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INTRODUCTION

Livestock production plays a vital role in Cameroon’s
agricultural economy, contributing significantly to the na-
tional investment budget (MINEPIA, 2019). However, the
productivity of local cattle breeds in the country remains
low, posing challenges to meet the growing demand for
animal protein (FAO, 2007). Poor genetic makeup, nutri-
tional deficiencies, pathologies and poor management of
growth and reproduction have been identified as limiting
factors in cattle productivity (Kouamo et al., 2016). To
address these challenges, Assisted Reproductive Tech-
niques (ARTs) such as Artificial Insemination (Al), In Vitro
Embryo Production (IVEP), and Embryo Transfer (ET) have
been developed to improve reproductive efficiency and
genetic gain (Manik et al., 2003).

Artificial Insemination primarily focuses on improving
male reproductive potential, necessitating the exploration
of alternative reproductive technologies like IVEP and ET
to enhance genetic improvement in local cattle breeds.
For the success of these biotechnologies, the knowledge
on the ovarian potential of slaughtered cows is obvious
(Dorice et al., 2019; Hachim et al., 2023).

The collection of ovaries from slaughterhouses offers
a feasible and abundant source of primary oocytes for
the large-scale production of embryos through in vitro
maturation (IVM) and in vitro fertilization (IVF) (Kouamo
et al., 2014). However, the follicular population, oocyte
yield, and quality of local cattle breeds are often subop-
timal, influenced by various factors including breed, age,
weight, body condition score (BCS), and physiological,
nutritional, and pathological status of females (Dorice et
al., 2019; Hachim et al., 2023).

In Cameroon slaughterhouses, a specially in Etoudi,
Yaoundé in which more than 350 cows is slaughtered
per day, there is limited research on physiological status
of females slaughtered. Also, the lacks knowledge on the
effects of environmental and genetic factors on follicu-
lar population, oocyte yield, and quality. Therefore, this
study aimed to evaluate the impact of breed, age, BCS,
and nutritional status on the follicular population, oocyte
yield, and quality of local Zebu cows. By assessing the
follicular population and oocyte quality and establishing
their relationship with cow characteristics, nutritional
status, and energy and protein parameters, this study
aims to contribute to the improvement of reproduction in

Cameroonian Zebu cattle.

Addressing the challenges in livestock production and
enhancing reproductive biotechnologies are essential for
improving livestock productivity in Cameroon and meet-
ing the growing demand for animal protein. With cattle
playing a crucial role in the country’s economy and food
security, understanding the factors influencing reproduc-
tive success and implementing effective ARTs can contrib-
ute to the genetic improvement of local cattle breeds and
enhance their productivity.

MATERIALS AND METHODS

Study area

The study was carried out in Etoudi - Yaoundé, Centre
Region, Cameroon with coordinates 3° 52" N and 11° 31"
E. The climate of this zone is of the Savanna type accord-
ing to the Koppen-Geiger classification with a mean an-
nual temperature of 23.5C and mean annual pluviometry
of 831.7 mm. The samples were collected at the SODEPA
slaughterhouse Etoudi from February to June 2022.

Animal material

The study was carried out on a total of 144 Bos indicus
cows of 3 breed types (Goudali, Red and White Fulani).
This is mainly because these breeds are the most common
in Cameroon (Paguem et al., 2020). Amongst these were
50 pregnant cows and 94 non-pregnant cows all hail-
ing from different places but mostly from the Adamawa
region of Cameroon. The animals were selected with re-
spect to the level of responsiveness and cooperation of
the butchers.

External measurements

Body weight was determined by measurement of Tho-
racic Perimeter using a Rondo Measuring tape graduated
in cm. Thoracic perimeter (TP) is used to calculate body-
weight of cattle in the absence of a weighing balance be-
cause it is a relatively simple and accurate measurement
to take. TP is the circumference of the chest at the level of
the fifth rib, and it is correlated with bodyweight in cattle.
The relationship between TP and bodyweight in cattle has
been studied extensively, and a number of equations have
been developed to predict bodyweight from TP. These
equations are generally accurate to within 10-15%. The
Thoracic Perimeters obtained were then substituted into
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the barymetric formulae established by Njoya et al. (1997)
for the Bororo breeds and Assana et al. (2018) for the
Goudali breed to determine the bodyweights (in Kg);

Bororo bodyweight (kg) = 124.69 - 3.171TP + 0.0276PT
(r* = 0.96) (Njoya et al., 1997)

Goudali bodyweight (kg) = 0.000201305TP*7"° (¢* =
0.96) (Assana et al., 2018)

Where:

TP is Thoracic Perimeter

BCS and age of cows were determined as described by
Natumanya et al. (2008) and Moussa et al. (2013), respec-
tively.

Sample collection

After slaughter, the uteruses were excised and placed in
labelled Ziplock bags and transported immediately (within
1 h) to the laboratory in a sterile cooler at 34-36T.

In the laboratory, all uteruses were observed to know
if they contained foetuses or not and then dissected free
and weighed using an electronic balance of capacity 30
kg (Mettler PC 2000). In all 50 foetuses were observed
from the 50 pregnant cows. Each of the foetuses were at
different stages of development and were classified ac-
cording to the pregnancy trimester.

For non-pregnant cows, only the weight of the whole
uterus (kg) was measured. On the other hand, the fol-
lowing were measured: Weight of whole uterus with foe-
tus (kg), Weight of whole uterus without foetus (kg) and
Weight of foetus (kg) were recorded for pregnant cows.
Neck-rump length of the foetus (cm) was also obtained
using a measuring tape. The neck-rump length was used
to get the approximate age of the foetus by using the fol-
lowing formula proposed by Santos et al. (2013).

Y=XX+2)

Where: X is the number of months of pregnancy, 2 is a
constant, Y is the neck-rump length in centimetres.

Following this, the ovaries were separated from the
fallopian tubes with the help of a bistoury blade and
weighed using a precision balance as such: weight of left
ovary (g) and weight of right ovary (g).

The cortical follicles in each ovary were measured us-
ing electronic digital callipers, meticulously counted, and
then classified according to their diameters (&) into three
categories: small (@ < 3 mm), medium 3 < @ < 8 mm),
and large (@ > 8 mm) follicles (Satrapa et al., 2011).
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Statistical analysis

The collected data were recorded in Microsoft Excel
2019 and analysed using SPSS version 25.0. Analysis of
variance 2 ways and Duncan test statistics were used to
clarify the differences between means. The level of sig-
nificance was recorded at 5%. The normality of data was
tested using the Shapiro-Wilk Test.

RESULTS
Ovarian weight

1) Effect of breed and foetal age on ovarian weight

The effects of breed and foetal age on ovarian weight
are summarized in Table 1. This shows that when com-
paring breeds independently of foetal age, the right ovary
weight and mean weight of ovaries are significantly (p <
0.05) heavier compared to the other values in the study.
The right ovary weight of the Goudali breed was signifi-
cantly (p < 0.05) higher in the third trimester of gesta-
tion compared to the value obtained in the other breeds.
However, this significant difference (p < 0.05) was only
found on the left ovary in Red Fulani cows at the same
stage of pregnancy.

When considering gestation age groups independently
of breed, mean ovarian weight, left ovarian weight and
right ovarian weight were significantly (p < 0.05) greater
in the first, second and third trimester of gestation re-
spectively. The left ovary weight of the White Fulani breed
was significantly (p < 0.05) higher in the first trimester of
pregnancy. This increase was significant (p < 0.05) in the
red Fulani for mean ovarian weight in the first and third
trimesters of gestation. In general, independent of breed
and ovarian position, ovarian weight generally increased
with increasing age of gestation.

2) Effects of breed and BCS on ovarian weights of cows

Table 2 shows the effects of breed and BCS on ovarian
weight. It follows that when considering breeds inde-
pendently of body condition score, the right ovary of the
cows was significant (p < 0.05). These characteristic val-
ues were significant lower in Red and White Fulani cows
in reference to that noted in Goudali. In cows with a body
condition score [3], the right ovary weight was signifi-
cantly higher (p < 0.05) in Goudali and Red Fulani cows
as compared to the value recorded with the other body
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Table 1. Effect of breed and foetal age on ovarian weight

Position of Age of foetus (months) Mean * standard
Breed . p-value
ovary 1° trimester 2™ trimester 3" trimester deviation
Weight of right ~ Goudalin =17 (8)4.80 + 0.414°* (5) 3.90 + 0.35"* (4) 5.37 + 0.80" 5.73+0.31° 0.02
ovary (g) White Fulanin =15 (7) 4.58 + 0.54* (5)4.60 + 1.40* (3)4.90 +0.29* 458 +0.50 0.17
Red Fulanin =18 (9)4.02 +0.63*" (5) 4.04 +0.16™ (4) 5.42 + 0.59" 440 +0.26" 0.03
Mean £ SD 4.45+12.10% 4.15+13.40" 5.26+12.21° 494 +13.14 /
p-value 0.21 0.21 0.03 _/
Weight of left Goudalin =17 (8)3.72 £ 0.44™% (5)3.77 + 0.30°® (4)3.90 + 0.26* 3.60+0.27* 0.21
ovary (g) White Fulanin =15 (7) 4.04 +0.54° (5)3.90 + 0.98* (3)3.95 + 0.26* 3.55+0.36* 0.85
Red Fulanin =18 (9)3.30+0.15" (5) 3.35 + 0.37*° (4)3.72 + 0.44% 3.57+0.20* 0.39
Mean £ SD 3.60 £ 2.74* 3.35+12.50° 3.51£3.11° 3.58 +3.45* /
p-value 0.02 0.01 0.24 _/ _
Mean weight Goudalin =17 (8) 4.26 + 0.30™® (5) 3.68 + 0.320* (4) 438 +0.42>% 417 £0.20° 0.02
of ovaries ()~ White Fulanin = 15 (7)3.31 +0.55" (5) 3.67 +0.40* (3) 4.40 +0.30* 3.44£0.21° 0.13
Red Fulanin =18 (9) 4.66 +0.28° (5)3.70 + 2.23* (4) 457 +0.36" 3.92+0.18% 0.03
Mean + SD 457+0.11° 3.69 ¢ 0.24° 451+0.11¢ 3.78 £0.21 /
p-value 0.04 0.12 0.17 _/ _

**V/alues with the same letter in a row do not differ significantly (p > 0.05). *®Values with the same letter in a column do not differ significantly (p > 0.05).
“M\/alues with the same letter in a column or a raw do not differ significantly (o > 0.05).

Table 2. Effects of breed and BCS on ovarian weights of cows

Position of Breed BCS Mean * standard p-value
the ovary [1-21 n =23 [381 n=42 [4-5] n = 29 deviation
Mean right Goudalin =28 (4) 4.45 £ 1.06™° (10) 4.47 £ 1.14* (4) 3.66 + 0.89* 423+1.10° 0.05
ovary weight ~ White Fulani n = 29 (11)3.29+1.21" (23) 4.03 + 1.34™* (13) 457 £ 1.39* 3.99+1.35% 0.04
() Red Fulanin = 47 (8)2.94 £0.76™ (9)4.13 +1.36" (12)3.93 £ 1.11%* 3.76£1.27¢ 0.03
Mean + SD 3.45+1.12* 424 +129 3.96+1.11¢ 3.8810.21 /
p-value 0.00 0.42 0.13 A
Mean left Goudalin =28 (4)3.15 £ 0.98" (10)3.34+1.18® (4)3.31£1.70* 3.30+1.10° 0.87
ovary weight ~ White Fulani n = 29 (11)2.82 £ 0.80" (23)3.03+1.11* (13) 4.00 + 1.52%® 3.08+1.12¢ 0.06
() Red Fulanin = 47 (8)2.63 £0.83* (9)3.00 £ 1.08* (12)0.08 £ 0.79 2.92+0.97¢ 0.32
Mean £ SD 2.8+0.87° 3.12+1.12¢ 3.37+1.11¢ 3.10+0.19
p-value 0.25 0.03 0.21 _ o
Mean weight Goudalin =28 (4)3.77 £1.01* (10) 3.86 + 0.95" (4)3.70 £ 0.75* 3.75+0.92¢ 0.44
of ovaries (g) ~ White Fulani n = 29 (11)3.06 £ 0.65™ (23)3.41+0.96" (13)4.29 £ 0.73% 3.41+0.92¢ 0.01
Red Fulanin =47 (8) 2.58 £ 0.60* (9)3.54 £ 1.04* (12)3.50 £ 0.79" 3.26+£0.98* 0.20
Mean + SD 3.06 + 0.85* 3.59 + 1.00* 3.66 + 0.80* 3.47:0.14 /
p-value 0.06 0.14 0.03 /

**V/alues with the same letter in a row do not differ significantly (p > 0.05). *®Values with the same letter in a column do not differ significantly (p > 0.05).
“P\/alues with the same letter in a column or a raw do not differ significantly (o > 0.05). BCS: body condition score.

condition score in the same cows. When comparing body
condition score groups independently of breed, medium
cows (BCS = [3]) had the heaviest right ovaries compared

(BCS = [4-5]). Generally, in all cows, the ovary weight
increased non-significantly (p > 0.05) with an increasing
body condition score.

to the other groups considered. In Goudali cows, right

and left ovary weights were significantly (p < 0.05) higher
in those with a body condition score of [1-2] and [3] com-

pared to the values of this parameter recorded in fat cows

3) Effects of breed and age on ovarian weight
The effects of breed and age on ovarian weight are
listed in Table 3. The results show that when compar-
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Table 3. Effects of breed and age on ovarian weight

Position of Breed Age (years) Mean * standard p-value
the ovary [3-5] n = 31 [6-9] n = 49 [10-15]1 n = 14 deviation
Mean right ovary ~ Goudalin =18 (5)3.73 £1.19%" (7)4.38 £ 1,15 (6) 3.82 £ 0.89* 413+1.10° 0.05
i ed Fulanin = 38+ 1. 09+1. 00+1. .89 £ 1.35" .
weight (g) Red Fulanin = 47 (18)3.38 + 1.36™ (25) 4.09 + 1.30%° (4)4.00 £ 1.41%* 3.89+1.35 0.04
White Fulani n =29 (8)3.25+1.18% (17)3.94 + 1.43* (4)3.44 £0.81™* 3.66+1.27* 0.03
Mean + SD 342 +1.23* 414 +130° 3.74 £1.03 3.78£0.21 /
p-value 0.00 0.42 0.13 /
Mean left ovary Goudalin =18 (5)3.36 + 1.20* (7)3.09 + 1.28% (6)2.86 +1.23*" 3.30£1.10% 0.87
weight (g) Red Fulanin =47 (18) 3.25 £ 0.657°" (25)3.03+1.11* (4) 4.00 £ 1,52 3.08+1.12¢ 0.05
White Fulanin =29 (8) 2.63 + 0.86™ (17)3.14 £ 1.12* (4)2.69 +0.47% 2.92+0.97¢ 0.32
Mean £ SD 3.05+0.95 3.22+1.17* 3.71+0.96¢ 3.10£0.19 /
p-value 0.25 0.36 0.21 /
Mean ovary Goudalin =18 (5)3.64 +1.36™ (7)3.73 £ 0.84" (6) 3.35 £ 0.60™ 3.75+0.92° 0.44
weight (g) Red Fulanin = 47 (18)3.13+0.71* (25) 3.58 + 0.93" (4)3.36 £ 1.08" 3.41+0.92¢ 0.01
White Fulani n = 29 (8) 2.88 + 0.95* (17)3.68 £ 1.07* (4) 2.94 £ 0.44* 3.26£0.98° 0.01
Mean £ SD 3.16 £ 1.02¢ 3.71+0.96 3.21+0.75 347+0.14 /
p-value 0.06 0.14 0.06 /

**Values with the same letter in a row do not differ significantly (p > 0.05). **Values with the same letter in a column do not differ significantly (p > 0.05).

“PValues with the same letter in a column or a raw do not differ significantly (o > 0.05).

ing breeds independently of age, the right ovary weight
was significantly (p < 0.05) heavier in Goudali relative to
the other cows. In cows aged 6 to 9 years, the right ovary
weight of the Goudali and Fulani breeds, and the mean
weight of the Goudali cows were significantly (p < 0.05)
higher. When considering age groups independently of
breeds, cows aged [6-9] years had significantly (p < 0.05)
greater right weights compared to others. The right ovary
weight of the Red and white Fulani breeds was signifi-
cantly (p < 0.05) lower in young ([3-5] years) cows com-
pared to the value obtained in animals ([6-9] years). In
general, independent of breed and ovary position, ovary
weights were generally higher in cows aged 5-9 years
compared to cows of the other age groups considered.

Follicular population

From 288 ovaries collected, 4,709 follicles were counted
on their surface. The average follicular population per
cow was 32.02 + 9.31. The mean number of small (& <
3 mm), medium 3 < @ < 8 mm) and large (& > 8 mm)
follicles were 22.43 + 8.45; 8.42 + 3.87 and 0.76 + 0.34
respectively per cow. Fig. 1 summarizes this.

Effect of breed and foetal age on follicular population

Table 4 shows that when comparing breeds indepen-
dently of foetal age, the number of small follicles was
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Fig. 1. Follicular population with respect to the follicular size.

significantly (p < 0.05) lower in Goudali cows in the refer-
ence to that of White Fulani. In the Goudali breed, the
number of small and medium follicles was significantly
(p < 0.05) higher in the second trimesters of pregnancy
compared to the White Fulani breeds.

When considering foetal age independently of breed, the
average follicle number was significantly (p < 0.05) greater
in the second trimester of gestation. The total number of
follicles, small and large were significantly (p < 0.05) re-
spectively higher in Goudali and Red Fulani cows in the
first trimester of gestation. Red and White Fulani cows had
significantly (p < 0.05) higher numbers of small and large
follicles respectively in the second trimester of pregnancy.
Independent of follicle size, the follicle population de-
creased with increasing length of pregnancy in the cows.
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Table 4. Effect of breed and foetal age on follicular population

Size of o] Age of foetus Mean + standard pvalue
follicles 1* trimester 2™ trimester 3 trimester deviation

Small Goudalin =17 (8) 30.30 + 10.24%® (5) 27.21 + 11.94%4¢ (4) 25.00 + 10.34* 27.24 £7.63¢ 0.02
White Fulanin =15 (7)27.79 + 10.561* (5)26.21 +13.91* (3)27.00 + 13.90" 29.32 +16.84° 0.17
Red Fulanin =18 (9) 28.46 +12.54*® (5)30.16 + 12.54% (4) 29.35 + 13.44%* 28.88+11.15% 0.30
Mean £ SD 28.45£12.10* 27.55 + 13.40° 27.46 +12.21¢ 28.34+£13.14 /
p-value 0.01 0.01 0.03 _/

Medium Goudalin =17 (8) 7.34 £ 3.75%* (5)9.50 £ 1.77"° (4)5.13£0.10* 7.77 £3.99* 0.01
White Fulanin =15 (7)6.36£3.11* (5)8.36 +3.31* (3)8.90 + 2.39" 7.53+2.23* 0.85
Red Fulanin =18 (9)7.21 £ 2.46* (5)8.86 + 2.14*¢ (4)6.12 £ 2.35" 7.57 +£3.26* 0.39
Mean £ SD 6.70 £ 2.74% 8.45 + 12.50° 6.41+3.11¢ 7.87 £3.45 /
p-value 0.20 0.01 0.24 _/

Large Goudalin =17 (8)0.54+0.18* (5)0.48 + 1.00* (4)0.30 £ 0.00" 0.34+0.19* 0.21
White Fulanin =15 (7) 0.65 + 0.28%° (5) 1.00 + 0.38" (3)0.80 + 0.29°* 0.82+0.19 0.03
Red Fulanin =18 (9) 0.74 £ 0.15%° (5) 0.94 £ 0.46™® (4)0.48 £0.15* 0.61£0.11¢ 0.03
Mean £ SD 0.57£0.11¢ 0.77 £ 0.24* 0.59+0.11¢ 0.58 £0.21 /
p-value 0.04 0.02 0.17 /

Total follicles Goudalin =17 (8) 30.85 + 12.08% (5) 30.00 £ 0.00™ (4) 29.87 + 10.09** 30.22 £10.89* 0.21
White Fulanin =15 (7) 29.79 + 9.58* (5)30.55 £ 9.18" (3) 28,51 +25.61* 29.66 £ 18.00* 0.68
Red Fulanin =18 (9)30.28 + 11.06*® (5)31.62+0.13" (4)29.17 +13.02* 30.47 £13.86* 0.30
Mean £ SD 30.65£10.61¢ 30.71 £0.15* 29.25+17.35" 30.42 £12.38 /
p-value 0.04 0.44 0.17 /

**V/alues with the same letter in a row do not differ significantly (p > 0.05). **Values with the same letter in a column do not differ significantly (p > 0.05).
“M\/alues with the same letter in a column or a raw do not differ significantly (o > 0.05).

Table 5. Effects of breed and physiological status on the follicular population

Size of B Physiological status Mean * standard p-value
follicles Non-pregnant Pregnant deviation

Small Goudalin =35 (18) 31.41 + 11.44" (17) 27.96 + 10.34*® 29.33+9.13" 0.02
White Fulani n = 62 (47) 28.44 £ 11 51* (15) 6.50 + 14.22% 2750+ 11.24* 0.17
Red Fulani n = 47 (29) 29.16 + 2.94%® (18) 29.35 + 16.64%® 26.48+13.11* 0.30
Mean £ SD 29.15 + 12.00* 27.56 £ 14.21¢ 27.14 +10.14 /
p-value 0.01 0.17° /

Medium Goudalin =35 (18) 9.71 £ 4.95"# (17)7.563+£3.10* 9.37+4.99* 0.01
White Fulani n = 62 (47)8.34 £ 2.88" (15) 7.27 £ 3.39* 7.87+6.16* 0.85
Red Fulani n = 47 (29) 11.41 £ 3.76" (18) 8.12 £ 2.90* 8.57 +3.26* 0.39
Mean £ SD 9.30 + 4.54° 7.21£3.31¢ 8.60 £4.80 /
p-value 0.02 0.24 /

Large Goudalin =35 (18) 0.84 + 0.28* (17)0.75 £ 0.27% 0.73+0.16° 0.11
White Fulani n = 62 (47)0.65+0.18" (15) 0.59 £ 0.19 0.61+0.18 0.68
Red Fulani n = 47 (29)0.72£0.13" (18) 0.58 £ 0.10 0.61+0.11¢ 0.30
Mean £ SD 0.71£0.15° 0.67 +0.19° 0.65+0.21 /
p-value 0.44 0.17 /

Total follicles Goudalin =35 (18) 38.65 + 14.98" (17) 35.59 + 10.09* 37.18 £13.09* 0.01
White Fulani n = 62 (47) 35.58 + 13.48*® (15) 30.78 + 15.61% 32.53 £12.00* 0.68
Red Fulanin =47 (29) 35.48 + 3.06™ (18) 30.61 + 19.02* 33.27 £13.86° 0.30
Mean £ SD 36.36 £ 13.01° 32.55 + 15.65" 34.47 £11.36 /
p-value 0.04 0.17 /

**Values with the same letter in a row do not differ significantly (p > 0.05). **Values with the same letter in a column do not differ significantly (p > 0.05).
“Malues with the same letter in a column or a raw do not differ significantly (o > 0.05).
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Effects of breed and physiological status on the
follicular population

Table 5 shows the effects of breed and physiological
status on the size and follicular population of cows. It
appears that when comparing breeds independently of
physiological status, the number of small follicles was
significantly (p < 0.05) higher in Goudali compared to the
value obtained with other cows. Total follicles collected
from non-pregnant Goudali cows showed a significant (p
< 0.05) number relative to pregnant. When considering
only the physiological status, follicular population of me-
dium follicles was higher in non-pregnant cows compared
to the value obtained in pregnant cows. For other size,
there was significant effect (p > 0.05).

Effects of breed and BCS on the follicular population
of non—pregnant cows

From Table 6, which shows the effects of breed and
body condition score on cow follicle size and popula-
tion, it appears that the number of small follicles was
significantly (p < 0.05) higher in Red Fulani compared to
the number noted with the others cows. Apart of small

follicles, the number of follicles was not significantly af-
fected by the breed. When comparing body condition
scores independently of breed, cows with BCS = [3] had
significantly (p < 0.05) higher numbers of small follicles
relative to others. In the Red Fulani cow, the number of
small and medium follicles, as well as the number of total
follicles were significantly (p < 0.05) higher in those with
a body condition score of [3] compared to the values of
this parameter recorded in lean [1-2] or fat [4-5] cows.

Effects of breed and age class on follicular population
in non—pregnant cows

Table 7 shows the effects of breed and age on the fol-
licular population in non-pregnant cows. It follows that
When comparing breeds independently of age, the num-
ber of small follicles was significantly affected (p < 0.05).
Independent of breed, the number of small follicles was
significantly (p > 0.05) higher in cows aged [6-9] years.
On the other hand, this significant difference was only
found on the average follicles for the White Fulani breed
aged between [6-9]. When comparing age groups inde-
pendently of breed, animals aged [6-9] years had a sig-

Table 6. Effects of breed and BCS on the follicular population of non-pregnant cows

Size of Breed BCS Mean * standard pvalue
follicles [1-21 n =23 [381n=42 [4-5] n =29 deviation

Small Goudalin = 28 (4) 19.44 + 750" (10) 23.57 £ 12.09" (4) 22.85 + 8.39™ 22.39+9.38" 0.46
White Fulanin =29 (11) 24.23 + 9.90° (23) 26.35 + 15.3% (13) 21.57 + 10.99* 23.92 +10.99" 0.19
Red Fulanin =47 (8) 21.58 + 8.55* (9) 28.00 £ 17.44° (12) 25.46 + 11.72°* 25.49+13.12° 0.04
Mean £ SD 20.60 £ 7.88* 26.06 + 15.31° 24.43 £11.26° 23.71+£11.89 /
p-value 043 0.25 0.36 /

Medium Goudalin = 28 (4)10.54 £ 1.33" (10)9.97 + 0.94*# (4)10.69 £ 0.95" 10.27 £ 3.62¢ 0.78
White Fulanin =29 (11) 7.54 + 4.60* (23)8.94 + 4.90* (13) 9.57 + 3.45% 8.14+511* 0.47
Red Fulanin =47 (8)7.79 + 4.54* (9)10.41 + 6.66"™ (12)9.25 + 6.67 9.47 +6.16* 0.03
Mean + SD 8.91+5.43" 9.26 +5.76" 9.97 +4.83" 9.3210.21 /
p-value 0.98 0.34 0.31 /

Large Goudalin = 28 (4)0.54 £0.10" (10)0.77 £ 0.59" (4)0.69£0.19* 0.63 +0.08" 0.52
White Fulani=29 (11) 0.65 £ 0.20™ (23)0.69 £ 0.12" (13)0.71£0.21* 0.68+0.18" 0.76
Red Fulanin =29 (8)0.41 £0.25" (9)0.74 £ 0.34* (12) 0.50 + 0.38 0.51+0.28° 0.20
Mean £ SD 0.54 +0.28" 0.71+0.23" 0.62+041° 0.61+0.19 /
p-value 0.12 0.36 0.21 /

Total follicles Goudalin = 28 (4)30.81 + 8.58" (10) 34.09 £ 15.20* (4)34.15+11.95" 33.28 £ 13.10* 0.69
White Fulani n = 29 (11) 32.46 £ 10.84™* (23)35.94 + 14.57°® (13)31.86 + 12.26™ 33.33+12.00* 0.58
Red Fulanin = 47 (8)31.33+ 957" (9) 36.27 + 13.60" (12) 35.53 + 16.61® 35.47 +13.87* 0.02
Mean £ SD 31.20 +9.42° 34.24 +13.23" 35.69 + 14.52° 33.97+0.92 /
p-value 0.10 0.01 0.6 /

*%\/alues with the same letter in a row do not differ significantly (p > 0.05). “#“Values with the same letter in a column do not differ significantly (p > 0.05).
“M\/alues with the same letter in a column or a raw do not differ significantly (o > 0.05).
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Table 7. Effects of breed and age class on follicular population in non-pregnant cows

Size of Breed Age (years) Mean * standard p-value
follicles [3-5] n =31 [6-9] n = 49 [10-15] n= 14 deviation

Small Goudalin =18 (5) 18.54 + 7.50* (7) 24.47 £ 12.09" (6) 23.35 + 8.39"® 22.39+9.38" 0.04
Red Fulanin = 47 (18) 24.63 £ 9.92** (25) 25.345 + 15.3%8 (4)22.77 £ 10.99* 24.92 +10.99" 0.03
White Fulanin =29 (8) 21.58 + 8.55* (17) 28.00 + 17.44% (4) 25.46 + 11.72%® 2549 +13.12° 0.02
Mean £ SD 2160 +7.88" 26.46 + 15.31 23.63+11.26" 23.71+11.89 /
p-value 0.43 0.02 0.03 /

Medium Goudalin =18 (5) 9.54 + 1.33%* (7)9.87 + 0.94*8 (4) 7.69 + 0.95" 8.27 £3.62* 0.78
Red Fulanin =47 (18) 7.54 + 4.60* (25) 8.94 + 4.90* (4)9.57 + 3.45 8.14£5.11¢ 0.03
White Fulanin =29 (8)10.79 £ 4.54° (17) 10.31 + 6.66™ (4)9.25+6.67" 9.47 £6.16* 0.02
Mean £ SD 8.91+5.43* 9.26+£5.76* 9.97+4.83* 8.62 +0.21 /
p-value 0.98 0.34 0.31 /

Large Goudalin =18 (5) 0.64 £ 0.10™® (7)0.76 £ 0.59** (6) 0.68 £0.19* 0.65 £ 0.08" 0.52
Red Fulanin =47 (18) 0.65 + 0.20%® (25)0.69+0.12 (4)0.71 +0.21% 0.68 +0.18* 0.76
White Fulani n =29 (8) 0.41 £ 0.25* (17)0.74 £ 0.34* (4) 0.50 £ 0.38™* 0.51+0.28 0.02
Mean + SD 0.54 +0.28* 0.71+0.23" 0.62 +0.41¢ 0.61£0.19 /
p-value 0.02 0.36 0.21 /

Total follicles  Goudali n = 28 (5)30.81 + 8.58" (7) 35.09 + 15.20" (6) 34.15 + 11.95%* 33.28+13.10* 0.03
White Fulanin =29 (18) 32.46 + 10.84°" (25) 35.74 + 14.57%® (4)31.86 + 12.26™ 33.33 £ 12.00¢ 0.58
Red Fulanin = 47 (8)32.33+9.57* (17) 36.27 + 13.60°® (4) 36,53+ 16.61* 35.47 £ 13.87" 0.22
Mean + SD 31.20£9.42¢ 34.24 £13.23* 35.69 £ 14.52* 33.97£0.92 /
p-value 0.10 0.04 0.03 /

**%\/alues with the same letter in a row do not differ significantly (p > 0.05). “#“Values with the same letter in a column do not differ significantly (p > 0.05).
“PValues with the same letter in a column or a raw do not differ significantly (o > 0.05).

nificantly (p < 0.05) higher number of small follicles. In
young cows [3-5] years, the Red Fulani breed recorded the
significantly (p < 0.05) higher number of large and total
follicles respectively in young [3-5] and medium-aged [6-
9] animals while in the White Fulani breed, the number of
small and large follicles was significantly (p < 0.05) higher
in the [6-9] years and [10-15] years age groups compared
to the value obtained in younger cows ([3-5] years).

DISCUSSION

In this study, the average Body Condition Score was 2.87
+ 0.56. This value is similar to those obtained by Fassi et
al. (2005) and by Kouamo et al. (2017) for works carried
out in Morocco and Cameroon respectively 2.94 + 0.89
and 2.80 + 0.04. This low BCS can be explained on one
hand by insufficient food resources due to the breeding
system applied to these cows and the effects of the dry
season and on the other hand, the reproductive patholo-
gies recorded on the farms, which have repercussions on
the performance (Vall and Bayala, 2004).

The average age (min-max) was 6.19 + 0.42 years (3-

12 years) and the majority were between 6 and 9 years
which was similar to those reported by Kouamo et al.
(2014), (2016) and (2017) (6.80 £ 0.15 years; 6.62 + 0.11
years and 6.56 + 2.34 years respectively) in Cameroon
on Bororo and Bokolo Zebu cows. The slaughter of older
cows can be explained by the fact that in breeding, it is
advisable to slaughter more animals at the end of their
reproductive career, and the younger ones being devoted
to reproduction.

The average weight of the cows was 327.28 + 9.35 kg
with a minimum of 135.09 kg and a maximum of 578.86
kg. This result is close to that reported by Kouamo et al.,
2014 (382.08 + 4.99 kg). However, it is higher than that
obtained by Moussa et al. (2013) in Niger (Goudali: 116.31
+ 24.10 kg; Bororo: 117.34 + 19.80 kg). These differences
would be due to the environment, the breeding system
and the different breeds exploited.

Independent of breed, the follicular population was
significantly (p > 0.05) higher in cows aged [6-9] years.
This corroborates with the results proposed by Fassi et al.
(2005) and Dorice et al. (2019). This can be explained by
the fact that the reproductive system is not yet fully ac-
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tive in young cows; and also, the deficiency of ovarian
hormones. In aged cows, the apoptosis of follicles and
oocytes are the main causes of the depletion of ovarian
reserves. In principle, fertility and reproductive perfor-
mance decreases with age in all species. Likewise, the
work of Natumanya et al. (2008) and Kouamo et al. (2014)
have shown that oocyte yield and quality for in vitro mat-
uration decreases in cows aged 10 years and above.

This study found a weight inequality between the right
ovary (3.88 + 0.21 g) and the left ovary (3.10 + 0.19 g).
This result is similar to that obtained by Jaji et al. (2012)
in Nigeria (4.89 + 0.18 g vs 3.03 + 0.11 g), Moussa et al.
(2013) in Niger (2.9 + 1.8 g vs 2.5 + 1.6 g) and Kouamo
et al. (2014) in Cameroon (4.99 + 2.48 g vs 4.22 + 2.15 g).
Indeed, studies realised by Jaji et al. (2012), Ginther et al.
(2013), have all shown that ovulations are more frequent
on the right ovary. These results are consistent with the
higher percentage of pregnancy in the right horn than in
the left horn. In addition, the density of blood vessels that
promote a high blood supply to the right ovary and/or the
presence of more primordial follicles on the right ovary
compared to that of the left ovary. Consequently, this
greater physiological activity on the right ovary would be
responsible for its higher weight (Ginther et al., 2013).

The mean ovarian weight was 3.47 + 0.14 g. This re-
sult is similar to that reported by Cuq and Agba (1975)
(2.8-3.7 g) in Senegal but lower than that proposed by
Natumanya et al. (2008) on Ankole zebu cows (4.6 + 2.3
g) in Uganda. This difference seems to be related to the
breed, the physiological, nutritional status and the size of
the animals. Indeed, the presence of corpora lutea and
the state of gestation increase the size of the ovary and
therefore its weight (Pierson and Ginther, 1987). Thus,
lean cows (BCS 1-2) have lighter ovary compared to cows
with BCS [3] and [4-5]. This would be justified by the fact
that underfeeding impacts negatively both on the general
condition of the animals and the quality of their ovaries.
Moreover, during energy deficiency in cows, there is a
slowing down of follicular growth due to a drop in Insulin
Growth Factor 1 levels, which are mainly responsible for
the stimulation of follicular growth, steroidogenesis and
oocyte maturation (Monniaux et al., 2009). In addition, in
older cows, the ovary becomes small, sclerotic and takes
on a greyish colour (Cuq and Agba, 1975). The positive
correlation observed between BCS and ovarian weight
can be explained by malnutrition, which negatively influ-
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ences the general condition of the animals (Kouamo et
al., 2014).

Most of the ovaries in the present study were character-
ized by the presence of corpus luteum (CL) of pregnancy.
This pregnancy Corpus Luteum became larger and firmer
with advancing pregnancies along the trimesters of gesta-
tion. The development and further increases in size of the
CL across the three stages of gestation were associated
with level of significant increase in the overall size and
weight of the ovaries throughout the period of gestation.
This is in agreement with the observations of Hachim et
al. (2023).

The high number of large follicles in oestrus (0.93 +
0.35) during the follicular phase is consistent with the
results of Kouamo et al. (2014). This is because at the be-
ginning of each sexual cycle in the cow, many reserve fol-
licles are continuously recruited to evolve and at oestrus,
only one follicle reaches the maximum size (De Graff fol-
licle at 8-12 mm) and ready to ovulate and the rest have
to undergo atresia (Fieni et al., 1998). Furthermore, there
is a close growth relationship between ovarian follicle di-
ameter and oocyte quality (Yadav et al., 2007). Therefore,
oocyte competence is altered during changes in follicular
dynamics, as the follicle would transmit information to
the oocyte to acquire competence (Hanzen et al., 2000).
Thus, the follicular phase marks the period of the sexual
cycle favourable to the emergence of good quality oo-
cytes.

In the present study, gestation did not significantly in-
fluence the follicular population during the first trimester
although Ginther et al. (1989) identified waves of follicu-
lar growth every 8-10 days without leading to selection
and dominance between the 4th and 9th month of gesta-
tion. On the other hand, a reduction in the number of
large follicles with foetal age was reported by Dominguez
(1995). Similarly, the presence of the gestational corpus
luteum has a negative effect on the growth of follicles
larger than 7 mm in diameter after day 22 of gestation
(Pierson and Ginther, 1987). The difference in the number
of large follicles is explained by the fact that progesterone
secretion during gestation inhibits the secretion of pitu-
itary gonadotropins (FSH and LH). Furthermore, the poor
oocyte quality observed in pregnant cows in this study
is in agreement with the research work of Natumanya et
al. (2008). Indeed, terminal folliculogenesis is dependent
on a high level of gonadotropins. In the absence of these
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hormones, the growing follicles only reach the pre-antral
follicle stages.

During the period of this study, the majority of cows
slaughtered were less than 9 years old and the proportion
of pregnant cows was 34.01%, with the majority of the
cows (24) being in the first trimester of pregnancy. Simi-
larly high values as regards the slaughter of cows were
reported by Alaku and Orjiude (1991) in Nigeria (21.34%
and 23.3%), and by Uduak and Samuel (2014) in Nigeria
(22.4%). As regards the number of cows in the first trimes-
ter, our results corroborate with those found by Meaza et
al. (2017) in Ethiopia. The high rate of slaughter of young
and pregnant cows noted in this work would increase the
potential for industrial-scale decline in bovine develop-
ment and consequently the shortage of animal protein.
Combined with the frequency of genital pathologies,
reproductive capacity will be compromised with a de-
crease in the number of calvings, leading to a drop in the
economy of the cattle sector. This would be attributed to
the increased demand for beef, resulting from the high
population growth associated with urbanisation; socio-
economic problems that sometimes push some farmers
to sell their animals independent of their physiological
status; and on the inefficiency and poor ante-mortem in-
spection in slaughterhouses.

CONCLUSION

This study demonstrates the potential of zebu follicles
as a viable resource for the implementation of innova-
tive reproductive biotechnologies. It is evident that cows
with good and excellent body reserves (BCS = 3-5) exhibit
a higher follicular population compared to their leaner
counterparts, emphasizing the significance of proper nu-
trition. Moreover, the age range of 6-9 years proved to be
optimal for achieving successful outcomes in these pro-
cedures. Therefore, when conducting similar research, at-
tention should be given to selecting cows within this age
group to maximize performance.

Additionally, the findings of this study highlight the
suitability of ovaries from local zebu cows in Cameroon
as a cost-effective source of oocytes for in vitro embryo
production (IVEP). Notably, oocyte donors with a BCS
of 3 demonstrated the best potential for enhancing IVEP
outcomes. It is crucial to prioritize adequate feeding and
nutrition for selected cows to ensure the preservation of

oocyte yield and quality. By focusing on these factors, re-
searchers and practitioners can optimize the utilization of
local zebu cows’ ovaries for reproductive biotechnologies.
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