity, 

thereby entering into anoestrus more easily and exhibiting 

a longer anoestrus than mature mares (Fitzgerald and 

McManus, 2000; Ginther et al., 2004). Also, advanced age 

tended to have a negative effect on follicle growth 

(Altermatt et al., 2012).On the contrary, there is a similarity 

in the growth rate of the emerging or dominant follicle 

between young, middle-aged and aged mares,  although 

aged mares tended to ovulate smaller follicles than middle-

aged mares (Claes et al., 2017). Moreover, in the current 

work, age oocytes number and quality did not differ 

between middle (8 to 14 years old) and aged Jennies (>15 

years old), however, the number of poor quality oocytes 

was significantly (P<0.05) higher in 1-7 years Jennies 

when compared with >15 years old Jennies. On the 

contrary, oocyte morphology differed with age and was 

associated with developmental competence. In old mares, 

zona pellucidae (ZP) was thinner than in young mares, and 

perivitelline space and inner ZP volume (central cavity 

within the ZP) were larger and associated with oocytes that 

failed to develop (Altermatt et al., 2009). This difference 

could be due to a species difference. 

The influence of BCS on ovarian weight, follicle 

number and oocytes yield, and quality has not been 

investigated in donkeys. In the current investigation BCS-

3 Jennies (Good BCS) has a significantly (P<0.05) higher 

right, left and total ovarian weight. Also, their ovaries 

showed the highest (P<0.05) number of large size ovarian 

follicles and total ovarian follicles compared with other 

groups. On the contrary, BCS-4 (fatty animals) showed a 

significant (P<0.05) decrease in ovarian weight compared 

with thin Jennies (BCS-1) or moderate size Jennies (BCS-

2). Also, Jennies with BCS-4 have a significantly (P<0.05) 

low number of the large, medium and a total number of 

antral ovarian follicles when compared with Jennies of 

BCS-1 or BCS-2. These results are consistent with that 

previously reported in mares (Godoi et al., 2002; Vick et 

al., 2006; Fradinho et al., 2014). Jennies with an 

unchanging body condition score; residual influences of 

adiposity on hypothalamic-pituitary-ovarian dynamics will 

persist, thus enabling the regular ovarian activity to be 

maintained. While low BCS in mares was associated with 

a consistent seasonal an ovulatory state and low BCS and 

leptin concentrations were related to inactive ovaries 

during winter and early spring (Gentry et al., 2002). On the 

other hand, obesity was associated with aberrations in the 

estrous cycle and perturbation in several markers of 

metabolic status (Vick et al., 2006).  

Moreover, the number of excellent and fair quality 

COCs recovered per ovary was higher (P<0.05) in BCS-3 

Jennies when compared with the other groups. Jennies with 

BCS-4 showed lower (P<0.05) COCs quality than the other 

Grades. In Jennies, obesity was associated with disrupted 

reproductive cycles, and maternal obesity causes 

alterations in the follicle and oocyte (Quaresma et al., 

2015). 

 

Conclusions 

Egyptian Jennies showed seasonality in their ovarian 

activity. There is a direct influence of season, BCS and the 

age on ovarian weight in Jennies. The number of ovarian 

follicles is primarily affected by BCS and age of the animal, 

while the oocyte's number and quality are affected by BCS. 
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