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ABSTRACT

The objective of the current study was to analyze the reproduction parameters of 48 dairy cows (29 Montbeliardes
and 19 Normandes) and their relationship to coat color. Cows were imported from European countries and raised in
the semi-arid region of Sétif in Algeria. The findings showed that the cows of the Montbéliarde breed were more
fertile and of greater reproduction efficiency, compared to Normandes. Regarding the Montbéliarde breed, the
intervals between calving and calving to conception were respectively 378.34 and 98.65 days, which were shorter
than those of the Normandes breed (67 and 22 days, respectively). Normandes cows registered a higher number of
services per conception (1.54 + 0.9), compared to Montbeliarde cows (1.34 + 0.55). Calving to the first service
interval of the Normandes (76 days) was longer by 5 days than that of the Montbéliarde breed. The coats of
Montbéliarde cows (51%) were whiter than those of Normandes (48%). A darker hair coat probably assured
protectivity against thermal stress and greater efficiency of reproduction. The interval between calving in
Montbéliarde cows was significantly affected by coat color; the interval between calving of cows with a colored coat
was shorter (358 days) than whiter cows (400 days). For Normandes, cows with a colorful coat required fewer
services per conception number (1.44). Hair works as a temperature regulator and may affect reproduction
performances. The results of the current study suggest the possibility of integrating coat color into animal selection.
It can be assumed that colored coats for Montbéliarde and Normande breeds appear to be related to their
reproductive efficiency (interval between calving and number of services per conception, respectively).
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INTRODUCTION

In Algeria, dairy cattle breeding has been selected as a major axis for the supply of dairy products. Milk consumption has
been increasing with population growth (Makhlouf and Montaigne, 2016). To meet the growing demand for dairy
products, Algeria has opted for the development of a cattle breeding policy based on the import of heifers with a high
genetic potential of dairy products from Europe (Mefti Korteby et al., 2016). Among the pure breeds imported, there are
the Montbéliarde and Normande.

In European developed countries, all dairy cows (Fleckvieh, Montbéliarde, Holstein), produce on average 60
liters/day of milk, however, it is five times less with only an average of 12 liters per day in Algeria (Mefti Korteby et al.,
2016). The potential of milk production of cows differs among the breeds and even among individual cows within the
same breed raised under various environmental conditions (Aggarwal and Upadhyay, 2012).

The hair is an aspect of environmental adaptation, which reflects the response of the animals to their environments.
So, coats of cattle are adapted to withstand the harsh hot climate weather. In addition, animal coat changes in response to
seasonal environmental changes (Brinkmann et al., 2012). Coat color is a trait that is often hypothesized to contribute to
heat tolerance in animals (Leite et al., 2018).

On top of that, the genotype-environment interactions lead to differences in the expression of reproduction
performance. There is a relationship between coat color and reproductive performance in dairy cattle, particularly when
animals are reared under conditions of high temperatures and intense solar radiation (Becerril et al., 1994). The 305-d
milk yield of cows with black hair coats is moderately reduced without affecting milk composition (Anzures-Olvera et
al., 2019).

The light coming from the invisible part of solar radiation (infrared spectrum) is completely absorbed regardless of
the coat color, while the visible part of the radiation is absorbed according to the coat color of animals. Heat stress can
reduce the fertility of dairy cows (Ryan et al., 1992; Ealy et al., 1993). In order to minimize the effects of thermal stress
on reproduction performance, animals with a coat more suited to the conditions present in North Africa can be selected
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(Lamari et al., 2013). Therefore, the present study investigated the relationship between the coat color and the
reproduction performance of Montbéliarde and Normande cows.

MATERIALS AND METHODS

Ethical approval
The study was carried out with existing reproduction information files of dairy cows and by taking pictures of each
animal. The experiment did not involve animal handling.

Animals

Information on this study was obtained in collaboration with the executives of the school farm in the semi-arid area
of Sétif, Algeria from February to May 2018. The study included a total of 48 imported dairy cows of two different
breeds (29 Montbéliarde and 19 Normande cows), subjected to the same breeding system and the same environmental
conditions. To be included in the current study, cows had to be free from any presented with reproductive diseases or
abortions. Any cows not meeting these inclusion criteria were excluded (10 Normande and 1 Montbeliarde) from
enrollment in this study. Sample size determination was based upon our primary outcome of interest, reproductive
performance.

All the cows selected were either gestating or drying up. Animals were fed twice a day a ration based on forages
mostly collected from the home pasture land and purchased concentrate. Detection of estrus was made by visual
observation 4 times a day for 20 minutes. The PRID protocol was preferred by the veterinarian to synchronize the estrus
and artificial insemination was adopted by the manager.

All this information was collected in individual files, including data relating to the cow (identification number,
breed, date of birth, etc.) and events relating to reproduction (dates of calving, dates of inseminations, number of services
by conception, etc.). Four fertility parameters were estimated; the number of services per conception (SPC), calving to
first service interval (FSI), calving to conception interval (Cl), the interval between calving (ICC).

Determination of the percentage of the coat color

The percentage of the white color related to the entire body surface area was measured visually (Becerril and
Wilcox, 1992). It was estimated by taking pictures of both sides of each animal. However, the tail, head, legs, and belly
regions were not included in the measurement.

Statistical analysis

The mean and standard deviation are calculated and tests of normality (Kolmogorov-Smirnov) and homogeneity of
variances (Levene's test) were performed for all parameters. Normalizing logarithmic transformations are used when the
distribution of the variables studied is abnormal. A non-hierarchical classification (VL) method that uses the distribution
of central trend statistics is performed to identify the different classes of hair coat traits. Subjects were divided into two
classes of Coat dark (class 1) and Coat White (class 2) with 1< 42 % and 2 > 42 % of white color, respectively. To
determine the percentage effect of coat white color on reproductive parameters, one-way ANOVA was used for each
breed separately because the breed effect was observed on reproduction. The type of analysis of variance was chosen
based on the nature of the variables. The Kruskal-Wallis test was used in cases where the normality of the data was not
assured. The significance level was set at p < 0.05 when conducting Levene's test. All the analyses were carried out by
the SPSS package program, version 21 software.

RESULTS

Average reproduction performance and white coat color

Generally, the coat color varies from total white to colored with a total average of 49.79 + 27.56% of white color but
the white color was more dominant in Montbéliarde cows (51+ 28%) than in Normande cows (47.89 + 27.55 %). In fact,
school farm cows were inseminated 72.62 + 28.25 days after calving and conception was produced after 1.44 + 0.74
attempts with high SPC (1.54 £ 0.90) in Normande cows, when compared to the SPC of Montbéliarde cows (1.34 +
0.55). The cows of both breeds carried out the first service almost at the same time, calving to first service interval for
the Normande cows was longer than the Montbéliarde cows’ interval by 5 days.

Total School farm cows (Montbeliarde and Normande) required 107.25 + 53.18 days to achieve conception after
calving. The interval between successive calving was 404.93 + 129.55 days in the school farm, but Monthéliarde cows
were characterized by a shorter Cl and ICC, compared to those of Normande cows (Table 1).
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Table 1. Mean and standard deviation values of percentage of white coat color and reproductive performances of
Montbeliarde and Normande cows involved in the semi-arid area of Algeria

Montbeliarde (29) Normande (19) Total (48)
Traits M = SD M = SD M = SD
C (%) 51+28 47.89 + 27.55 49.79 + 27.56
SPC 1.34 +0.55 1.54 £0.90 1.44 £0.74
FSI (days) 70.55 + 28.26 75.78 £ 28.71 72.62 +28.25
ClI (days) 98.65 + 53.43 120.36 + 51.42 107.25 +53.18
ICC (days) 378.34+ 49 445,52 +192.87 404.93 + 129.55

C%: Percentage of white coat color, SPC: Number of services (inseminations) per conception, FSI: Calving to first service interval, Cl: Calving to
conception interval, ICC: Interval between calving, M: Mean, SD: Standard deviation

Relationship between the proportion of white coat color and reproduction parameters

The results in Table 2 indicated the significant effect (p < 0.05) of coat color on reproductive parameters for the two
breeds. Indeed, the fertility of cows of two breeds was influenced by the proportion of the white of the coat, the ICC and
the SPC for the Montbéliarde and Normande cows respectively were linked to the white color of the coat (p < 0.05)

The Montbéliarde breed

The results of the analysis of variance indicated that the ICC of the Montbéliarde cows was significantly affected by
the coat color (p < 0.05, Table 2). Cows with colored coats (< 42%) achieved shorter successive calving intervals,
compared to Montbéliade cows with white coat color (> 42%). It is also noted that colored cows are characterized by
better reproductive performance (SPC, FSI, and CI).

The Normande breed

According to the results of Table 2, the SPC in the Normande breed is dependent on the color of the coat. The more
colorful the cows (< 42%), the lower the number of SPC and consequently, the lower the Cl, compared to other cows. In
contrast, FSI and ICC are relatively long; ICC is longer in cows with a high percentage of white color (over 42 %).

Table 2. Effect of coat color on reproduction parameters of Montbéliarde and Normande cows in the semi-arid area of
Algeria

SPC FSI Cl ICC

C%
M + SD M + SD M + SD M + SD

Montbeliarde (29)
Class 1 (15) 1.20 £ 0.56 67.40 £26.79 80.66 + 39.82 358.20 + 44.66°
Class 2 (14) 1.50 +0.51 73.92 +30.39 117.92 + 60.56 399.92 + 45.43°
p 0.09™ 0.53™ 0.06™ 0.02*
Normande (19)
Class 1 (9) 1.44 +0.52 85.88 + 30.36 114.,00 £ 44.84 493.55 + 260.56
Class 2 (10) 2.30 £0.94° 66.70 £ 25.20 126.10 £ 58.51 402.30 +£98.32
p 0.04* 0.14™ 0.70™ 0.30™

3P Different letters in the same column express significantly different values, ™: non-significant difference; " significant difference at
p < 0.05. C%: Percentage of white coat color, SPC: Number of services (inseminations) per conception, FSI: Calving to first service
interval, Cl: Calving to conception interval, ICC: Interval between calving, classl: < 42 % of white color, class 2: > 42 % of white
color, M: Mean, SD: Standard deviation.

DISCUSSIONS

The results of the current study showed that there was a relationship between coat color and reproductive parameters.
These results were similar to those obtained by Lamari et al. (2015) where they reported that Montbéliarde cows with a
high percentage of white color of the coat achieved a shorter FSI.

The results of the current study showed that coat color had a significant effect on the ICC of the Montbéliarde breed.
The colored Montbéliarde cows were characterized by better reproductive performance (more fertile), compared to white
cows (with the percentage of white coat color > 42 %) and they performed shorter successive calving intervals (358.20
days). The number of services per conception, FSI, and CI were not influenced by the percentage of white coat color but
these intervals were relatively reduced in colored cows. The results of the present study disagree with the results
obtained by Lamari et al. (2015), who reported that cows with a high percentage of white-colored coats had a shorter
interval between calving and first insemination. Moreover, the coat color had an effect on the SPC for the Normandes
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breed, cows with a better SPC (1.44) were characterized by a reduced percentage of white coat color. These results were
in agreement with those obtained by Maia et al. (2003), who reported that colored cows gained shorter SPC.

Furthermore, Lamari et al. (2013) found that the white color had no effect on the SPC. The FSI reflects both the
resumption of cyclicity and the quality of the detection of heat. The results showed that the white Normande cows
resumed their cyclicity at 66.70 + 25.20 days after calving, while FSI of colored cows takes place at 85.88 + 30.36 days
after calving. Similarly, Lamari et al. (2015) observed that the white cows resumed their cyclicity sooner than the
colored cows but in Montbeliarde cows, there was a negative correlation coefficient (r = -0.359) between calving to first
service interval (FSI) and percentage of white coat color (C %). Cows with whiter coats showed less change in
reproductive performance.

The CI was relatively short in colored cows, compared to white cows, confirming the observations for Lamari et al.
(2018). However, the ICC of white cows was shorter than that of colored cows. Nejad et al. (2016) reported that under
heat stress conditions, coat color may play a role in stress severity by absorbing heat and solar radiation based on white
and black colors. According to Magona et al. (2009) and Riley et al. (2012), animals with a dark coat color absorbed
more heat compared to animals with light coat color. Lamari et al. (2015) indicated that cows with white coats were
characterized by low absorption of thermal radiation which increased their capacity to dissipate heat. However,
Bertipaglia et al. (2005) found that the white coat presents an effective barrier against thermal stress. And according to
(Maia et al., 2003), the white coat offered better protection against direct solar radiation.

CONCLUSION

The study investigated the relationship between hair coat color and reproduction performances of Montbéliarde and
Normande breeds in the semi-arid area of Algeria. Results showed that coat color affected reproduction parameters,
including ICC for Montbeliarde breed and SPC for Normande breed. Colored hair coat cows had more efficient
reproduction with relatively reduced ICC for Montbeliarde cows and a reduced SPC of Normand cows. The results
suggested that hair coat color can be used as a factor to select resilient and more adaptable animals to hot climates, and it
can also improve the knowledge of farmers to have the best reproductive performance under heat stress conditions.
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