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INTRODUCTION 
The variability of the qualitative and quantitative response to multiple ovulation treatment 
remains very large (Hahn, 1992). The costs and work required by the superovulation technique 
are very high and the prediction of the genetic responsiveness of donor cows to actual 
treatments would be a valuable tool for breeders. 
Embryos collection is now routinely applied in Belgian Blue breed for breeding and 
commercial purposes. Therefore, the aim of this study is to evaluate the effects of some 
environmental factors and to estimate repeatability and genetic parameters for number of 
oocytes and embryos and for number of transferable embryos in responder cows of the Belgian 
Blue breed with the intent to proceed with genetic evaluation of breeding animals. 
 
MATERIAL AND METHODS 
Data were provided by LINALUX, one of the AI breeders organizations from walloon region 
of Belgium, dealing in on farms eggs transfer. Data were collected from 3 746 flushings 
performed between 1995 and 1998 on 1 508 donors of the Belgian Blue breed. Age of donor 
cows ranged from 2 to 12 years. The number of flushings per cows ranged from 1 to 16. 
Nine different treatments were used to induce multiple ovulation and donor cows were 
inseminated twice. Rectal palpation of ovaries was systematically practised and flushing was 
only carried out if the examination of ovaries indicated that cow had responded to the 
superovulation treatment. Non responding cows were not recorded in the data. The total 
number (NTOT) included the number of ova and embryos. The morphological quality of the 
embryos was assessed and the number of transferable embryos counted (NTRA). Veterinarians 
performed the whole collecting procedure. The percentage of transferable embryos was also 
calculated (PTRA). Among the 3 746 flushings, 4.7% (177) were blank flushings. The latter 
were discarded from the analyses, because the response of cows was as a preliminary 
ascertained by ovary palpation, and so were probably due to technical collecting problems. 
Effect of environmental factors on the traits were analyzed by fixed linear model using the 
GLM procedure (SAS, 1989). Fixed effects included herd (407), year (4) and season (indoor 
season, from November to April and pasture season, from May to October) of flushing, 
superovulation treatment (9), veterinarian (4), age of donor (2 to 8 years and more), rank of 
flushing (1 to 6 and more) and the relevant two factors interactions. 
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Variance components for NTOT and NTRA were estimated using a repeatability multiple trait 
animal model by REML procedure using VCE4 version 2.5 program (Neumaier and 
Groeneveld, 1998). The mixed model included the fixed effects which significance was 
established by the fixed model analysis, the random permanent environmental effect of the 
donor cow (n=1497) and the uncorrelated random effects of herd (n=414) and of the bull used 
for insemination (n=301). When the fixed model analysis indicated a significant two factors 
interaction, it was only considered to the exclusion of the two main effects. The numerator 
relationship matrix was constructed from pedigrees of donors traced back at least two 
generations and included a total of 4 709 animals. The number of sires of cow was 334. 
 
RESULTS 
The descriptive statistics for NTOT, NTRA and PTRA are given in Table 1. 
 
Table 1. Descriptive statistics for total number of embryos/oocytes counted (NTOT), 
number of transferable embryos (NTRA) and percent of transferable embryos (PTRA) 
 

Trait N Mean SD Min Max CV 
NTOT 3569 6.68 4.21 1 32 63.3 
NTRA 3569 4.80 3.78 0 28 79.0 
PTRA 3569 76.6 35.23 0 100 46.0 

 
Preliminary analyses showed that NTOT and PTRA were significantly influenced by the 
effects of year, season, superovulatory treatment, veterinarian, age of the cow, and by the year 
x season and year x veterinarian interactions. Veterinarian, and age of cow effects significantly 
influenced NTRA. The rank of flushing had no significant effect on any of the two variables. 
There is tendency for NTOT to decrease over the period considered. The differences among 
veterinarians were important. NTOT varied from 7.4 to 5.9, according to the oocytes were 
systematically counted or not NTRA varied from 4.3 to 5.8, depending on the appraisal of 
embryos quality. The variation between veterinarians of PTRA, from 57.2%, which is a normal 
figure, to 96.7%, resulted mainly from the way of counting NTOT. 
Looking at the year x veterinarian interaction that is significant for NTOT and PTRA, one 
observed that NTOT decreased for three veterinarians and remained constant for one. This 
could be explained by the fact that over time three veterinarians counted less and less oocytes 
and the other counted systematically all the oocytes. In other words, over time for all the 
veterinarians but one, NTOT represented more and more the number of transferable embryos. 
The indoor season, from November to April, was more favourable to NTOT but as no seasonal 
effect was seen for NTRA, PTRA was lower. The superovulatory treatment had a significant 
effect on NTOT which varied from 5 to 7,6, but not on NTRA. With age of donor cows, NTOT 
and NTRA tended to increase up to 7 years and to decrease afterwards. 
The effect of the herd was small for the two traits and the effect of the service bull was small 
for NTRA and negligible for NTOT (Table 2). The permanent environment effect due to the 
donor cow explained about 5% to 10% of the variation of the two traits. The repeatability 
estimates were about 0.23 for NTOT and 0.20 for NTRA (Table 2). 
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Table 2. Variance components and repeatability (r) estimates for NTOT and NTRA 
 

Variance components NTOT NTRA 
Herd, σ2

h 0.331 0.393 
Service sire, σ2

s 0.017 0.218 
Direct genetic, σ2

a 2.933 1.466 
Permanent environment, σ2

pe 0.949 1.401 
Residual, σ2

e 12.782 10.686 
Phenotypic, σ2

p 17.012 14.164 
c2 ± se (σ2

pe / σ2
p) 0.056 ± 0.023 0.099 ± 0.023 

Repeatability, r 0.228 0.203 
 
Heritability estimates were 0.17 ± 0.03 and 0.11 ± 0.03 for NTOT and NTRA respectively. The 
estimates of genetic and environmental correlations between NTOT and NTRA were 0.89 ± 
0.05 and 0.69 ± 0.01 respectively (Table 3). 
 
Table 3. Estimates of heritability, genetic (above diagonal) and environmental (below 
diagonal) correlations for NTOT and NTRA 
 

 NTOT NTRA 
NTOT 0.17 ± 0.029 0.89 ± 0.045 
NTRA 0.69 ± 0.007 0.11 ± 0.026 

 
DISCUSSION 
Numerous factors influence the response to superovulation in dairy cattle (Hahn, 1992 ; Lohuis 
et al., 1990 ; Liboriussen et al., 1995 ; Callesen et al., 1997) and in beef cattle (Harvengt et al., 
1998). The response to superovulation increased with the cow age both for NTOT and NTRA, 
Liboriussen et al. (1995) and Callesen et al. (1997) found a difference of 1.9 transferable 
embryos between heifers and cows. NTOT was significantly higher during indoor season, 
which correspond roughly to the winter, than during pasture period, however season did not 
influence significantly NTRA. This was not in concordance with the observations of 
Liboriussen et al. (1995) who observed that the frequency of non-responder cows was lower 
and the number of ova and transferable embryos tended to be higher in summer. 
The estimated repeatability for NTOT and NTRA (0.23 and 0.20) are consistent with estimates 
reported previously for number of ova and embryos ranging from 0.15 to 0.31 (Preisinger and 
Kalm, 1992 ; Liboriussen et al., 1995) and for number of transferable embryos ranging from 
0.13 to .022 (Preisinger and Kalm, 1992 ; Liboriussen et al., 1995 ; Tonhati et al., 1999). A 
lower value (0.06) was observed by Lohuis et al. (1990) for the number of viable embryos. The 
proportion of the total variance due to permanent environmental variance component (c2) was 
in accordance with values ranging from 6% to 10% for number of transferable embryos 
reported by Lohuis et al. (1990) and Tonhati et al. (1999), although the values for both number 
of ova and viable embryos observed by Liboriussen et al. (1995) were 0. 
Heritability estimates close to zero were reported for number of ova by Preisinger and Kalm 
(1992), likewise for transferable embryos by Lohuis et al. (1990), Preisinger and Kalm (1992) 
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and Tonhati et al. (1998). The moderate estimates of heritability for total number of ova and 
embryos (h2=0.17) and for number of transferable embryos (h2=0.11) were obtained. Our 
results compare to those of Preisinger et al. (1990) who found values of 0.32 and 0.10 and to 
those of Liboriussen et al. (1995) who found values of 0.31 and 0.22 for number of ova and 
number of viable embryos respectively. 
The high genetic and phenotypic correlations between NTOT and NTRA confirmed the values 
obtained by Liboriussen et al. (1995). 
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