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Abstract

FACTORS THAT AFFECT THE QUALITY AND EFFICIENCY OF ARTIFICIAL INSEMINATION IN
OESTRUS SYNCHRONIZATION PROGRAMMES IN DAIRY CATTLE.

Experiments were performed during a three-year period in order to identify the factors affecting quality
and efficiency of artificial insemination (AI) when it is used in cattle subjected to oestrus induction and
synchronization (OIS) programmes. The study took place in the Western part of the country and 3 herds with a
total of 6357 animals were used. The first study was a survey to evaluate the factors affecting the efficiency of AI
in OIS. The second study examined the effects of body condition score (BCS) and three different regimes of OIS
on the results of AI. Progesterone levels were measured in blood and milk using radioimmunoassay to determine
the incidence of acyclic animals in the herds. Data were recorded and analysed using the artificial insemination
database application (AIDA) and further statistical analyses were done using Systat. The results found in the
survey showed a low conception rate (18%) and a great variability in the period from calving to conception (154
± 98.11 days). The latter parameter was significantly different between herds (P <0.001). A high percentage of
animals selected for OIS programmes (37%) showed a poor BCS (<2.5 on a scale of 1-5). Motility of semen
used for AI was low (<30%) in 47% of the samples evaluated. The results from progesterone measurements
demonstrated that the reasons for poor fertility were low accuracy in oestrus detection, poor response to treatment
for OIS, non-fertilization, embryo mortality and functional disturbances present after treatment. Under our field
conditions during the dry season, acyclicity (anoestrus) is a frequent problem in primiparous cows and in those
with poor BCS. The BCS in heifers and the quality of different treatments had a significant effect on the
conception rate. These results confirm that the use of progesterone measurement together with data management
using AIDA is a very appropriate way to evaluate and improve the quality and efficiency of AI in OIS
programmes.

1. INTRODUCTION

Artificial insemination (AI) technology is important for achieving genetic progress in cattle. In
1959 a national programme was initiated to increase milk and beef production through genetic
improvement. By using this breeding method the aim was to improve the conception rate (CR) at first
service to between 40 to 60% [1]. However, during the past two decades, the CR in AI programmes
has been below 45%. Recently, some reports have suggested that the main cause of low CR is the lack
of accuracy in oestrus detection [2, 3, 4, 5]. In our country, 30% of cattle bred by AI are subject to
oestrus induction and synchronization (OIS) programmes. However, the CR is below 50% [6]. The
aims of this project were to identify the causes affecting the efficiency of AI in controlled breeding
programmes using progesterone measurement in blood or milk in order to determine the proportion of
acyclic females. In addition, some strategies for improving the CR were evaluated.

2. MATERIALS AND METHODS

2.1. Survey

2.1.1. Animals and location
An experiment was performed during a three-year period in 3 dairy herds of crossbred Holstein

x Zebu (HxZ) cows and heifers, comprising 6357 animals located in the Western regions of Cuba, in
two trials. Selection was done according to the different types of reproductive management used in
our country (Table I).
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TABLE I. CHARACTERISTICS OF CATTLE HERDS USED IN THE STUDY

Characteristic Herd I Herd II Herd III
Type of farm Commercial Commercial Genetic improvement
Feeding system Grass, sugar cane, Grass, sugar cane, Grass, forage,

molasses, urea molasses, urea concentrate
Milking system Hand Machine Machine
N°-of AI technicians 3 3 2
N0 'of Bulls 5 10 7

The animals were grazed on improved pasture. Herd I was hand milked and the calves were
allowed suckling for milk let down. Farms II and III used machine milking and calves were weaned
soon after birth. Mineral mixture and water were available ad libitum in all farms. This trial was
designed to identify the causes that affect the CR when AI is used in OIS programmes, using
progesterone measurement and data management with the artificial insemination database application
(AIDA) [7].

2.1.2. Oestrus induction and synchronization (OIS)
This was done using three intramuscular (IM) injections of progesterone (60, 90 and 90 mg)

with an interval of 48 hours between each one, followed by an injection of Pregnant Mare Serum
Gonadotrophin (PMSG) at a dose of 500 international units (IU) in heifers or 1000 IU in cows.

Oestrus detection was carried out from 06:00 to 10:00 hrs and from 15:00 to 18.00 hrs daily for
seven days after the end of treatment. AI was done 8 hours after oestrus was detected, by eight
experienced technicians using frozen semen in pellets from 22 bulls from a local AI center. Pregnancy
diagnosis was done by rectal palpation 60 to 70 days after AI.

2.1.3. Blood and milk samples
Blood was collected by jugular puncture in heifers and milk was collected from cows at oestrus

(day 0) and at 10-12 and 21-22 days after AI. All samples were centrifuged at 2000x g for 15 minutes
within 3 hours after collection and plasma or milk whey was stored at -20°C until they were assayed
for progesterone using RIA kits supplied by the Joint FAO/IAEA Programme, Vienna.

2.1.4 Statistical Analysis
Data regarding the management and feeding system of the farms, each cow inseminated, the

quality of semen used, AI technicians, progesterone results, pregnancy diagnosis and other related
factors were entered into the AIDA database and summarized. Further analysis was done using the
statistical program SYSTAT for Windows [8] for analysis of variance and the Chi square test.

2.1.5. Further study in one herd with problem ofanoestrus
A study was carried out in Herd I in order to know the proportion of cows and heifers which

were anoestrous. A total of 389 crossbred (HxZ) females, comprising 127 sucklmg cows which were
more than 60 days after calving and 267 heifers of 24-30 months age and 270-450 kg body weight,
which were managed on grass during the dry season were included. In all females two samples of
blood (heifers) or milk (cows) were collected at an interval of 9 ± 1 days for analyzing progesterone.
Females were considered cyclic when at least one of the samples showed progesterone values greater
than 3.18 nmol/L. All lower levels were considered as indicating anoestrus.

Data were subjected to multiple analysis of variance and the proportional test through the
SYSTAT program.
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2.2. Interventions

2.2.1. Effect of body condition on response to OIS
The aim of this experiment was to evaluate the effect of the BCS on the response to OIS using a

different treatment to that adopted in the survey. A group of 594 crossbred heifers (HxZ) subject to AI
was used in Herd I under grazing conditions during the dry season.

The treatment for OIS consisted of three injections (IM) of progesterone (60, 90 and 90 mg)
with intervals of 48 hours between each treatment, followed by 700 IU of PMSG and 500 ug of an
analogue of prostaglandin F2a (Oestrophan, Bioveta, Czech Republic) at the end of the treatment.

Before treatment two blood samples were collected at an interval of 9 ± 1 days in all animals in
order to determine cyclic status. After treatment blood samples were collected at the time of AI and at
10-12 days after service. Females with progesterone concentrations >3.18 nmol/L in one of the two
samples before treatment were considered cyclic. Females that had a progesterone level <1.59 nmol/L
at AI and >3.18 nmol/L 10-12 days after service were also considered cyclic.

Oestrus detection was performed by professional staff and was based on the observation of any
sign of homosexual behavior. Observations were carried out every two hours during the day and the
first occurrence of cows allowing others to ride them was considered as the onset of oestrus.
Insemination was done at fixed times of 48 and 72 hrs after the end of treatment using semen from
one fertile bull with the aim of reducing variability due to this factor. The quality of semen was
evaluated before its use and certified as being of optimal quality. Pregnancy diagnosis was performed
by rectal palpation 60 to 70 days after AI.

2.2.2. Comparison of three methods for OIS
This study was done to determine the effects of three different OIS treatments on the CR of

cattle under grazing conditions during the dry season in Herd I. A total of 192 animals were used
comprising 85 heifers (24 to 30 months old) and 107 primiparous cows (suckling calves, 80 to 120
days postpartum). All females had a BCS between 2.5-3.5 and an average body weight of 300-450
kg. In order to apply the treatments, females were divided into three groups and treated according to
the following main procedure used for OIS in our country.

• Treatment A — Three injections of progesterone (50 mg each, IM) with intervals of 48 hours
between them, followed by 500 IU PMSG IM 48 hours after the last injection;

• Treatment B — Three injections of progesterone (60, 90 and, 90 mg, EVI) with intervals of 48
hours between them, followed by 500 IU PMSG IM 48 hours after the last injection;

• Treatment C — Three injections of progesterone (60, 90 and 90 mg, IM) with intervals of 48
hours between them, followed by 1 mg of oestradiol benzoate IM 48 hours later.

Detection of oestrus was done twice a day for 7 days after the end of treatment. AI was done
according to the AM-PM rule. Pregnancy diagnosis was done 60 to 70 days after AI by rectal
palpation.

2.2.3. Statistical Analysis
The effect of treatment on CR was analyzed by Chi square test. Further analysis was done using

analysis of variance (GLM by means of SYSTAT for Windows.

3. RESULTS

3.1. Survey

3.1.1. Reproductive performance
The interval from calving to first insemination (CFI) and CR in the three herds are shown in

Table II. The mean CFI was 154.3 ± 98.1 days and there was a significant difference between herds (P
<0.001).
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TABLE II. REPRODUCTIVE PERFORMANCE IN CROSSBRED HOLSTEIN X ZEBU COWS IN
THREE HERDS SUBJECTED TO OESTRUS SYNCHRONIZATION AND ARTIFICIAL
INSEMINATION

Herds

I
II
III

n

111
64
85

Calving to first
insemination (days)

240.01 ±82.00c

143.48 ± 101.84a

101.69 ±58.39b

Distribution of intervals

40-120 days
3.5
56.0
81.9

121-200 days
29.5
17.0
13.5

(%)

>200 days
67
27
5.8

Conception rate
(%)

17.6
26.6
12.7

Different superscripts within a column indicate significant differences (P < 0.001).

The overall CR was 18%. Thirty seven percent of the treated females in these herds had a BCS
below 2.5 points (scale of 1 to 5). These animals represented 48.9% in Herd I, 19.7% in Herd II and
31.4% in Herd III.

Of the batches of semen used, 27% had motility below 30%. Furthermore, 83% of these semen
samples were found in herd III. The highest CR was obtained when motility of semen was >30% (P <
0.05).

3.1.2. Interpretation of progesterone data
Results of progesterone measurement and their interpretation are shown in Tables III, IV and V.

Unfortunately, only 38.6% of the cows were sampled three times according to the AIDA protocol and
3.6% to 23.1% of them had intermediate values. According to our reference data on oestrus
determination, we found that 4% of the inseminations were carried out in the luteal phase. When two
samples were considered (days 0 and 10-12), the results showed that 33% (213/630) of females were
having anovulatory cycles, anoestrus or a short luteal phase, while 11.7% (73/630) were showing
intermediate values (<l-3 nmol/L).

TABLE III. INTERPRETATION OF PROGESTERONE DATA BASED ON ONE SAMPLE
TAKEN ON DAY OF OESTRUS

Herds
I
II
III
Total

Total
n

581
106
174
861

Low
n

550
80
165
795

values
%

94.6'
75.4"
94.8'
92.3

High
n
14
18
4
36

values
%

2.4'
7.5'
2.8"
4.1

Intermediate
n
17
8
5
30

values
%

3.0'
7.5"
2.8"
3.6

Different superscripts within a column indicate significant differences (P <0.05).
Low = <1 nmol/L (AI probably during oestrus); High = >3 nmol/L (AI during luteal phase or pregnancy);
Intermediate = 1—3 nmol/L (AI done too late or too early, or assay errors).

TABLE IV. INTERPRETATION OF PROGESTERONE DATA BASED ON TWO SAMPLES
TAKEN ON DAY OF OESTRUS AND 10-12 DAYS AFTER AI

Herds
I
II
III
Total

Total
n

366
72
192
630

Low/High
n

164
37
110
311

%
44.9"
51.3a

57.3a

49.4

Low/Low
n

147
12
54

213

%
40.2a

16.6"
28.1"
33.8

High/High
n
6
8
2
16

%
1.6'

11.l"
1.0c

2.5

High/Low
n
3

5
8

%
0.8

2.6
1.3

Intermediate
n

46
15
21
82

%
12.5'
21.0"
11.0'
13.0

Different superscripts within a column indicate significant differences P <0.001.
Low/High: ovulatory cycle; Low/Low: anoestrus, anovulatory cycle or short luteal phase; High/High: AI
done in pregnant animal or luteal cyst; High/Low: AI done in luteal phase; Intermediate = 1-3 nmol/L.
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TABLE V. INTERPRETATION OF PROGESTERONE DATA BASED ON THREE SAMPLES
COLLECTED ON DAY OF OESTRUS, 10-12, AND 21-22 DAYS AFTER AI

Herds
I
II
III
Total

Total
n

168
45
120
333

L/H/H, P1

n
38
17
27
92

%
22.6a

37.8b

22.5a

24.6

L/H/L,
n
78
8

72
158

NP2

%
46.4a

17.8b

60.0c

47.4

L/H/H,
n
10
3
1

14

NP3

%
5.1b

6.7b

0.8c

4.2

H/L/H,
n

2

2

NP4

%

4.4

0.7

Intermediate5

n
42
15
20
77

%
25.0a

33.3C

17.0b

23.1
Different superscript within a column indicate significant differences P >0.001
1 Low/High/High and Pregnant - AI at correct time and successful;2 Low/High/Low and non pregnant -
AI at correct time but unsuccessful (non-fertilization or early embryonic mortality);3 Low/High/High and
non-pregnant — late embryonic mortality or persistent CL; 4 High/Low/High and non-pregnant — AI
during luteal phase;5 1—3 nmol/L.

3.1.6. Studies on ovarian activity in a herd with anoestrus problems
As seen in Table VI and VII the ratio of acyclic females is significantly (P O.001) higher in

primiparous cows and in all of the females with poor BCS (<2.5 points).

TABLE VI. PROPORTIONS OF CROSSBRED COWS AND HEIFERS WHICH WERE CYCLIC
OR ACYCLIC (ANOESTROUS)

Ovarian activity
Category N Cyclic Acyclic

n % n %

Heifers
Primiparous cows
Multiparous cows
Total

267
41
76
384

147
7

30
184

55.0ad
19.5bf
35.5ch
47.9

120
34
46
200

45ae
80.5bg
64bi
51.1

Values within the same columm (abc) or row (defghi) indicate significant differences P <0.001.

TABLE VII. EFFECT OF BODY CONDITION SCORE (BCS) ON THE PROPORTION OF
CROSSBRED COWS AND HEIFERS WHICH WERE CYCLIC OR ACYCLIC (ANOESTROUS).

BCS

1-2.4
2.5-3.5
Total

n

158
226
384

n
50
90
140

Cyclic
Ovarian

%
27.2a

39.8b

36.4

activity

n
108
136
244

Acyclic
%

72.8C

60.2d

63.6
Values within the same column with different superscript indicate significant differences P <0.001

3.2. Interventions

3.2.1. Effect of BCS on the response to OIS treatment in crossbred heifers under grazing conditions
Poor BCS had a negative and significant effect on the CR (P <0.05, Table VIII). Heifers with a

BCS <2.5 showed a higher number of anovulatory cycles and lower CR.
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TABLE VIII. EFFECT OF BODY CONDITION SCORE (BCS) ON RESPONSE TO OESTRUS
SYNCHRONIZATION TREATMENT AND CONCEPTION RATES IN CROSSBRED HEIFERS
UNDER GRAZING CONDITIONS DURING THE DRY SEASON

BCS
Characteristics 1^2 2.5-3
Number of heifers 191 403
Heifers cycling before treatment (%) 42.8a 60.2b

Heifers in oestrus after treatment (%) 87.0a 79.0b

Heifers with ovulatory cycle (%) 26.9a 72.4b

Conception rate (%) 813^ 41.3b

Values within a row with different superscripts indicate significant differences P <0.05.

3.2.2. Conception rates after three methods of OIS applied to crossbred cattle under grazing
conditions
The results are given in in table DC. Analysis of variance showed a significant effect of both

treatment and category (heifers or cows) on the CR (P <0.001) and the interaction (Treatment x
Category) was also significant (P < 0.001).

TABLE IX. EFFECT OF THE TYPE OF TREATMENT FOR OESTRUS SYNCHRONIZATION
ON CONCEPTION RATES IN CROSSBRED CATTLE UNDER GRAZING CONDITIONS

Treatments
A1

B2

C3

Total

Total
n
76
65
51
192

Heifers
n
30
30
25
85

Cows
n

46
35
26
107

Heifers
21.7a

90.0b

0.0
34.5

Conception rate (%)
Cows
56.6a

8.5b

92.3C

48.2

Overall
39.4
46.1
47.0
43.7

Values within the same column with different superscripts indicate significant differences P < 0.001.
Three injections of progesterone (50 mg each, IM) with intervals of 48 hours between them, followed by

500 IU PMSG IM 48 hours after the last injection; 2Three injections of progesterone (60, 90 and, 90 mg,
IM) with intervals of 48 hours between them, followed by 500 IU PMSG IM 48 hours after the last
injection; 3Three injections of progesterone (60, 90 and 90 mg, IM) with intervals of 48 hours between
them, followed by 1 mg of oestradiol benzoate IM 48 hours later.

4. DISCUSSION

4.1. Survey

Results obtained in these herds regarding their reproductive performance demonstrate that the
long period from calving to first service is related to reproductive management. In the particular case
of herd II, it was related to the practice of suckling that takes place in this farm and that causes a
lengthening of the anovulatory postpartum period. These findings confirm the results derived from
other studies performed under identical management systems [8, 9, 10]. However, the low CR might
be associated also with poor semen quality, inappropriate selection of females and the methods of
oestrus synchronization.

Previous studies by the authors [11, 12, 13] have shown that poor BCS is related to nutritional
anoestrus and due to this physiological condition there is an inappropriate response to controlled
breeding programmes [14]. Besides, the finding that some of the doses of semen used were of poor
quality suggests that inappropriate handling of semen is an important cause of the low CR in these
programmes. The interpretation of the results of progesterone measurement show that a high number
of females did not respond to the oestrus synchronization treatment, while others appeared to have
been inseminated too late or too early with respect to oestrus. The main reason for not responding to
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the synchronization treatment is probably due to these animals being acyclic at the beginning of the
experiment. This condition was more frequently found in herds I and III.

The study of ovarian activity in a group of females with problems of anoestrus showed that a
high number of these were acyclic. Some researchers [15, 16] demonstrated that females under similar
physiological conditions with low BCS often show problems of anoestrus. Our results strongly
corroborate this fact and highlight the importance of applying appropriate strategies of nutritional
supplementation and improved methods of oestrus synchronization in order to increase the CR.

4.2. Interventions

As we already know, the BCS is an expression of the ability to store and use energy in cattle.
Previous studies have demonstrated that BCS is closely related to the ability to respond to oestrus
synchronization treatments. Our results shown in Table VIII indicate that animals with poor BCS
decrease the efficiency of the controlled breeding methods. One of the most important findings was
that the mean CR obtained in the group with a BCS of 2.5 to 3.0 (30%) is higher than that previously
reported in the survey carried out at the beginning of the experiment. This suggests that with the
appropriate selection of females, semen evaluation before inseminations, and with the introduction of
some changes in the treatment scheme, the efficiency of AI might be improved under these study
conditions. Therefore it is suggested that the nutritional status of females prior to treatment is an
important cause of low CR in these controlled breeding programmes. Recent studies have suggested
that the above factor is associated with endocrinological changes, with disturbances in growth and
development of the ovarian follicle, the corpus luteum, and with some disturbances in embryonic
growth and development [16, 17, 18, 19]. The comparative study of different oestrus synchronization
methods that have been used showed that treatment B is most efficient in heifers, whereas treatment C
is appropriate for cows (P <0.001). The overall means show that the CR was 43.7%, which is higher
than those reported by other researchers [20, 21, 22]. It is evident that the CR in these herds can be
increased through oestrus synchronization programmes provided that adequate selection of females
and careful control of semen quality are performed.

5. GENERAL CONCLUSIONS AND RECOMMENDATIONS

Regarding our findings in the baseline survey, it appears that the poor BCS of selected females
as well as the unfavorable quality of semen used in this experiment are the main problems that affect
the CR when AI is performed in programmes of controlled breeding. Low BCS associated with
anoestrus was found in a high proportion of animals in these herds. The appropriate selection of
females and the use of semen of high quality should therefore contribute to overcoming these
problems. It is important to improve the nutritional level under these management conditions. It might
not be recommended to apply oestrus synchronization treatments to cows or heifers with a BCS below
2.5 points (on a 1-5 scale). The use of the AIDA database to analyze data obtained from progesterone
measurements through RIA is a very useful procedure to control and evaluate the quality and
efficiency of AI when it is used in controlled breeding programmes in which hormonal treatment is
used.
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