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Abstract: Despite being subject to prior assortment, frozen bull sperms commercialized for artificial insemination may present
certain morphological defects. The present study aims (i) to assess the artificial insemination success of the most common
cattle breeds in Algeria and (i) to evaluate the possible effects of commercialized bull's semen quality on this operation. Artificial
insemination was assessed through four years of field monitoring by inseminating different cattle breeds of normal fertility.
However, semen quality was evaluated using light microscopy by measuring viability, motility, and morphological abnormalities
of spermatozoa. Field study revealed a high percentage of normal calving in red and white Holstein breed (44.83 %) against the
high percentage of embryonic mortality (46.43 %) and calving with a malformation (10.71 %) in Montbéliarde breed. Semen
quality assessment revealed that sperm viability and motility were higher in Holstein breeds than in Montbéliarde. Furthermore,
significant differences between semen bulls were found in the proportion of abnormal spermatozoa; a higher rate of sperms with
the abnormal head was observed in the black and white Holstein breed (69.3+10.98 %). However, the percentage of abnormal
sperms with tail defects was higher in the Monthéliarde breed (67.5£10.74 %). The lousy quality of the selected semen and/or
the poor handling and storage of frozen semen constitute a determinant factor that hinders the success of artificial insemination
in the arid region of Tiaret (Algeria).
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|
Introduction

Livestock production significantly reinforces the so-
cio-economic lives of people throughout the creation of em-
ployment opportunities and deliverance of household incomes,
mainly in undeveloped countries. Furthermore, several pro-
ducts and by-products derived from livestock have a significant
nutritional and economic value, such as meat and milk, which
constitute veritable protein sources for consumers!. However,
the development of livestock productivity is faced with several
constraints, especially in arid and semiarid regions, limiting se-
verely sustainable livestock production.

Indeed, the livestock farming sector has experienced seve-
ral biotechnological progressions during the last decades with
the primary goal of enhancing productivity and improving ge-
netic gain In this sense, artificial insemination was the most
common biotechnology practiced in farm animals, particularly
dairy cattle, to improve breeding and obtain genetic advances®.
The wide use of bovine artificial insemination as efficient re-
productive biotechnology is due mainly to the development
of cryopreservation methods ensuring spermatozoa viability,
from the best breeding bulls, after long periods of storage that
can be used to inseminate thousands of cows worldwide*. The
latest available statistics of the National Center for Artificial
Insemination and Genetic Improvement (2017) have reported a
success rate of the whole national insemination program ran-
ging from 45% to 48% in Algeria.

Several factors are responsible for the success of artifi-
cial insemination outcomes and require appropriate attention,
such as female physiology, farm management and quality of
semen used in the programs®. Though selected beforehand,
frozen bull spermatozoa commercialized for artificial inse-
mination may present specific morphological abnormalities®.
Abnormal spermatozoa might reflect troubles in the sper-
matogenesis process that affect normal spermatozoa of the
same ejaculate®’. In general, poor spermatozoa morphology
constitutes a good indicator of low fertility rate® this is why
it is essential to analyze spermatozoa morphology to predict
fertilizing capacity®.

Therefore, the aim of this study is (i) to evaluate the suc-
cess of artificial insemination program in the arid regions of
Tiaret (Algeria), throughout field monitoring carried out in
fifteen pilot farms during the period 2016-2019, then (i) to
assess the quality of commercialized bull semen used in re-
productive programs in Algeria throughout the estimation of
morphological abnormalities of the most common dairy and
beef breeds bulls to determine the possible presence of va-
riations between them, regarding the proportion of abnormal
spermatozoa.
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Materials and methods

The scientific committee approved the study for ethical cri-
terion in the department of Natural and Life Sciences, Ibn Khal-
doun University of Tiaret (Algeria) (Ref. 05/SCDNLS/2018).

Bull semen samples

The present study was performed on certified frozen se-
men straws belonging to selected dairy and beef breeds ob-
tained from the National Center for Artificial Insemination and
Genetic Improvement (Algiers, Algeria). Frozen semen sam-
ples of breeding bulls were produced in 0.25 pl straws where
each straw contained approximately 25 million spermatozoa.
The semen samples were frozen with the same routine cr-
yopreservation technology using the same extender.

Our study involved three bulls selected by the National
Center for Artificial Insemination and Genetic Improvement
according to their performance representing the three most
common breeds in Algeria, namely the bull Jetstream for
Montbéliarde breed, Jopic for Red and white Holstein breed
and Jukebox for Black and white Holstein breed.

Field monitoring of artificial insemination

The field monitoring of the artificial insemination success
using the selected semen was conducted from 2016-2019 in
fifteen dairy farms located in the region of Tiaret. A total of
86 cows known to be of normal fertility were selected for the
study encompassing the main frequent dairy breeds in the re-
gion, i.e., 29 black and white Holstein, 29 red and white Hols-
tein and 28 Montbéliarde cows.

All the farms subject to this study have the same mana-
gement model; livestock buildings are similar in design, hy-
gienic conditions and alimentation. Besides, health care was
supervised by veterinarians. It should also be noted that cows
were inseminated with semen originating from the same batch
of tested samples.

Semen quality analysis

For semen analysis, straws were thawed at 37 °C for 30
seconds, then they were maintained at the same temperature
during the processing. The percentage of spermatozoa motili-
ty in each semen sample (around 10 pL) was determined using
a phase-contrast microscope supplied with a warm stage ad-
justed to 37 °C.

After that, bull semen samples were diluted and fixed in
pre-warmed (37 °C) formaldehyde-PBS. At that point, a smear
from diluted semen was made on a glass slide then was stai-
ned by eosin (1.67%) and nigrosin (10%) stain according to the
protocol established by Moskovtsev and Librach (10). In this
sense, at least 200 spermatozoa cells were examined per sli-
de from each bull sample at 400x and 1000x magnification
using a phase-contrast microscope (Leica DM2500; Wetzlar,
Germany) to assess their viability and morphological abnor-
malities. The number of spermatozoa cells bearing head, mi-
dpiece and tail morphological abnormalities were recorded as
previously described by Menon, Barkema'.

Data analysis

Data were subjected to a one-way analysis of variance to
determine the effect of breed type on the measured parame-
ters. Comparison between breeds was carried out using the
test of Duncan. The significant differences between means
and percentages were determined at the P < 0.05 level. In all
cases, data were examined for normality and homogeneity of
variances and identified for any violations of assumptions. The
statistical analyses were performed using the computing envi-
ronment R (R Development Core Team, 2013).

|
Results

Field monitoring

Field monitoring of the artificial insemination operation
carried out during 2016-2019 has raised several concerns
(Table 1). The percentage of normal calving was comprised
between the high value of 44.83% noticeable for the red and
white Holstein breed and low values of 25% and 27.59% dis-
tinguished respectively in Montbéliarde and black and white
Holstein breeds. Furthermore, a higher proportion of embryo-
nic mortality was recorded in the Montbéliarde breed (46.43%)
in comparison to red and white (20.69%) and black and white
Holstein breeds (17.24%). Besides, it should be noted that a
significant proportion of 10.71% of calving with malformation
has been registered in the Montbéliarde breed.

Semen analysis

Semen analysis has revealed that individual sperma-
tozoa motility was significantly higher in Holstein breeds
(46.37+£11.22% in red and white and 46.28+12.94% in black
and white Holstein respectively) in comparison to Montbéliar-
de (34.74+8.46%). By the same, red and white (41.48+5.3%)
and black and white Holstein breeds (41.33+17.2%) have de-
monstrated high spermatozoa viability when compared with
the Montbéliarde breed (29.31+6.54%).

The most frequent spermatozoa morphological abnorma-
lities found in the head, midpiece and tail are shown in Tables
2, Figure 1. The black and white Holstein breed was characte-
rized mainly by spermatozoa head defects, while red and white
Holstein and Montbéliarde breeds were characterized mainly
by spermatozoa tail defects.Significant differences between
breeds were found in the proportion of spermatozoa with ab-
normal head (p-value<0.001***); a higher rate was observed
in black and white Holstein breed (69.3+10.98%) while it was
around 34.54+18.01% and 25.28+8.95% respectively in red and
white Holstein and Montbéliarde breeds. Remarkably, the per-
centage of spermatozoa with abnormal midpieces was com-
parable among the examined breeds (p-value>0.05 non-sig-
nificant). However, the percentage of abnormal spermatozoa
with tail defects was significantly higher in the Montbéliarde
breed (67.5£10.74%) followed by the red and white Holstein
breed (46.15+17.68%) while the lowest percentage was recor-
ded in black and white Holstein breed (24.47+9.95%). Taking

Breed Normal Embryonic Gravid Calving with
calving mortality malformation

Black and white Holstein 8(27.6%) * 5(17.2%)* 12 (41.4%)°¢ /

Red and white Holstein 13 (44.8%) ® 6 (20.7%) * 10 (34.5%)" /

Montbéliarde 7 (25%) 2 13 (46.4%)° | 5(17.9%)° 3 (10.7%)

Table 1. Field monitoring of the cows inseminated artificially by the selected bull semen breeds in the region of Tiaret, Algeria.
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Individual Spermatozo | Head defects | Midpiece Tail defects

spermatozoa defects (%) | (%)
motili

ity (% %
white Holstein
Holstein

Montbéliarde 34.74+8.46% 203146547 | 2528+8957 | 36.95+12.76°  67.5£10.74°¢

Table 2. Individual spermatozoa motility, spermatozoa viability and morphological abnormalities of the selected bull semen
used for artificial insemination programmes in Algeria.

Figure 1. Semen morphology in frozen/thawed bull doses for artificial insemination. A: normal spermatozoa; B: Head defect;
C: Tail defect; D: midpiece defect.
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all together, the statistical correlation based on the coefficient
of Pearson has demonstrated a significant positive correlation
between individual spermatozoa motility and spermatozoa
viability (r-value=0.61"*) alongside a significant negative co-
rrelation among spermatozoa head defects and spermatozoa
tail defects (r-value=0.84**).

|
Discussion

Artificial insemination is widely practiced as reproductive
biotechnology to manage a large number of cows reducing ani-
mal handling and labor®?, The present study aims to assess the
rate of success of the artificial insemination program on the
most common cattle breeds raised in the arid region of Tiaret
(Algeria) throughout field monitoring carried out for almost
five consecutive years. In addition, the quality of the commer-
cialized bull semen was also evaluated to examine its effects
on this operation.

Several factors might determine the success rate of bovi-
ne artificial insemination programs, such as female physiology,
cattle breed, suckling, size of ovulatory follicle and timing of
insemination'®, The obtained results revealed a high percenta-
ge of normal calving in red and white Holstein breeds. Howe-
ver, the percentage of embryonic mortality and/or calving with
malformation was higher in the Montbéliarde breed.

It should be noted that embryonic mortality is very diffi-
cult to diagnose since it can generally be infectious (less than
30%) and non-infectious (more than 70%) causes'*. Uterine
contamination by pathogens leads to endometritis and might
also induce a direct cytolytic effect on the embryo, systemic
effects via septicemias, viremias or toxemias on the dam?.
Viruses, bacteria, protozoa, and probably mycoplasma pass
in the uterus through the hematogenous way or the vagina.
However, non-specific pathogens, primarily bacteria, enter the
uterus by ascending infection. Furthermore, non-infectious
causes of early embryonic death are chromosomal aberrations
or external factors, e.g., high ambient temperature, nutritional
factors and maternal factors'e.

The Montbéliarde breed belongs to the group of Pie Rou-
ge breeds (Simmental and Fleckvieh families). In addition to
its milk and meat being highly appreciated by consumers, Al-
gerian farmers prefer to raise Montbéliarde cows because of
their excellent hardiness and adaptability to local environmen-
tal conditions compared to the Holstein breeds'.

Semen quality assessment revealed that spermatozoa
viability and motility were higher in Holstein breeds than in
Montbéliarde. Rodriguez-Martinez'® has reported that measu-
red spermatozoa motility in bulls is significantly correlated to
fertility even for post-thawed semen.

A higher proportion of spermatozoa with the abnormal
head was observed in the black and white Holstein breed, whi-
le the percentage of abnormal spermatozoa with tail defects
was higher in the Montbéliarde breed. These results clearly
illustrate the terrible quality of the selected semen and/or
the poor handling and storage of commercial frozen semen,
which dramatically reduced the chance of success of artificial
insemination programs in Algeria. Hallap, Jaakma'® reported
a high percentage of spermatozoa with standard head and tail
morphology in Estonian Holstein bulls. In general, scrotal cir-
cumference, as the most accessible measure of a bull's ability
to produce adequate spermatozoa, correlates positively with
testicular volume and semen quality?® and negatively with the
occurrence of spermatozoa defects?.

It is known that morphologically abnormal spermatozoa

can diminish fertilization rates and embryonic development??.
The maximum acceptable value for spermatozoa abnormali-
ties percentage ranges between 25% and 30%?2. In general, bull
semen is classified as satisfactory if it contains at least 70%
morphologically normal spermatozoa, with less than 20% of
spermatozoa with an abnormal head". Unfortunately, the re-
sults indicated that more than two folds significantly exceed
these levels for the three tested breeds.

Morphologically abnormal spermatozoa resulting from
an abortive apoptotic mechanism or genetic origin are usually
characterized by highly damaged DNA?, Most abnormalities of
the spermatozoa head are closely associated with reduced fer-
tility since the spermatozoa head comprises the genetic ma-
terial and key effectors of fertilization''. Similar observations
have been made by Johnson?* and Ostermeier, Sargeant®
regarding abnormal condensation of chromatin and abnormal
nuclear shape from a part and bulls' fertility from another
part. Thundathil, Palasz?® have demonstrated that spermato-
zoa with abnormal heads reduce fertilization and embryonic
development, consequently leading to cleavage failure. Sper-
matozoa with abnormal midpiece or tail are either non-motile
or have abnormal motility; usually, aberrations of these parts
occur as spermatogenesis defects and affect spermatozoa
motility*.

Besides, the process of freezing and thawing might induce
irreversible damages to spermatozoa membranes, resulting
in either the occurrence of spermatozoa abnormalities or cell
death'®. John Morris, Acton?” has reported that at rapid cooling
rates, the cell damage to spermatozoa is a result of an osmo-
tic imbalance encountered during thawing, rather than intra-
cellular ice formation. In addition, Ghirardosi, Fischman?® have
attributed the high occurrence of abnormal head spermatozoa
to the adverse effects of cryopreservation. Furthermore, Baci-
noglu, Tas?® demonstrated that morphological abnormalities
present in frozen and thawed semen were significantly lower
in high-fertile bulls.

According to our records, this study represents the first
analysis of morphological spermatozoa abnormalities in doses
of bovine semen promoted for artificial insemination currently
marketed in Algeria.

|
Conclusions

The present study evaluated the artificial insemination
success of the most common cattle breeds raised in Algeria
through four years of field monitoring and assessed the quality
of commercialized bull's semen used in this operation.

Overall, the present study results have demonstrated a
high percentage of normal calving in red and white Holstein
breeds. However, embryonic mortality and calving with mal-
formation were higher in the Montbéliarde breed. Besides, as-
sessment of semen quality revealed high spermatozoa viabili-
ty and motility in Holstein breeds compared to Montbéliarde.
In addition, the rate of spermatozoa with the abnormal head
was higher in the black and white Holstein breed, while the
percentage of abnormal spermatozoa with tail defects was hi-
gher in the Montbéliarde breed.

In general, it appears that the bad quality of the selec-
ted semen and/or the poor handling and storage of frozen se-
men constitute a determinant factor that hinders the success
of artificial insemination in Algeria. Therefore, spermatozoa
morphology assessments are highly recommended before
processing and freezing and even in post-thawed commercial
doses. Further studies regarding the modalities of distribution
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and processing are also recommended, so that in the future,
the use of bull semen with high percentages of spermatozoa
abnormalities might be avoided.
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