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Summary

The objective of the study was to compare the body weights and growth from birth to 18
months of age of various groups of crossbred cattle born from 1999 to 2007, being crossbreds
of Ankole (A) with Brown Swiss (B), Holstein Friesian (F), Jersey (J) and Sahiwal (S).
Weaning of calves was based on subjective judgment of the calf’s ability to survive without
milk. Factors considered in the statistical model were breed group (cross), sex, season and
year of birth. Breed group and year of birth were significant (p<0.05) for all traits. Both
season and sex were significant for birth weight (BW), weight at 8 and 18 months (W8,
W18), and for average daily gain from weaning to 18 months (ADG18) and unlike season,
sex was also significant for average daily gain to 8 months and weaning age. The general
trend was that average daily gain attained maximum before weaning and thereafter decreased
up to 18 months. Least square means for AB and AF calves were comparable and only
significantly differed for W18 and ADG18. AJ had the lowest BW, but was comparable with
AS, AJxS, and ASxJ for W8, age-adjusted weaning weight, and W18. Generally, AF was
heavier than other breed groups, however, the difference was smaller than expected, probably
due to environmental conditions that did not allow full expression of genetic potential for
growth.

Keywords: breeds, live weight, growth traits, crossbreeding

Introduction

The Ankole cattle are highly adapted to adverse environmental conditions, including
tolerance to heat stress and resistance to endemic diseases (Wurzinger et al., 2006). The breed is
a medium-sized with males maturing at a live weight of 350 to 400 kg and females at 200 to
350 kg. Milk production per animal per day ranges between 1 to 6 kg (Petersen et al. 2003;
Kugonza et al. 2011). New born calves weigh about 14–23 kg and remain small for several
months. Ankole cattle are characterized by low productivity and low growth rates (Trail et al.
1971). Reasons suggested for the low productivity include low genetic potential and low
standards of husbandry, including breeding, feeding and housing. On the other hand, Bos
taurus breeds that are predominantly found in temperate countries have a high production
potential, but they are not well adapted to tropical conditions because of their low heat and
disease tolerance (Tadesse and Dessie 2003). Therefore, crossbreeding of B. indicus with B.
taurus breeds has been widely used in most African countries, including Rwanda, to combine
the high production potential of exotic breeds with the adaptability of the indigenous breeds.
Pre-weaning and post-weaning growth are important traits to select for in cattle (Magana and
Segura 2006) but in Rwanda, there is a paucity of information on body weights and gains of
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Ankole cattle crossbreds. Therefore, pre-weaning and post-weaning data were generated and
analysed to shed some light on comparative growth potential of different crossbred groups at
a research station. The objective of this study was to identify suitable crosses by comparing
body weights and weight gains of crossbreds of Ankole with Brown Swiss, Holstein Friesian,
Jersey, and Sahiwal.

Material and methods

Animal and herd management

The animals used in the study included 811 calves at birth, 781 calves at 8 month, 493 calves
weaned and 457 animals at 18 month of age. Heifers were served by artificial insemination
(AI) at between 18–24 months depending on incidence of first estrus. Heat detection was
based on observations and reports from trained herdsmen and technicians.

Data and statistical analysis.

Data used in this study were obtained from crossbred calves born from 1999 to 2007 of
Ankole (A) or crossbred dams (AJ and AS) with Brown Swiss (B), Friesian (F), Jersey (J)
and Sahiwal (S) sires (semen). Breed groups (crosses) are designated by the combination of
breed acronyms, for instance AS for Ankole x Sahiwal cross or AJxS for an Ankole x Jersey
crossbred mother with a Sahiwal father. For each calf, records included breed group, sex,
dates and weights from birth to 18 month of age. The weight records were taken monthly
using weight balance, but for this study the following weight traits were analyzed: a) calf
birth weight (BW) recorded within 24 hours of birth, b) weight at approximately 8 months
(W8), c) weaning weight (WWadj) adjusted to 10 months, d) weaning weight unadjusted
(WW), and e) weight around puberty recorded at 18 months (W18). Furthermore, we
analyzed the following growth rate traits: a) average daily gain to 8 months (ADG8),
computed as ADG8=(W8-BW)/AGE8, b) pre-weaning average daily gain (ADGW, from
birth to weaning) computed as ADGW=(WW-BW)/AGEW, c) post-weaning average daily
gain (ADG18, from weaning to 18 months) computed as ADG18=(W18-WW)/(AGE18-
AGEW); where AGE8 (AGE18) is the age of the animal at the monthly weighing closest to 8
(18) months of age and AGEW is the recorded age at weaning. Furthermore, we investigated
the trait age at weaning (AGEW).
Data were analysed using General Linear Models (GLM) procedure of SAS (2012). The most
complete model tested was:

yijklm = µ + bgi + sexj + yrk + seasl + (bg x sex)ij + (bg x seas)il + (sex x seas)jl + eijklm

where: yijklm is the observation for a given trait; µ is the overall mean; bgi is the fixed effects
of breed group i (i=AB, AF, AJ, AS, AJxS, ASxJ); sexj is the fixed effects of sex j (j=male,
female, unknown); yrk is the fixed effect of the birth year k ( k=1999,…2007); seasl is the

fixed effect of birth season l (s=1, 2, 3, 4); and eijklm   is the random residual ~ ND(0, ).
Two-way interactions are shown within parentheses. Least Square Means (LSM) were
computed to estimate differences among means of traits for different factors.

RESULTS
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The number of observations, overall means, standard deviations, coefficient of variation,
minimum and maximum values observed for all traits studied are presented in Table I. The
distribution of observations over breed group (genotype) and sex classes are shown in Table
II. The significance levels for factors in the model and the least square means for the all main
effects are presented in Tables III and IV, respectively.

Comparison of breed groups.

The AJ calves were significantly lighter at birth (25.8 kg) than the other breed groups, which
did not differ from each other (27.5-28.4 kg) (Table IV).

For WWadj, AB and AF were heavier than the other four groups (AJ, AS, AJxS, and ASxJ),
however, without adjustment for weaning age AF was significantly heavier than all other
breed groups. Furthermore, AB, ASxJ and AJxS did not differ significantly from each other
but were all heavier than AJ and AS. For W8 the same tendency could be seen but only AB
was significantly different from the last four groups.

At 18 months, AF were heavier than AJ, AS, and also AB. Although AJxS and ASxJ were
approximately 14 and 11 kg lighter than AF, respectively, the difference was not significant
(Table IV).

Generally, the trends for the average daily gain traits followed those for the weights; AB and
AF had higher the average daily weight gain, but these differences were not always
significantly different from the other four breed groups. A general trend was that the daily
weight gain reached maximum at or before weaning and decreased thereafter up to 18 months
(Table IV). AF and AB calves performed similarly in daily weight gain up to weaning,
however, at 18 month of age AF out-performed AB significantly.

DISCUSSION

Birth weight

The mean BW of AF observed in this study was higher than that reported with Sanga x
Friesian cattle in Ghana (19.98 kg) (Sottie et al. 2008). For the same genotype (AF)
investigated in Democratic Republic of Congo, Kibwana et al. (2015) reported birth weight
of 23.8kg in non-supplemented group of animals and 24.8kg in supplemented group. In other
crossbreeding programs lighter, comparable or heavier birth weights were reported. Diack et
el. (2004) reported 19.1 and 16.2 kg birth weight in N’dama x Friesian and N’dama x Jersey,
respectively in Gambia, while in Ethiopia Demeke et al. (2003) reported 25.5, 25.7, 22.9,
21.5, 29.3 and 28.4 kg in Friesian x Barca, Friesian x Boran, Jersey x Barca, Jersey x Boran,
¾ Friesian x Barca and ¾ Friesian x Boran, respectively.

Weight at 8 months

The comparison of mean weight for AF at 8 months was not done because literature was not
available. However, in other crossing breeding programs involving Friesian and Jersey,
Demeke et al. (2003) reported 111.9 and 102.6 kg in Friesian x Boran and Jersey x Boran,
respectively, at the age of 6 months in Ethiopia. Magana and Segura (2006) reported a higher
weight (204.3 kg) in Brown Swiss x Zebu at 8 months of age in South Eastern Mexican
tropical environment.
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Weaning weight

The weaning weight (both WWadj and WW) for AF in this study was higher than the mean
(148.66 kg) reported by Sortie et al. (2009) in Sanga x Friesian at the age of 365 days in
Ghana. In Gambia, Diack et al. (2004) reported 95.5 and 95.0 kg at 300 days in Friesian x
N’dama and Jersey x N’dama, respectively. Plasse et al. (2000) reported higher WW (188 kg)
at the age of 232 days in Venezuela while in humid tropics of Mexico, Reynoso et al. (1987)
reported WW of 177.7 kg for European x Zebu crosses at the age of 232 days.

Weight at 18 months

For body weight at 18 months in this study AF outperformed other crossbreds. Weights of
AF (238 kg) were comparable to those (248 kg) obtained on farm in Ugandan AF cross of
similar age (Galukande et al. (2010). Lower weights (169.6 kg) than in the present study were
obtained in Sanga-Friesian crossbreds raised on natural pasture in the Accra plains of Ghana
(Sortie et al. (2008). In other crossbreeding programs of European and tropical breeds in
Gambia, Diack et al. (2004) reported comparable results 246.1 and 235.8 kg in Friesian x
N’dama and Jersey x N’dama, respectively, however, unlike the present study these were
body weights at three years of age.

Average daily weight gain

The daily average weight gains for AF obtained in this study were higher than those reported
in Ghana, where Sortie et al. (2008) obtained 0.32 and 0.27 kg for ADG8 and ADG18,
respectively, in Sanga x Friesian. In Ethiopia comparable results for ADG18 were reported by
Demeke et al. (2003), where 0.493, 0.480, 0.454, 0.431, 0.452, and 0.413 kg/day were
obtained in Friesian x Barca, Freisian x Boran, Friesian x Horro and Jersey x Barca, Jersey x
Boran, Jersey x Horro, respectively. Magana and Segura (2006) reported ADG8 of
0.712kg/day and ADG18 of 0.539 kg/day in Brown Swiss x Zebu in the tropical
environments of Mexico.

General comments

In general, AB seems to do very well during the first 8 or 10 months, as well as or better than
the AF cross. However, after weaning, growth decreased and the W18 was the lowest among
all breed groups. By that time, the AF was heaviest. Because the weaning age for AF was
higher than for AB, the actual weight at weaning for AF was higher than all other breed
groups. Because the time for weaning is decided subjectively, based on the perceived ability
of the calf to survive without milk, it is difficult to know if this higher weaning age for AF is
truly warranted and based on previous experience. If AF calves really need to be older (and
thus heavier) when weaned, it would be interesting to find out why this would be true. Do
they have more problems in grazing than the other breed groups, and if so, why? This would
require a more dedicated study with predetermined weaning ages and possibly also studies of
grazing behavior.

Even though the AF cross was the heaviest at 18 months, the superiority compared with, say,
AJ was only about 20 kg. The difference in body weight for purebred Holstein Friesian and
Jersey at that age would be expected to be in the range of 130 - 139 kg under good conditions
(e.g., Heinrichs and Hargrove, 1987), which would lead to an expected difference between
AF and AJ of 65-70 kg, disregarding any heterosis. The rather small differences between
breed groups in this study is probably due to that the environmental conditions (e.g., feed, but
also temperature and humidity stress) do not allow for the full expression of the genetic
potential for growth in the exotic crosses.
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CONCLUSION

The main conclusion from this study is the existence of differences in the performance of
different Ankole crossbreds. Generally, AF was heavier compared to other breed groups,
however, the difference in body weight was small compared to its expected genetic potential
and this highlights the importance of environmental factors in contributing to the variation in
pre-and post-weaning growth traits.
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Table 1. The total number of observations, overall mean, SD, coefficient of variation,
minimum and maximum for all traits investigated.

Trait1 N Mean Std Dev CV (%) Minimum Maximum

BW 811 26.5 3.7 13.8 12 50
W8 781 123.0 21.4 17.4 65 229

WW 493 160.7 33.2 20.7 74 285

W18 457 226.3 34.2 15.1 88 346

ADG8 779 0.40 0.09 22.4 0.16 0.65

ADGW 485 0.41 0.09 21.1 0.17 0.80

ADG18 424 0.36 0.10 27.2 0.07 0.74

AGEW 491 326.1 67.4 17.8 125 583

1BW= Birth weight (kg), W8=weight (kg) at 8 months of age, WW=weaning weight (kg), W18= Weight (kg)
at 18 months, ADG8=average daily gain (g) to 8 months, ADGW=pre-weaning daily gain (g), ADG18= post-
weaning daily gain (g) up to 18 months, AGEW = age at weaning (days).

Table II. Distribution of observations over breed groups and sex classes.
Breed group2 Sex

Trait1 AB AF AJ AS AJxS ASxJ Female Male Unknow
n

BW 41 46 346 189 86 103 338 170 303
W8 38 47 330 183 82 101 325 168 288
WW 39 38 162 128 61 65 320 160 13
W18 16 27 146 128 65 75 250 66 141
ADG8 38 46 330 182 82 101 325 168 286
ADGW 38 38 161 124 61 63 313 159 13
ADG18 13 27 129 121 61 73 237 64 123
AGEW 38 38 162 126 61 66 316 161 14
1BW= Birth weight (kg), W8=weight (kg) at 8 months of age, WW=weaning weight (kg), W18= Weight (kg)
at 18 months, ADG8=average daily gain (g) to 8 months, ADGW=pre-weaning daily gain (g), ADG18= post-
weaning daily gain (g) up to 18 months, AGEW = age at weaning (days).
2AB=Ankole x Brown Swiss, AF=Ankole x Holstein Friesian, AJ=Ankole x Jersey, AS=Ankole x Sahiwal,
AJxS=AJ x Sahiwal, ASxJ=AS x Jersey;
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Table III. The levels of significance (p-values) for all main effects and their possible
interactions. Significance levels are given for the model where all significant effects are
included and non-significant effects excluded.

Factor
Trait1 bg2 sex year season bg x sex

BW 0.0001 0.0420 0.0001 0.0341 n.s.
W8 0.0004 0.0017 <.0001 0.0287 n.s.
WWadj 0.002 n.s. <.0001 n.s -3

WW 0.001 n.s. <.0001 0.0133 -3

W18 0.0152 0.0067 0.0018 0.0004 n.s.
ADG8 0.0018 0.0057 <.0001 n.s n.s
ADGW 0.0014 n.s <.0001 n.s -3

ADG18 0.1602 <.0001 0.0165 <.0001 0.0205
Wage 0.0001 0.0230 <.0001 n.s n.s
1BW= Birth weight (kg), W8=weight (kg) at 8 months of age, WW=weaning weight (kg), W18= Weight (kg)
at 18 months, ADG8=average daily gain (g) to 8 months, ADGW=pre-weaning daily gain (g), ADG18= post-
weaning daily gain (g) up to 18 months, AGEW = age at weaning (days).
2bg = breed group
3indicates that this interaction was not tested because one or both of the main effects were non-significant.

Table IV. Least square means by breed group, sex and season for pre- and post-weaning traits
of Ankole crossbreds.

Trait2

Variable1 BW W8 WWadj WW W18 ADG8 ADGW ADG18 AGEW

Breed group

AB 27.9a 132.2a 172.7a 167.7b 203.4c 0.435a 0.458a 0.315b 307.3c

AF 28.4a 126.4ab 173.5a 182.0a 237.7a 0.413ab 0.433ab 0.395a 353.8a

AJ 25.8b 118.4dc 152.8b 153.1c 218.4bc 0.387bc 0.396c 0.341b 325.7bc

AS 27.5a 122.7bc 156.1b 151.8c 219.2bc 0.398b 0.400bc 0.351b 310.0c

AJxS 27.7a 115.7d 159.3b 165.1b 226.9ab 0.368c 0.399bc 0.357ab 343.3ab

ASxJ 27.5a 123.1bc 159.2b 164.5b 223.5ab 0.398b 0.398c 0.359ab 345.7a

Sex

F 27.0a 119.5a 161.3a 164.9a 229.5a 0.386b 0.412a 0.393a 339.3a

M 27.9b 125.9b 165.2a 164.6a 216.9b 0.410a 0.429a 0.333b 323.2b

U 27.5a 123.9b 160.3a 162.6a 218.2b 0.402ab 0.400a 0.332b 330.4ab

Season

SDS 26.5a 121.2b 162.2ab 166.8a 228.2a 0.395a 0.411a 0.384a 340.8a

LRS 28.1b 126.7a 166.1a 169.9a 210.3b 0.411a 0.421a 0.314c 336.6ab

LDS 28.2b 123.3ab 163.1ab 162.5ab 220.9a 0.398a 0.418a 0.342b 325.1ab

SRS 27.0a 121.3b 157.7b 156.9b 226.6a 0.394a 0.406a 0.372a 321.4b

1AB=Ankole x Brown Swiss, AF=Ankole x Holstein Friesian, AJ=Ankole x Jersey, AS=Ankole x Sahiwal,
AJxS=AJ x Sahiwal, ASxJ=AS x Jersey;
F=Female, M=Male U=Calves with unknown sex;
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SDS= Short Dry Season (Jan-Feb), LRS= Long Rainy Season (Mar-May), LDS= Long Dry Season (Jun-Aug),
SRS=Short Rainy Season (Sep-Dec).
2BW= Birth weight (kg), W8=weight (kg) at 8 months of age, WW=weaning weight (kg), W18= Weight (kg)
at 18 months, ADG8=average daily gain (g) to 8 months, ADGW=pre-weaning daily gain (g), ADG18= post-
weaning daily gain (g) up to 18 months, AGEW = age at weaning (days).
Mean values with different letters are significantly different (P<0.05)
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