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Abstract
The aim of the study was to evaluate the effects of feed formulation using the design of experiments methodology on the zootechnical performance of the
local hen in Burkina Faso. The experimental �ock consisted of one hundred (100) 11-day-old chicks of the "Poulet du Faso" breed, randomly divided into ten
lots of ten chicks. Ten feed rations resulting from the formulation by the experimental design method were prepared to feed the ten batches of poultry. Feed
intake, live weight, average daily gain and feed e�ciency were monitored weekly for 9 weeks. At the end of the study, the average daily food consumption
varied from 112.30 ± 50.79 to 119.49±52.11g/d, the average live weight of the subjects varied from 1089.53±0.07g to 1660±0.12g. The average daily gain
varied from 22.81±2.11g/d to 31.92±2.85g and the consumption index varied from 3.92±1.92 to 5.34±2.68.

The dissemination of this information to poultry farmers could improve their production yields and the pro�tability of their activity.

1. Introduction
Livestock plays an important role in the economy of West African countries, contributing up to 44% of agricultural GDP. With more than 60 million head of
bovines, 160 million small ruminants and 400 million poultry, the Sahel and West Africa are a livestock region par excellence (CEDEAO/OCDE/CSAO, 2008).

In Burkina Faso, as in most developing countries, economic and social development is based on improving the performance of the primary sector. Indeed, the
primary sector, which includes agricultural activities in the broad sense (including livestock, �shing and forestry), employs about 86% of the active population.
(Insd, 2008)

Livestock accounts for about 10 to 20 percent of the country's gross domestic product (GDP) and is the second largest contributor to agricultural value added,
after cotton (FAO, 2018). Livestock products rank third in exports, after gold and cotton, with a contribution of 26% (MRA, 2010).

With 44 million heads of poultry (FAO, 2019), the poultry industry provides livelihoods for approximately 1.6 million producers and households, particularly
women in rural areas (Ayssiwede et al., 2013; FAO, 2019) and contributes about 6% of agricultural GDP, (FAO, 2018). Poultry farming is dominated by the
breeding of local poultry, which accounts for more than 98% of the national population (FAO, 2019). The local chicken, a source of income for the farmers
(FAO, 2018), is used in many ritual sacri�ces and religious ceremonies such as weddings and baptisms (Hofman 2000 ; Sonaiya and Swan 2004 ; Kondombo
2005). Notwithstanding these apparent strong contributions, local poultry productivity is low due to insu�cient feed quality and quantity and poor husbandry
conditions (FAO, 2019). Indeed, the availability of complete feeds for local poultry has not been a priority in poultry policies in recent years, leaving this breed
to feed generally on household waste (Kondombo 2005 ; Pousga et al. 2005) or discarded cereal seeds. However, in poultry farming, feed, which is the main
factor of productivity and economic pro�tability of the farmers, can represent 70% of variable production costs (Oladokun and Johnson, 2012).

Feed formulation consists in gathering several available raw materials, quantifying their incorporation rate and putting them together to form a homogeneous
mixture in order to satisfy all the nutritional needs of the poultry in accordance with the production objectives (Saxena, 2012). Some poultry farmers use
ine�cient manual methods, others improvise approaches to solve poultry feed formulation problems (Oladokun and Johnson, 2012).

In view of these constraints, specialists have taken up and developed methods to formulate a food at a lower cost thanks to the development of computer-
assisted mathematical programming (Brah et al., 2016). Despite the importance of these methods, their application in the �eld of poultry feed formulation is
far from su�cient due to the variability and quality of the raw materials. The development of rigorous mathematical approaches becomes a permanent quest
in this �eld.

The objective of this study is to contribute to the improvement of feed formulations through the methodology of experiments, especially mixing designs, in
order to improve the zootechnical performance of local poultry in Burkina Faso, commonly known as « Poulet du Faso »

2. Materials And Methods

2.1. Study site
The study was conducted on a farm in TOECE, (Latitude 11° 49′ 46″ North, Longitude: - 1° 15′ 44″ West), a rural commune located in the Centre-South region of
Burkina Faso about 75 Km from the capital Ouagadougou. The climate is of the Sudano-Sahelian type with a rainy season from May to October and a dry
season from November to April. The dry season is dominated by cold and dry winds (harmattan) from December to February and hot and dry winds from
March to April while the rainy season is dominated by the monsoon. The average annual rainfall is between 500 and 1200 mm (INSD, 2014)

2.2. Animal material
The animal material consisted of 100 unsexed 11-day-old chicks of the local breed "Poulet du Faso" obtained at the FADIMA farm located in Ouagadougou
and transported to the "Expertise For Sens and Empowerment" farm where the study took place. An initial weight measurement of each chick was performed
upon arrival at the farm.

2.3. Experimental cage
The chicks were divided into ten batches of ten and each batch was reared on wood chip litter in a 1.5 m2 experimental cage that had been previously
disinfected. The cages were designed with wood and wire mesh. The bedding was changed every two weeks to minimize contamination.

2.4. Formulation of feed rations
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The food rations were carried out by the method of the plans of experiments in particular the plan of mixture which is a technique allowing to better organize
the tests to lead to better results (Goupy, 2006). Minitab version 8.1 was used for this purpose.

Thus, ten raw materials, chosen on the basis of their availability, their nutritional value and their cost, were retained as factors of the formulation plan. These
are ground corn grain, ground cottonseed meal, ground soybean meal, wheat bran, rice bran, �sh meal, oyster shell, dicalcium phosphate, salt and
Concentrated Mineral Vitamin Azote (CMVA). The lower and upper limits of these factors were set by the method developed by John CORNELL (1941) while
taking into account the recommended incorporation thresholds as described in the work of Ngom (2004). Table I shows the lower and upper limits of the
various factors.

The formulation matrix was constructed according to the method of Henri SCHEFFE (1958) using the Simplex Lattice Design with a mesh size m=1. Thus, a
matrix containing ten food formulas was automatically generated by the software. The approach consisted in varying the proportion of the constituents so
that the sum is equal to one hundred (100). The top level of each factor was combined with the bottom level of the other nine (9) constituents. Table II
represents the formulas of the experimental rations obtained by the mixing design method. These formulas have been coded from R1 to R10. The rations were
prepared using a locally manufactured grinder-mixer according to the proportions of the different raw materials indicated in the formulation matrix. Two 500g
samples of each formulated ration were characterized by conventional laboratory methods to assess their biochemical composition (Table II). The cost of
rations was estimated by summing the products of the prices of raw materials by their proportion in the ration (Table II).

2.5. Conduct of experiments and collection of zootechnical data
After the ten rations were obtained, each batch of ten chicks was fed with one ration for sixty (60) days or approximately nine (09) weeks, under the same
conditions. The food was served twice a day, morning and evening, at 8am and 7pm as described in NDIAGNE's work (1996). The chickens were fed and
watered ad libitum. The water in the troughs was changed three times during the day, in the morning and evening before the feed was distributed, and at 1:00
pm.

All subjects underwent the national medical prophylaxis protocol (MASA, 2013) against fowl plague, Gumboro disease, fowl pox, coccidiosis, helminth
diseases and parasitic diseases.

For each experimental ration, the average value of food consumption and live weight were recorded. Daily weight gain (DWG) was deduced from the one-week
weight gain by dividing it by seven. The consumption index (CI) was assessed as the ratio of daily food consumption to daily weight gain.

2.6. Statistical analysis
The mean values of the data were subjected to analysis of variance (ANOVA) with the software "XLSTAT version 7.5.2" at the signi�cance level of 5%.

3. Results And Discussions

3.1. Results
The mean values of daily food consumption of the subjects ranged from 112.30±50.79 to 119.49±52.11g/d (Table III). Ration R9 had the highest
consumption with a mean individual food consumption of 119.49±52.11g/d. It is followed by the R4 ration (118.78±51.77g/d) and the R1 ration
(116.57±51.27g/d). The R2 ration was the least consumed with 112.30±50.79g/d of average food consumption. Statistical analysis of variance of weekly
consumption data showed a signi�cant difference (P<0.05) between the consumption of rations R7 and R8 with the other rations from the beginning of the
experiment to the 3rd week. This difference is well illustrated by the graphical representation of the evolution of consumption during the trial (Figure 1).

Le poids vif moyen des sujets à la �n de l’étude a varié de 1089,53±0.07g à 1660±0,12g (Tableau IV). Subjects fed the R6 ration had the highest average live
weight (1660±0.12g). They are followed by subjects fed with the R10 ration (1605±0.17g) and the R3 ration (1601.51±0.24g). The subjects fed the R7 and R9
rations had the lowest average weights with 1089.53±0.07g and 1170.05±0.12g respectively. A statistical analysis (P<0.05) of the live weight gains of the
subjects shows a signi�cant difference between the different rations. This difference is well illustrated by the graphical representation of the evolution of the
growth of the subjects (Figure 2).

The R6 ration resulted in faster growth of the subjects, with an average daily gain of 31.92±2.85g/d (Table V). It is followed by the R3 ration (28.52±2.12g/d)
and the R2 ration (27.07±2.44g/d). The growth rate of the subjects fed with R7 and R9 rations was the lowest with 22.81± 2.11g and 23.39±2.46g/
respectively. Overall, we note a drop in growth rate with the age of the subjects (Figure 3).

Subjects fed R9 had the highest mean consumption index (5.34±2.68) followed by those fed R7 (5.21±2.77). Subjects fed the R6 ration had a lower
consumption index (3.39±1.92) (Table VI).

The cost of formulating rations varied from 203.40 to 238.98 FCFA/kg with an average value of 213.77 FCFA/Kg (Table II). Ration R8 is the most expensive
(238.98 FCFA/kg, followed by R10 (234.23 FCFA/kg. The formulation cost of the R5 ration is the least expensive (203.4 FCFA/kg) followed by the R9 ration
(205.29 FCFA/kg).

The formulation cost of the R5 ration is the least expensive (203.4 FCFA/kg) followed by the R9 ration (205.29 FCFA/kg)

3.2. Discussions
The mean individual feed intakes of the rations are well above the mean intakes (49g/d) and (71.9 ± 11.3 g/d) of the rations formulated respectively by
Bayala et al., (2016) and Hien and Coulibaly (2017) on local poultry in Burkina Faso. However, the results of this study are well below the average
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consumption (923.50gr/dr) of the ration formulated by Crop et al., (Crop et al., 2014) for broiler chickens in Congo.

The difference in feed consumption of chickens could be related to the difference in cellulose content of the different rations formulated by the different
authors. Indeed, Ngueba (2006) reported in his work, that when birds are fed ad libitum, a diet rich in cellulose causes a congestion of the crop. He indicated
that the regulation of feed intake in chickens is related to the degree of �lling and emptying capacity of the crop.

Moreover, between rations, a difference in the quantities of food consumed was noted. The R9 ration with the lowest protein content (18.32 g/100) was the
most consumed (119.49±52.11g/d). This is in agreement with the conclusions of the INRA (1984) which notes that food intake can be in�uenced by the
protein content of the diet. This institution mentions that in case of protein de�ciency, the feed is over-consumed by some species to ensure a su�cient intake
of amino acids.

The average live weights of the subjects obtained during the study are better than the live weights (615 and 656d) and (1028.2 ± 188.7g) obtained respectively
by subjects fed by Bayala et al., (2016) in 63 days of breeding and Hien and Coulibaly (2017) in 12 weeks of breeding.

The live weights 1660.40±0.12g, 1605.49±0.17g and 1601.51±0.21g obtained respectively from rations R6, R10 and R3 are similar to those from Ngueba
(2006) (1660 to 1740 g) and are also in accordance with the indications of the Agronomist's Manual (CIRAD-GRET, 2006) (1600 to 1900 g) for warm countries.
However, these results are still lower than those of the studies conducted on broilers by CIEWE ( 2006) (2120,15 - 2280,42 g), NTlVUGURUZWA (2008) (2405.2 -
2501.9 g) and SANNI (2014) (2085.79 to 2126.06 g).

This disparity in research results between different authors could be explained by the �ndings of Kondombo (2000) and Nougtara (2011) who noted that
protein is the main limiting factor for bird growth and the genotype-protein level of the ration interaction on growth (Ngueba, 2006).

The average daily gains (ADGs) obtained in this study are much higher than the ADGs of 9g/d and 7.7g/d obtained in subjects fed respectively with the feed
formulated by Hien and Coulibaly (2017) and Pousga et al., (2019). These data on the GMQ obtained are similar to the GMQ value (22 and 27g/d) obtained by
Bayala et al., (2016) However, the GMQ values obtained from the rations are much lower than the values of 58.57, 64.28 and 67.14 g/d obtained by the
subjects fed with the rations developed by Ngueba (2006). The difference in growth rate between the subjects fed the different rations could be explained by
the genotype-protein level interaction of the ration on growth (Ngueba, 2006). Indeed, Okwuosa et al., (1990) noted in his work that there is a particularity of
response of the genotype according to the protein content for feed intake and average daily gain. This difference would be related to the variable level of
needs of each genotype in essential amino acids and the availability of these amino acids in the diet (Ngueba, 2006).

The average consumption index is the ratio between the total amount of feed consumed and the average live weight. It is an important economic criterion that
allows us to assess the e�ciency of the feeding process.

At the end of the present study, the ration consumption indices obtained are higher than the SANNI (2014) feed consumption index values (2.5 to 2.72). It was
found that the consumption index increases with the number of days of rearing (Table VI). This observation is con�rmed by other authors such as
BETENE(2006) and ZONGO (2016)

The average cost (213.77 FCFA/Kg) of the formulas is lower than the cost (219.05 FCFA/Kg) of the feed formulated by Ouattara et al., (2015) and the price
charged on the national market for poultry feed which varies between 240 and 300 FCFA/Kg (CPAVI ; Faso Grain, Kono Aliment ; Société de Fabrique
d’Aliments pour Bétail) (Ouattara et al., 2015). This decrease can be explained by the rational use of raw materials in the formulation thanks to the design of
experiments method.

4. Conclusion
This study showed that the formulation of poultry feed rations using the design of experiments method improved the zootechnical performance of local
poultry « Poulet du Faso ». The live weight of the birds at the end of the study was higher in the birds receiving R6, R10 and R3. The average daily gain and
feed conversion ratio were better, especially for birds fed the R6 ration. The costs of the rations are signi�cantly lower than those of commercially available
foods. Thus, the popularization of this formulation methodology using experimental designs could solve the problem of feed quality encountered by poultry
farmers and thereby improve the pro�tability of their activity.
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Tables
Table  I : Lower and upper limits of factors (raw materials)
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Raw materials Lower Limit (g/100g) Upper limit 

(g/100g)

Crushed corn kernel 40 44.75

Oilcake Crushed cotton 5 9.75

Oilcake Crushed soybeans 15 19.79

Wheat bran 5 9.75

Rice bran 10 14.75

Fish meal 10 14.75

Oyster shell 2.5 7.25

Dicalcium phosphate 2.5 7.25

salt  0.25 5

Mineral-Vitamin-Azote Concentrate (CMVA) 5 9.75

 

Table II : Composition and nutritional value of experimental rations

Ingredients Experimental rations

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

Maize (%) 44.75 40 40 40 40 40 40 40 40 40

Cotton cake (%) 5 9.75 5 5 5 5 5 5 5 5

Soybean cake (%) 15 15 19.75 15 15 15 15 15 15 15

Wheat bran (%) 5 5 5 9.75 5 5 5 5 5 5

Rice bran (%) 10 10 10 10 14.75 10 10 10 10 10

Fish meal (%) 10 10 10 10 10 14.75 10 10 10 10

Oyster shell (%) 2.5 2.5 2.5 2.5 2.5 2.5 7.25 2.5 2.5 2.5

Dicalcium phosphate (%) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 7.25 2.5 2.5

Salt (%) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 5 0.25

CMVA (%) 5 5 5 5 5 5 5 5 5 9.75

Cost-formula (FCFA) 207.15 206.91 215.23 205.63 203.5 215.23 205.73 238.98 205.25 234.23

Chemical composition of experimental rations

Metabolisable energy (kcal/kg) 2837.90 2753.15 2757.88 2742.85 2849.06 2770.00 2660.62 2655.82 2657.24 2644.24

Crude protein (%) 18.82 20.28 20.47 19.10 19.04 20.28 18.41 18.37 18.32 18.36

Fats (%) 5.21 5.09 5.05 5.13 5.70 5.38 4.98 4.97 4.97 4.86

Carbohydrates (%) 40.40 37.09 3712 37.94 39.35 36.88 36.91 36.85 36.93 36.81

Crude cellulose (%) 7.58 7.79 7.37 7.77 7.27 7.11 7.12 7.14 7.06 7.04

Available phosphorus (%) 1.26 1.26 1.25 1.20 1.28 1.42 1,22 2.11 1.19 1.17

Calcium (%) 2.21 2.22 2.23 2.18 2.23 2.49 3.86 3.40 2.15 1.67

Lysine (%) 0.87 0.88 0.94 0.87 0.89 0.95 0.88 0.81 0.78 0.78

Methionine (%) 0.43 0.44 0.43 0.38 0.41 0.48 0.36 0.43 0.38 0.36

Threonine (%) 0.75 0.84 0.81 0.76 0.77 0.83 0.75 0.72 0.72 0.68

R= Ration

Table III : Average daily food consumption of subjects (in grams)
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Age

of
subjects

(in
weeks)

R1 R2 R3 R4 R5 R6 R7 R8 R9

W1 48.69±0.16b 44.43±0.22f 36.73±0.04j 49.13±0.13a 45.09±0.07e 47.39±0.03c 42.48±0.12h 40.07±0.03i 47.10±0.1

W2 59.45±0.45d 55.68±0.57j 60.42±0.43c 61.78±0.57b 59.62±0.10f 55.74±0.57i 59.19±0.45e 56.38±0.32h 62.53±0.4

W3 71.17±0.37d 67.16±0.25h 72.51±0.02c 73.38±0.12b 70.80±0.37e 67.34±0.12f 59.39±0.25j 62.16±0.25i 74.83±0.1

W4 97.95±0.05d 94.19±0.07j 98.94±0.05c 100.16±0.05f 97.58±0.05f 94.12±0.05i 97.82±0.07e 94.76±0.05h 101.612±

W5 114.32±0.42d 110.31±0.30j 115.02±0.14c 116.72±0.24b 113.95±0.17f 110.49±0.42i 113.94±0.30e 111.13±0.17h 117.98±0

W6 138.77±0.47d 134.76±0.35j 139.79±0.50c 141.34±0.11b 138.27±0.35f 134.94±0.47i 138.39±0.35e 135.46±0.35h 142.30±0

W7 152.6±0.30d 148.83±0.42j 153.58±0.30c 154.81±0.30b 152.35±0.17f 148.61±0.45i 152.34±0.30e 149.71±0.25h 156.38v0

W8 175.57±0.57d 171.56±0.45j 176.18±0.05c 177.78±0.57b 175.07±0.45f 171.62±0.45i 175.31±0.57e 172.26±0.45h 179.23±0

W9 190.57±0.30e 183.72±0.30j 192.21±0.56d 193.87±0.30b 189.67±0.02f 186.57±0.30h 186.77±0.77a 190.78±0.77i 193.45±0

Average 116.57 112.30 116.16 118.781 115.828 112.986 113.962 112.529 119.49

Ecartyp 51.27 50.79 53.58 51.77 51.63 50.78 53.01 53.45 52.11

 Values reported in the same row with different superscript letters are signi�cantly different at the P<0.05 threshold.

R= Ration

W= Week

 

Table IV : Average live weight of subjects

Age

of
subjects

(in
weeks)

R1 R2 R3 R4 R5 R6 R7 R8

W0 127.55 134.13 137.75 158.01 128.43 124.40 144.21 15

W1 301.88±0.20b 304.21±0.20b 321.28±0.24ab 224.57±0.15c 295.68±0.07b 380.65±0.09a 298.61±0.08b 31

W2 372.65±0.24bc 363.16±0.16bc 386.90±0.23bc 474.79±0.12a 346.22±0.09bc 426.28±0.10ab 313.61±0.08c 34

W3 573.74±0.21a 579.62±0.15a 562.77±0.18a 635.78±0.11a 584.67±0.09a 644.49±0.12a 415.21±0.07b 43

W4 740.44±0.30bcd 758.97±0.17bcd 793.78±0.20ab 814.72±0.11ab 740.31±0.06bcd 907.32±0.10a 625.64±0.09cd 61

W5 802.96±0.27bcde 883.53±0.19ab 904.91±0.21ab 837.94±0.11bcde 861.01±0.06bcd 1031.70±0.13a 724.53±0.08de 73

W6 914.70±0.24cde 1008.01±0.20bcd 1043.63±0.18abc 909.26±0.13cde 985.66±0.012bcd 1195.04±0.07a 836.91±0.09de 86

W7 1101.10±0.15bc 1161.27±0.17abc 1267.74±0.28ab 1094.92±0.14bc 1160.61±0.05abc 1335.46±0.08a 1003.64±0.08c 10

W8 1154.81±0.25c 1256.18±0.15bc 1381.33±0.15ab 1180.58±0.10bc 1211.25±0.07bc 1486.33±0.14a 1056.83±0.08c 11

W9 1263.33±0.26bcd 1445.40±0.14ab 1601.51±0.24a 1294.67±0.13bcd 1313.72±0.08bc 1660.40±0.12a 1089.53±0.07d 12

 Values reported in the same row with the same superscript letters are not signi�cantly different at the P<0.05 threshold.

R= Ration

W= Week

 

Table V : Average daily gain
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Age

of subjects

(in weeks)

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

W1 43.13 43.46 45.9 32.52 42.24 54.38 42.66 44.44 44.59 25.26

W2 26.62 25.94 27.64 33.91 24.73 30.45 22.4 24.49 26.1 23.9

W3 27.32 2.,6 26.8 30.28 27.84 30.69 19.77 20.87 20.33 27.65

W4 26.44 27.11 28.35 28.6 26.44 32.4 22.34 22.1 21.95 26.24

W5 22.94 25.24 25.85 23.94 24.6 29.48 20.7 20.96 19.75 25.08

W6 21.78 24 24.85 21.65 23.47 28.45 19.93 20.53 19.08 26.06

W7 22.47 23.7 25.87 22.35 23.69 27.25 20.48 21.51 20.37 27.07

W8 20.62 22.43 24.67 21.08 21.63 26.54 18.87 20.23 18.86 26.23

W9 21.06 24.09 26.69 21.58 21.9 27.67 18.16 20.21 19.5 26.76

Average 25.81 27.07 28.52 26.21 26.28 31.92 22.81 23.92 23.39 26.03

Ecart-type 6.97 6.37 6.63 5.12 6.30 8.63 7.57 7.81 8.25 1.14

 R= Ration

W= Week

 

Table VI : Consumption index

Age

of subjects

(in weeks)

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

W1 1.71 1.58 1.21 1.58 1.67 1.34 1.55 1.38 1.61 1.63

W2 2.32 2.06 2.11 2.22 2.29 1.67 2.52 2.20 2.47 2.30

W3 2.35 2.14 2.32 2.56 2.28 1.89 2.59 2.61 3.24 2.43

W4 3.47 3.13 3.12 3.58 3.38 2.70 3.94 3.82 4.26 3.48

W5 4.52 4.01 4.05 4.64 4.30 3.52 5.05 4.91 5.21 4.65

W6 5.82 5.18 5.15 5.75 5.50 4.47 6.41 5.94 6.51 5.52

W7 6.22 5.87 5.59 6.27 6.09 5.21 6.98 6.40 6.97 5.82

W8 7.77 7.20 6.89 7.68 7.26 6.20 8.58 7.89 8.61 7.07

W9 8.23 7.65 7.47 8.52 8.27 6.20 9.27 9.07 9.19 6.90

Average 4.71 4.31 4.21 4.75 4.56 3.69 5.21 4.91 5.34 4.42

Ecartyp 2.43 2.28 2.20 2.47 2.36 1.92 2.77 2.64 2.68 2.05

R= Ration

W= Week

Figures
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Figure 1

Evolution of individual food consumption/ day (g)

Figure 2

Evolution des poids vifs
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Figure 3

Evolution des gains moyens quotidiens
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