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Summary

Appropriate genotypes and management options are needed to improve livestock production
performances in densely populated areas and around urban centres in sub-Saharan Africa.
With the aim to support decision-making for selection and management of livestock used by
small household farms in Ouagadougou, Burkina Faso, we performed a comparative study of
body weight development of ruminants and pigs of different genetic background, as well as
the milk offtake and chemical composition of local and imported cattle genotypes. Non-linear
growth models were applied on individual weight data of 331 dairy cattle (7 household
farms), 110 beef cattle (7 household farms), 318 pigs (6 household farms), 219 sheep
(7 household farms) and 105 goats (4 household farms). 407 milk records for 89 lactations of
76 cows were analysed using linear mixed-effect models. Age-weight correlations showed
that imported livestock genotypes had higher mature body weights than local breeds.
Similarly, milk offtake was higher from European crossbred and Sahelian zebu cows as
compared to local zebu cows, whereas no genotypic differences were found in milk fat and
protein contents. Additionally, seasonal and nutritional effects suggest that higher livestock
production performances could be realized through improved feeding management and
husbandry conditions.
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Introduction

Globally, the trend for reduced genetic variation, both within and across livestock breeds,
continues drastically (FAO, 2015). Small, low-performing tropical livestock breeds are
increasingly replaced by genetically improved international and regional transboundary
breeds (Biscarini et al., 2015). In sub-Saharan Africa, imported genotypes have been
introduced particularly into commercial production systems in urban areas in order to bridge
the gap between the production and consumption of livestock products, which is projected to
further widen due to high population growth and high urbanization rates in the region
(Mpofu, 2002). Imported genotypes are also kept on smaller household farms in (peri-) urban
areas of West African cities with the aim to intensify the production (Roessler et al., 2016;
SWAC-OECD/ECOWAS, 2008). However, it has been shown that improved genotypes and
higher inputs in livestock systems do not necessarily lead to higher production outputs
(Roessler et al., 2016). Hence, local livestock breeds might be better adapted to the prevailing
production conditions of small urban household farms. The present study assesses the weight
development of ruminants and pigs of different genetic background, as well as the milk
offtake and milk quality of diverse cattle genotypes kept on household farms in
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Ouagadougou, Burkina Faso. The application of non-linear models may support the
optimization of breeding and management strategies to enable urban households to improve
livestock production performances of local and exotic genotypes.

Material and methods

The study was carried out from October 2014 until February 2016 in Ouagadougou, the
capital of Burkina Faso. Twenty-one households were purposively selected from 181
households that were interviewed in 2014 to represent the diversity of livestock-keeping
households in Ouagadougou (Roessler et al., 2016). Each household was visited on a regular
basis (intervals of 6-10 weeks) during the 18-months study period.

In total, weight records were taken from 1083 animals, of which 331 dairy cattle
(7 households), 110 beef cattle (7 households), 318 pigs (6 households), 219 sheep
(7 households) and 105 goats (4 households), using weighing platforms and an EziWeigh5
weighing kit (Tru-Test Inc., Mineral Wells, USA) for cattle and pigs, and weigh slings and a
hanging scale (Burg Wächter TARA PS 7600) for ruminants. Individuals of both sexes and
within a broad range of age and genotypes were considered. Genotypes included local and
Sahelian zebu (beef cattle); local zebu, Sahelian zebu and European crossbred cattle (dairy
cattle); local, Sahelian and crossbred sheep or goats; local and crossbred pigs.

Milk offtake was assessed for all milked cows with a hanging scale on two
consecutive days. In total, 407 milk records for 89 lactations of 76 cows were taken. For cows
milked twice a day, morning and evening milk was assessed, for the remaining cows the milk
offtake was either assessed in the morning or in the evening depending on the time of milking
in the respective farm household. The daily milk offtake (g/cow) was calculated as the
average of the total milk offtake (morning, evening, or sum of morning and evening milking)
of the two measuring days. For 364 milk records, the milk composition (fat, protein) was
assessed using an ultrasonic milk analyzer (Master Eco, Milkotester Ltd., Belovo, Bulgaria).

Breed / type specific age-weight correlations were computed in R 3.4.1 and checked on
goodness-of-fit with the following non-linear growth models: Brody, Gompertz, logistic, von
Bertalanffy and Richards. The goodness-of-fit of the different models was assessed by the
models' residual weighted sum of squares, and significance of the model parameters was
evaluated by their respective p-values.

We used the lme4 package (Bates et al., 2015) to perform a linear mixed effects
analysis for milk offtake, fat and protein. Fixed effect factors included were the genotype,
season, and homestead feed offer, which was quantified at each visit. No interaction terms
between fixed effect factors were entered. As random effect, we considered the animal.

Results and Discussion

Development of body weight

To take sexual dimorphism in weight development into consideration, model evaluations were
performed separately for males and females. Accordingly, parameter estimates of the
asymptotic weight values (A) were generally higher in male than in female genotypes, e.g.
551.4 kg in male vs. 258.6 kg in female local zebu dairy cattle. European crossbred and
Sahelian zebu cows reached higher mature body weights than local zebu cows (469.5 kg and
361.4 kg, respectively) (Table 1). Similarly, local ewes and does had mature body weights of
31.4 kg and 28.5 kg, respectively, while mature Sahelian ewes and does weighed 70.0 kg and
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35.4 kg, respectively. The mature weights of local ewes obtained in our study are in
agreement with weights reported in Nianogo & Ilboudo (1992), whereas the mature weight of
Sahelian does in our study was higher. Remarkably, Sahelian x local does outperformed both,
pure local and Sahelian does in the mature weight (38.1 kg), which might indicate a better
adaptation of crossbred goats to the prevailing production conditions as compared to pure
Sahelian goats. The estimated A value for local sows was 74.3 kg. No parameter estimates
were obtained for growth models for crossbred pigs due to non-convergence, showing that
crossbred fattening pigs are sold before they reach their mature body weight.

Table 1. Parameter estimates of best-fit growth models for dairy cattle genotypes.

Estimates
Model Genotype Sex1 A b0 Beta k p-value RSS2

Brody Local zebu M 551.4 0.951 - 0.011 0.001 24701530
Logistic Local zebu F 258.6 - 5.15 0.076 0.001 10463099
Logistic Sahelian zebu F 361.4 - 8.69 0.126 0.001 137687125
Gompertz European cross F 469.5 - -2.67 0.066 0.001 85949408
1 F: female, M: male, 2Residual sum of squares

Milk offtake and chemical composition

The daily milk offtake averaged 7340 g (standard deviation ± 5019.8 g). We found a
significant positive effect of the genotype (F2,77 = 52.2, p < 0.001), and season (F2,1355 = 17.6,
p < 0.001), while the amount of dry matter feed offered per kg metabolic weight had no
influence on the milk offtake. The highest milk offtake was observed in European crossbred
(9540 ± 4831.5 g) and Sahelian zebu cows (7293 ± 4172.0 g), and the lowest in local zebu
cows (1867 ± 796.6 g) (Figure 1). In the rainy season, the milk offtake amounted to 8421 ±
5473.0 g as compared to 6977 ± 4869.6 g in the early dry season and 7283 ± 4892.7 g in the
late dry season.

Figure 1. Comparative daily milk offtake [g] across cattle genotypes.
The fat and protein content of the milk were estimated at 3.2 ± 0.18 % and 4.9 ± 1.45 %,
respectively. The genotype and the amount of dry matter feed offered had no effect on the
milk fat content. In contrast, the season affected the milk fat content (F2,1798 = 30.3,
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p < 0.001), with the highest milk fat contents observed in the rainy season (5.3 ± 1.31 %). No
acceptable fit of the model to explain variability in the milk protein content was obtained.
Additional model evaluations are ongoing to appropriately describe production performances
of livestock used by small household farms in Ouagadougou, Burkina Faso, in order to
identify suitable genotypes and management options to improve livestock production
performances.
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