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Abstract

This study was carried out at the Ngaoundere Slaughterhouse (Adamawa region, Cameroon) on 353 normal cyclic zebu cows to investigate the effects 
of the stage of sexual cycle, harvesting technique and season on follicular dynamics and quality of cumulus-oocyte complexes (COCs). The stages of the 
sexual cycle were divided into estrus, metestrus, diestrus and proestrus. The oocytes were retrieved using the following techniques: slicing, aspiration, 
puncture, aspiration followed by slicing and puncture followed by slicing and classified into grades I, II, III and IV. The results indicated that the 
follicular population was 27.26±1.95 follicles per cow. Oocytes recovery rate was 10.14±8.37 per cow. The oocyte quality index and oocytes grade I and II 
acceptable for in vitro embryo production (IVEP) were 2.35 and 58.28%, respectively. The stage of sexual cycle of cows has a significant effect (P < 0.05) on 
the large follicles (> 8 mm) but has no effect on the yield and oocytes quality. The rainy season offers a higher number of follicles and oocyte quality than 
the dry season. Slicing technique allows the best yield of oocyte acceptable for IVEP. The ascending hierarchical classification revealed that, to obtain the 
best rate of oocyte yield and quality, they should be retrieved in Gudali from the Vina by slicing or aspiration in the rainy season at estrus or metestrus 
stage, lower than 6 years old with a live weight of 368.53 kg, body condition score of 3 and ovaries weight > 5g with medium follicles (3 to 8 mm).
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Introduction

The Adamawa region is an excellent pole for livestock (Bos 
indicus) in Cameroon. With more than 10% of the total bovine 
livestock [1], this region also represents the favorable area for 
convergence of the majority of bovine breeds present in the three 
northern region (Far North, Adamawa and North) and most of the 
cows are slaughtered at the municipal slaughterhouse of Ngaoundere. 
Despite the diversity of breeds, animal productivity remain low and 
is not enough to cover the demand of the population. For several 
years, the results of artificial insemination (AI) in sub-Saharan Africa 
and in Cameroon remains low, less than 30% [2]. The problems 
could be either zootechnical, nutritional, sanitary or poor control 
of reproductive pathologies [3]. Assisted Reproductive Technologies 
(ARTs) such as AI, IVEP and multiple ovulation and embryo transfer 
(MOET) have been used to increase reproductive efficiency and 
accelerate genetic gain [4]. An intense interest exists internationally in 
investigating in vitro procedures for the maturation, fertilization, and 
culture of immature oocytes from domestic mammalian species. In 
cattle, IVEP is established as a commercial enterprise that includes the 
salvage of genetics from infertile females, as well as large-scale embryo 
production from slaughterhouse material [5]. The method of IVEP of 
embryos involves several steps: in vitro maturation of oocytes (IVM), 
in vitro fertilization of oocytes (IVF) with capacitated sperm and in 
vitro culture (IVC) of embryos up to blastocyst stage. 

Collection of good-quality oocytes is the initial step for IVEP. 
The ovaries obtained at the slaughterhouse constitute the best source 
of affordable oocytes for large scale production of bovine embryos 
through IVM and IVF [6]. The follicular population and oocyte 
quality of local breeds depends on several factors such age, weight, 
body score condition, physiological status of the female, nutritional 
and pathological status [3, 7]. What about the stage of the sexual cycle, 
the harvesting technique and the season in zebu (Bos indicus) rearing 
in tropical environment? It is in this context that this study was carried 
out with the main objective to evaluate the effects of stage of sexual 
cycle, collection technique and season on the follicular dynamic and 
oocyte quality in zebu cows. Specific objectives were to characterize the 
slaughtered zebu cows, determine the follicular population and oocyte 
quality and study the correlated effects between the characteristics of 
the cows, the stage of the sexual cycle, the harvesting technique and 
season on the follicular population and oocyte quality.

Materials and Methods

Study area and animals characteristic

The study was carried out in Ngaoundere, Adamawa region 
of Cameroon (Latitude 7°19′39″N and Longitude13°35′04″E), 
characterized by a sudano-sahelian climate. Average annual 
precipitations oscillate between 900 and 1500 mm with a short dry 
season of 4-5 months (November to March) and long rainy season 
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of 7 to 8 months (April to October). The samples were collected at 
the Ngaoundere municipal slaughterhouse from August 2016 to June 
2017 and analyzed in the Veterinary Research Laboratory of IRAD 
Wakwa. 

353 cyclic local zebus of different breeds [Gudali (158), Djafoun 
(77), Akou (112) and Bokolo (6)] were randomly selected for this 
study. Cows were originated from the Mayo Rey (52.69%) and Vina 
(47.31%) division. The mean live weight was estimated from thoracic 
circumference (THC) as follows: 124.69 – 3.171 x THC + 0.0276 x 
THC² [8]. Body condition score (BCS) and age of cows have been 
determined as described by [9, 10] Natumyana et al. and Moussa 
Garba et al. respectively. 

Determination of follicular population and stage of sexual 
cycle 

Ovaries (706) were obtained within 2 h from the Ngaoundere 
municipal slaughterhouse (NMSH) and were transported to the 
laboratory in a thermos flask containing sterile warm (34-36°C) 
physiological normal saline solution (0.9%) supplemented with 
antibiotics (0.5 mg/ml penicillin-streptomycin sulfate). All ovaries 
were cleared off the attached tissue and mesovarium (trimming) and 
weighed using an electronic scale, Mettler PC 2000. The trimmed 
ovaries were subject to washings (5-6 times) with warm saline fortified 
with antibiotics and transferred into the laminar flow. The apparent 
follicles on each ovary were measured using an electronic Stainless 
Hardened caliper then counted and classified according to their 
diameter into small (<3 mm), medium (3-8 mm) and large (>8 mm) 
follicles [9]. Then the size and colour of corpus luteum present on 
the ovary were noted and permitted to distinguish four stages of the 
sexual cycle (proestrus, estrus, metestrus and diestrus) as described by 
Nguyen-Kien and Hanzen [11,12]. 

Oocytes recovery

Oocytes were harvested by five techniques in a graded plastic 
Petri dish containing oocyte collection medium (Dulbecco’s 
phosphate-buffered saline): Aspiration [13] slicing [14] puncture 
aspiration+slicing [15] and puncture+slicing with an 18 Gauge needle. 
The collected oocytes were finally graded as excellent (I), good (II), 
fair (III), and poor (IV) quality under the stereo microscope (×10) 
depending on their cumulus investment and cytoplasmic distribution 
[16]. The overall quality was calculated as an index using the formula 
[(G I x 1 + G II x 2 + G III x 3 + G IV x 4) / Total number of oocytes 
recovered] as described by Duygu et al. [17]. Index values that 
approache one reflected good quality oocytes.

Correlated effects of stage of sexual cycle, collection techniques, 
season and cow characteristics (origin, breed, body score condition, 
age, average ovary weight) on follicular population and oocyte quality

The correlation was realized by multiple correspondence analysis 
and 11 variables were retained: nine were nominal actives (origin, 
breed, age, BCS, mean weight of ovaries, stage of sexual cycle, season, 
collection technique, follicles) with two to five modalities and two 
were continuous illustrative variables (oocyte quality and cow weight). 
After the selection of these variables and their coding, the following 

analysis was carried out: multiple correspondence analysis, description 
of factorial axes, hierarchical ascending classification, tree break, class 
description and characterization of typology classes as recommended 
by Lebart et al. [18].

Statistical analysis

The collected data were analyzed using the Statfgraphic software 
plus version 5.0. The Wilcoxon and Kruskal-Wallis tests were used to 
compare different group. All the data were represented in mean ± SEM 
(Standard Error of the Mean) and percentage at 5% level of confidence. 

Results 

Characterization of slaughtered cows

The BCS and age (min- max) of animals were 2.80±0.04 (2-4) and 
6.56±2.34 years (3-5), respectively. The mean weight of the ovaries 
was 1.91±0.07 g with 1.91±0.07g and 1.80±0.07 g for the right and 
left ovaries, respectively. The mean weight (MW) of ovaries in % 
(number) regrouped in classes [(I < 3g), (3 ≤ II ≤ 5g) and (III > 5g)] 
were 29.75 (105), 49.29 (174) and 20.96 (74), respectively. The weight 
of cows significantly increases (p < 0.05) with BCS. The right ovaries 
were heavier than the left one whenever the cow has a BCS ≥ 3, aged 
more than 5 years and in the rainy season (Table 1).

Follicular population

Of the 706 ovaries collected, 9623 follicles were counted. The 
average total numbers of follicles per cow was 27.26±1.95. Small 
(< 3mm), medium (3 - 8 mm) and large (> 8 mm) follicles were 
17.6±1.67  (64.56%), 9.18±0.88  (33.69%) and 0.48±0.08 (1.75%) per 
cow, respectively. Only the season of the year has a significant effect 
(P< 0.05) on the medium and large follicles as well as on the total 
follicular population. Follicles were more abundant in rainy than dry 
season (Table 2).

Oocyte quality

From 706 ovaries, 3581 oocytes were harvested. The mean 
oocyte yield per cow was 10.14±8.37. The oocytes quality grade I, II, 
III and IV were 2.93±3.07 (28.85%), 2.98±3.08 (29.41%), 1.95±2.32 
(19.24%) and 2.28±2.53 (22.51%), respectively (Figure 1). The number 
of cultivable oocyte for IVEP (G I and II) was 9.00±5.52 (58.28%). 
Oocyte index was 2.35. Slicing enables to collect a higher number of 
oocyte especially cultivable oocyte as compared to other techniques 
(P=0.00). The oocyte yield and quality, grade I and II were higher 
(P=0.00) in the rainy than dry season (Table 3).

Correlated effects on the characteristics of cows (origin, race, BMI, 
average weight of ovaries), state of sexual cycle, harvesting technics 
and season on the follicular population and oocyte quality

From the hierarchical ascendant correspondence, two classes 
were identified as shown in Figure 2 following the factorial axe 1 and 
2. Class 1 was constituted of Djafoun (38.59%), Akou (58.15%) and 
Bokolo  breeds from the Mayo Rey (99.46%); BCS 2- 4 ; 6-9 and 10-
15 years old; mean weight of ovaries < 3g and 3-5g; sexual cycle in 
the stage of diestrus and proestrus; collection technique by puncture, 
aspiration-slicing, puncture-slicing; dry season (60.87%); diameter of 
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follicles < 3 mm and > 8mm. Class 2 was constituted of cows from 
Vina (98.24%); Gudali breed (92.94%); BCS 3 (85.29%); 3-5 years old; 
average weight of ovary >5g; sexual cycle in the stage of estrus and 

metestrus; harvesting technique by slicing (32.94%)  and aspiration; 
rainy season (53.53%) ; mean diameter of follicles 3-8 mm. 

Table 1: Effects of origin, breed, BCS, age and season on weight of cows and ovaries (mean ± SEM) 

Factors N Mean weight of cows (Kg) Left ovary Weight (g) Right ovary Weight (g) Ovary weight (g)

Origin of cows Mayo Rey 186 362.11±3.98a 1.72±0.10 a 1.91±0.11 1.82±0.05 a

Vina 167 367.45±4.20a 1.89±0.11 b 2.05±0.11 2.01±0.05 b

p-value 0.28 0.02 0.06 0.01

Breed Gudali 158 368.53±4.31a 1.89±0.06a 2.03±0.06a 2.0±0.06a

Djafoun 77 365.76±6.17a 1.77±0.08a 196±0.08a 1.83±0.08a

Akou 112 360.63±5.12a 1.70±0.07a 1.91±0.07a 1.84±0.07a

Bokolo 6 322.39±22.10a 1.67±0.29a 2.0±0.30a 2.0±0.30a

p-value 0.11 0.21 0.61 0.19

BCS Thin [1-2] 70 342.67±6.38 a 1.54±0.08 a 1.76±0.09 a 1.66±0.08 a

Good [3] 282 370.02±3.18 b 1.87±0.04 b 2.0 ±0.04 b 1.98±0.04 b

Fat [4-5] 1  383.26±53.34 a, b 1.0±0.70 a, b 2.0±0.73 a, b 2.0±0.7 a, b

p-value 0.00 0.00 0.02 0.00

Age (Years) [3-5] 161 361.77±4.29a 1.65±0.06 a 1.8 ±0.06 a 1.76±0.05 a

[6-9] 147 368.1±4.48a 1.96±0.06 b 2.06±0.06 b 2.03±0.06 b

[10-15] 45 363.59±8.11a  1.82±0.10 a, b 2.18±0.11 b 2.07±0.10 b

p-value 0.56 0.00 0.01 0.00

Season Rainy 162 369.43±4.26a 1.93±0.11a 2.07±011 a 2.03±0.06 a

Dry 191 360.57±3.92a 1.69±0.1b  1.90±0.10 b 1.81±0.05 b

p-value 0.05 0.00 0.03 0.00

a,b,c : In each column different letters indicated significant difference between group (p<0.05). N=number of cows. SE=standard error

Table 2: Population and follicular size following the stage of the sexual cycle and season (mean±SEM)

N

Number of follicles Average number of follicles

Factors
Small

(<3mm)
Medium
(3-8mm)

 Large
 (>8mm)

Stage of the sexual cycle Metestrus 9 11.33±5.29 a 12.00±2.79 a  1.22±0.25 a, b 24.56±6.21 a

Diestrus 164 18.14±1.24 a 10.26±0.65 a 0.37±0.06 c 28.77±1.45 a

Proestrus 148 18.49±1.30 a 8.24±0.69 a  0.36±0.06 c, d 27.09±1.53 a

Estrus 32 12.5±2.81 a 8.24 ±0.69 a  1.34±0.13 a 21.09±3.29 a

p-value 0.14 0.27 0.00 0.21

Season Rainy 162 17.78±2.72 a 11.34±1.42 a 0.67±0.15 a 29.8±3.21 a

Dry 191 17.45±2.07 b 7.36±1.04 b 0.31±0.08 b 25.11±2.35 b

p-value 0.65 0.00 0.00 0.03

a,b,c,d : In each column different letters indicated significant difference between group (p<0.05). N=number.
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Figure 1: oocyte quality: (a) grade I ; (b) grade II ; (c) grade III ; (d) grade IV.

Table 3: Effect on the stage of sexual cycle, harvesting techniques and season on the yield and oocyte quality (Mean ± SEM)

Oocyte grades

Factors N Average 
number of oocytes

I II III IV Selected oocytes for 
IVEP. I and II (%)

Stage of the 
sexual cycle

Metestrus 9 12.56±2.79 a 3.00±1.03 a 3.67±1.03 a 2.89±0.77 a 3.00±0.84 a 6.67±1.85 a (53.1)

Diestrus 164 10.47±0.65 a 2.77±0.24 a 3.08±0.24 a 2.07±0.18 a 2.50±0.20 a 5.85±0.43 a (56.14)

Proestrus 148 10.16±0.69 a 3.18±0.25 a 2.94±0.25 a 1.93±0.19 a 2.12±0.21 a 6.11±0.46 a (60.17)

Estrus 32 7.94±1.48 a 2.53 ±0.54 a 2.50±0.55 a 1.19±0.41 a 1.79±0.45 a 5.03±0.98 a (63.39)

p-value 0.42 0.24 0.57 0.10 0.43 0.55

Harvesting 
technique

Slicing 83 15.61±0.83 a 4.67±0.31 a 4.80±0.32 a 2.88±0.24 a 3.27±0.27 a 9.47±0.55 a (60.65)

Puncture 85 7.28±0.82 b, e 2.18±0.30 b 2.19±0.31 e,b 1.3 ±0.24 b, d 1.67±0.26 b, d 4.31±0.54 b (59.13)

Aspiration 81 5.77±0.84 c, b 1.23±0.31 c 1.77±0.32 c, b 1.32±0.25 c, b 1.44±0.27 c, b 3.00±0.56 c, b (52.03)
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Aspiration + 
Slicing

80 11.94±0.84 d 3.49±0.31 d 3.13±0.32 d 2.48±0.25 a 2.85±0.27 a, e 6.61±0.56 d (55.39)

Puncture + 
Slicing

24 10.17±1.53 e, d  3.58±0.57 a, d  3.17±0.59 e, d 1.42±046 d, c  2.00±0.50 d, c, e 6.75±1.02 e, d (66.39)

P-value 0.00 0,00 0,00 0.00 0.00 0.00

Season Rainy 162 11.91±1.41a 3.01±0.44 a 3.34±0.48 a 2.54±0.43 a 3.01±0,46 a 6.35±0.82 a (53.34)

Dry 191 8.65±1.05 b 2.85±0.46 a 2.68±0.44 b 1.45±0.24 b 1.66±0.27 b 5.53±0.81b (53.98)

p-value 0.00 0.19 0.00 0.00 0.00 0.03

 a, b, c, d, e : In each column different letters indicated significant difference between group (p<0.05). N=number.

Figure 2: Distribution of the two classes representing the individuals in a factorial plan 1 and 2.

Table 4: Variation of the total follicles, yield and oocyte quality per cow the two classes (Mean ± SEM)

Factors N

Mean weight 
of cows
 (Kg)

 Oocytes grades
Selected oocytes

 for 
IVEP. I and II 

(%)

Average 
number of 

oocytes I II III IV

Average 
number of 

follicles

Classe I 183 349.59±11.13 29.00±19.00 8.50±7.00 2.41±2.66 2.46±2.64 1.66±2.13 1.97±2.32 4.87±5.30 (57.3)

Classe II 170 368.53±4.31 26.00±18.00 11.91±9.00 3.48±3.37 3.54±3.42 2.27±2.47 2.62±2.67 7.02±6.79 (59.00)

P - value 0.10 0.12 0.75 0.52 0.61 0.92 0.68 0.17

The class 2 (n=170; 48.02%) presents a better yield and oocyte 
quality than class 1 (n=183; 51.98%) as illustrated in Table 4.

Discussion

Follicular population 

The average follicular population counted on the surface of ovaries 
was similar to those obtained by Carvalho, et al. [19] on Nellore Zebus 

and inferior in Moroccan zebus [20]. The high number of small 
follicles is due to the high numbers of reserve follicles recruited to 
evolve until one arrives the stage of dominant follicle. Cows of class 1 
have mostly small (<3mm) and large (>8mm) follicles whereas those 
of class 2 have more medium (3-8mm) follicles. The differences might 
be due to several factors which constitutes each class like the stage 
of sexual cycle. In this study, many follicles were observed during 
diestrus and proestrus (class1) than metestrus and estrus (class 2). 
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A high number of punctured follicles was reported at the onset of 
the cycle (4.9) than the middle (3.4) or the end (3.9) [12]. In estrus 
stage, the follicles are large in size and only one becomes dominant 
(12-13mm) while the others are atresia [21]. This might explain the 
fact that more large follicles were observed in estrus stage in this 
study. The higher number of follicles accounted on the ovary in the 
rainy season was reported by Fassi Fihiri [19] and Amer and Moose 
[22] who indicated that ovarian activity is better in the rainy season 
(class 2). The reproductive performance in the dry season is low and 
affects the follicular growth due to thermic stress [23, 24]. Barati et 
al and Al-katanani et al. explained that heat increase the number of 
small follicles as we observed in class 1 of this study and transferable 
embryos are in bad quality [25]. Armstrong [26] reported that fertility 
of all species reduce with age. This is in accordance with this study 
where the number of follicles reduce with age. Older cows in the dry 
season are lighter in weight due to the scarcity of forage and their 
ovaries are less heavy (<5g) as in the class 1 [27]. 

Oocyte quality

The oocyte yield and quality are similar to those obtained by Mutha 
and Uma [28] and superior to that reported by several authors [9, 26, 
29]. The difference might be due to the harvesting techniques and 
other factors (breed, age, BCS, weight of ovary and the origin of the 
cow). Different factors between class 1 and 2 explained the variation of 
the oocyte production. The number of oocytes graded I, II, III and IV 
as well as cultivated oocytes (I and II) reduces in class 1 with respect to 
the global population compared to class 2. The best quality of oocyte 
is obtained from follicles with average size and there is a linear growth 
relationship between the diameter of oocytes and the size of ovarian 
follicle [30]. Acceptable oocytes for IVM (G I and II) are in the interval 
of 30 to 60 % oocytes as reported by Natumyana et al. [9]. Considering 
the multifactorial analysis, metestrus and estrus (class 2) offers a 
better yield and quality oocytes than proestrus and diestrus (class 1). 
Hanzen [11] reported that the level of oocytes recovered (50 and 53 %) 
is the same at all the stages of the sexual cycle. Meanwhile Mutha and 
Uma [28] showed that the oocyte yield and the quantity of cultivable 
oocytes are greater when the cows are in the follicular (proestrus and 
estrus) than (metestrus and diestrus) luteal stage. At the onset of the 
sexual cycle of the cow, numerous reserve follicles are continuously 
recruited to develop to the stage of De Graafian follicles. Thus, estrus 
and metestrus constitute the favourable period of the sexual cycle for 
the emergence of quality oocytes.

The oocyte yield and quality as well as the cultivable oocytes (I and 
II) are higher using the slicing technique compared to others (class 
2). These results are similar to those obtained by several authors Das 
and Santra Mutha and Uma, Bohlooli et al.,) [31, 28, 15]. The slicing 
technique collects free oocytes at the surface as well as the cortex from 
ovaries. Moreover, certain oocytes lost by the aspiration and puncture 
methods can be recovered by slicing and could increase the quantity of 
retrieved oocytes [15]. The low yield of oocyte collected by aspiration 
may be due to the method which retrieves only the superficial follicles 
and to the pressure applied by aspiration as well as the size of the 
needles [32]. In an experiment in which recovered oocytes were 
cultured to blastocysts, Wikland et al. [33] showed that the percentage 

of recovered oocytes that became blastocysts decreased as pressure 
increased. Fry et al. [34] aspirated 5827 follicles from 720 ovaries 
with 17 and 20-gauge needles. More than 5000 of these follicles were 
2–4 mm in diameter. The rest were 5–15 mm. With 17-gauge needles, 
56  % of the follicles yielded oocytes, but with 20-gauge needles, 
recovery dropped to 45 %. The highest recovery also occurred with the 
highest aspiration pressures. The pressures evaluated ranged from 25 
to 100 mm Hg. Recovery was 46 % at 25 mm Hg and 59 % at 100 mm 
Hg. They concluded that the optimal pressure to maximize recovery 
of bovine COCs was 55 mm Hg with a 17-gauge needle and 77 mm 
Hg for a 20-gauge needle. As aspiration pressures increased, the 
recovered oocytes were increasingly denuded of cumulus cells [35]. 
This loss of cumulus cells also occurred at lower aspiration machine 
pressures using larger diameter needles compared to smaller diameter 
needles, suggesting that needle gauge and pressure interdependently 
contributed to outcome. Dominguez [36] and Fassi Fihri [7] noted 
a significant difference in terms of oocyte yield in the European and 
zebu breeds as well as crossbreeds. Gudali breeds from the Vina 
division, of at least 6 years old during estrus and metestrus associated 
with other factors like slicing or aspiration techniques in the rainy 
season offers a better oocyte yield (class 2). This finding confirms the 
adaptability of the Gudali breed in its natural environment (class 2). 
Moreover, Natumanya et al. [9] reported that oocyte yield and quality 
are reduced in tropical zebus aged more than 10 years, thin (BCS 1 and 
2) and having small ovaries (< 5g) (class 1).

Ovarian activity was best in the rainy season [22]. The rainy season 
allows emergency of medium follicles (class 2). The slicing technique, 
when practiced in the rainy season (class 2), optimises the oocyte yield 
[36, 22]. Kubovicova et al. [47] obtained a high oocyte yield when the 
cows had an average BCS (class 2). They confirmed that the nutritional 
status of the animal had an influence on the ovarian function in zebu 
cows, likewise the season of the year [37]. In fact, there is abundant 
and quality pasture in rainy season resulting in well fed cows. The 
metabolic and hormonal changes between the rainy and dry season 
affect follicular dynamics and oocyte development. During oogenesis 
and folliculogenesis, several dynamic processes that are regulated by 
endocrine, paracrine and autocrine signals have been shown to be 
linked with energetic status and the quality of oocyte depends on the 
nutritional condition under which the follicle began its development 
[38]. Moreover, ooocyte growth and maturation are believed to 
be particularly sensitive to changes in nutritional, chemical, and 
endocrine environments.

This study indicates that the oocyte yield and quality are high 
when they are retrieved in class 2 conditions. To improve the IVEP, it 
is recommended to harvest the oocytes in zebu cattle by slicing in the 
rainy season at estrus or metestrus. 
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