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Abstract 
 

One hundred and eighty white leghorn layers were used to evaluate the effects of partial 

replacement of maize with enset (Ensete ventricosum) corm on production and reproduction 

performance. The layers were fed ration containing enset corm at levels of 0% (T1), 6.5% (T2), 

13% (T3) and 20% (T4) to replace 0, 15, 30 and 45% of maize. The experiment was arranged in 

a completely randomized design with three replications and lasted 12 weeks. Hens were weighed 

at the start and end of the experiment. Data on dry matter intake, hen-day egg production, egg 

weight and egg mass were recorded daily. Egg quality parameters (egg shell weight and 

thickness, albumen weight and height, Haugh unit and egg yolk weight and color were 

determined at an interval of 7 days using 4 eggs per replicate. Enset corm contained 3.2% crude 

protein, 6.2% ether extract, 2.1% crude fibre and 1.18μg/100g beta-carotene. The mean daily 

DM intake of the group fed with T1 was significantly lower (P<0.05) compared with the groups 

fed with T2, T3 and T4, all of which had similar values. There was no significant difference 

(P>0.05) between all the treatment groups in average daily gain, hen-day egg production, egg 

mass, egg weight, feed conversion ratio, mortality rate, egg quality parameters, fertility, 

hatchability, embryonic mortality and chick quality characteristics. The net return gained from 

the inclusion of 13% enset corm to replace 30% of maize was more economical in terms of egg 

production and feed cost. Therefore, due to the year round availability and easy access by 

smallholder farmers in enset growing areas of Ethiopia, enset corm could safely and 

economically used in replacing 30% of maize in layers ration. 
 

Keywords: Egg quality, Enset corm, Hen-day egg production, Layers, Replacement 
 
 
 

77



Nigussu Fekade et al, /Eth. J. Anim. Prod. 16(1)-2016:77-92 
 
 
 
 

 

Introduction 
 

The demand for food of animal origin is expected to increase in developing countries because of 

escalation in human population, urbanization and income improvements especially in urban areas 

(Abdullah et al., 2011). The poultry sub-sector is one of the major protein sources that can meet 

the rising demand for protein of animal origin, attributed to the high rate of reproduction and 

feed conversion efficiency. Moreover, the sub-sector has the potential to create both rural and 

urban employment and generate income at various economic levels (Tekalign et al., 2017). 

Eggs are endowed with high quality proteins and have been used as a standard of high 

biological value (Lakhotia, 2002). However, productivity per bird and the contribution of the sub- 

sector to the national economy is low in Ethiopia. Availability, quality and market price of the 

conventional energy and protein sources are factors that limit the productivity of poultry in the 

tropics, including Ethiopia (Atawodi, 2008). Moreover, commercial poultry production is largely 

dependent on high quality grains, used as human food, putting it in a direct competition with 

human population, which leads to increased cost of poultry production (Gura, 2008). This 

situation warrants the evaluation of locally available none conventional feeds for inclusion into 

poultry ration. 

Ethiopia is endowed with diverse agro-climatic conditions favoring production of many 

different kinds of crops, providing a wide range of alternative feedstuffs suitable for poultry 

feeding (Tadelle et al., 2002). One of such crop is enset (Ensete ventricosum). Ensete 

ventricosum (Welw.) Cheesman, Musaceae] is a monocarpic short-lived perennial plant which is 

widely cultivated in the central, southern and south-western parts of Ethiopia. It is estimated that 

about 35% of the total population in Ethiopia live in areas where enset is a very important food 

crop, indicating that enset products are staple foods in Ethiopia (CSA, 2014). The pseudo-stem, 

corm and the stalk of the inflorescence constitute the most important components of enset 

(Adugna, 2008). Over 70% of the enset plant is composed of pseudo-stem and corm (Ajebu et 

al., 2008). The major food products obtained from the enset plant are kocho, bulla and amicho 

Enset corm has the high concentration of highly soluble carbohydrates and starch, but very 

low in fibre and cellulose (Mohammed et al., 2013). The corm, botanically the underground stem 

of enset, is used for vegetative propagation of enset. The corm can be processed with pseudo- 

stem to produce kocho. It is also cooked and eaten like potato. It is a sustainable food source, 

which can be uprooted and used any time during the life span of the plant, particularly during an 

extended drought. Mohammed et al. (2013) reported that enset corm contained 17 of the 20 

amino acids, in concentrations ranging between 1.2 and 8.7 g per 100 g of protein and between 

25.6 and 186.6 mg per 100 g of corm and the amounts of most amino acids are higher than that 

of potato. 
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Ajebu and Eik (2014) indicated that corm could be used as an alternative energy source in the 

diet of sheep. However, there is lack of information on the effect of feeding enset corm on 

performance and egg quality of layer chickens. Therefore, the present experiment was planned to 

evaluate the effect of partial substitution of maize grains with enset corm on the production and 

reproduction performance of White Leghorn layers. 
 
 
Materials and Methods 
 

Description of the study area 

The experiment was conducted at Haramaya University poultry farm, located at 42°3‟ east 

longitude, 9°26‟north latitude, at an altitude of 1980 meter above sea level 505 km east of Addis 

Ababa. The mean annual rainfall of the area was reported to be 780 mm and the average 

minimum and maximum temperature is 8 and 24°C, respectively (Samuel, 2008). 
 

Treatment ration preparation 

Enset plants of age 4-6years of “Ashakti” variety were bought from farmers in south west Shewa 

zone, Daryan Kebele, Oromia Regional State, Ethiopia. Fresh enset corm was dug out after 

removing the aerial part of enset plant. Whole fresh enset corm was washed, cleaned and sifted, 

peeled, chopped into small slices and sun dried over plastic sheet for five days. It was regularly 

turned to prevent uneven drying and decaying. The other feed ingredients i.e maize grain, wheat 

short, soybean meal, noug seed cake, salt, vitamin premix and dicalcium phosphate were 

purchased from the local market. Dried enset corm, maize grain, noug seed cake and salt were 

ground to pass through 5mm sieve before mixing. Finally the four treatment rations (Table 1) 

were formulated based on the results of the laboratory chemical analysis. The treatment rations 

were formulated to meet the nutrient requirements of layers (Leeson and Summers, 2005). Enset 

corm was included into the treatment ration to replace 0, 15, 30, and 45% of maize by weight in 

T1, T2, T3 and T4, respectively. 
 

Management of the experimental animals 

A total of 180 White Leghorn layers of 26 weeks of age were obtained from Haramaya 

university poultry farm. Before the commencement of the experiment, layers were managed 

under feed containing 20% CP and ME content 2800kcal/kg DM during starter phase and 16% 

CP and ME content of 2700kcal/kg DM during the grower stage. They were randomly divided 

into 12 groups of 15 birds each with equally mean group weight. Each group was housed in an 

individual pen covered with sawdust and equipped with all the necessary layers house 

equipment‟s. Before the commencement of the actual experiment, all the experimental pens were 
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thoroughly cleaned, disinfected and sprayed against external parasites. The pullets were 

vaccinated against Newcastle, Gumburo and Fowl Typhoid diseases. Vitamins were given as 

vitamin premix mixed in the diet. The wet litter was changed with dry, disinfected and clean 

sawdust whenever necessary. Twenty four cocks were randomly distributed to each group of 

layers (2cock/group). The treatment rations were randomly allocated to the experimental layers 

in Completely Randomized Design with 3 replications and lasted 12 weeks. 
 

Table 1: Treatment ration used in the experiment 

Ingredients Treatments 

T1 T2 T3 T4 

Maize 43.5 37 30.5 24 

Enset corm 0 6.5 13 20 

Wheat short 17 17 17 17 

Noug seed cake 17 16 17 16.5 

Soybean meal 14 15 14 14 

Vitamin premix* 1 1 1 1 

Salt 0.5 0.5 0.5 0.5 

Lime stone 6.5 6.5 6.5 6.5 

Dicalcium phosphate 0.5 0.5 0.5 0.5 

Total  100 100 100 100 

T1 = 0% enset corm; T2 = 6.5% enset corm ; T3 = 13% enset corm ; T4 = 20% enset corm as partial 

replacement to maize; *Vitamin premix 50 kg contains, Vit A = 2000000iu, Vit D3 = 400000 iu, Vit E = 10000 

mg, Vit K3 = 300 mg, Vit B1 = 150 mg, Vit B2 = 1000 mg, Vit B3 = 2000 mg, Vit B6 = 500 mg, Vit B12 = 4 mg, 
Vitpp = 60000 mg, Folic acid = 160 mg, Choline chloride = 30000 mg, Anti-oxidant = 500 gm, Manganese = 

10000 mg, Zinc = 14000 mg, Iron = 9000 mg, Copper = 1000 mg, Iodine= 200 mg, Selenium = 80 mg, Calcium = 
28.2% 
 

Feed was offered twice per day on an ad libitum base and refusal was removed the next day. 

Clean water was made available all the times. Feed offered and refused were sampled daily per 

pen and pooled per treatment for the entire experimental period for chemical analysis. Hens were 

weighed at the start and end of the experiment. Eggs were collected three times a day and 

weighed immediately. The mean daily feed intake, body weight change, feed conversion ratio, 

hen-day egg production and egg weight, egg quality parameters, fertility and hatchability, chick 

quality and economic analysis were used as treatment evaluation parameters. 
 

Egg production and quality parameters 

Egg mass per hen was calculated as total egg weight divided by number of hens and hen-day egg 

production was determined according to Hunton (1995). Egg quality characteristics were 
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determined at an interval of 7 days using freshly laid eggs. Egg shell, albumen and yolk weights 

were measured using sensitive balance. Albumen and yolk height were measured with a tripod 

micrometer. Egg shell thickness was measured by micrometer gauge. Yolk color was determined 

by comparing the egg color with Roche Color Fan measurement. Haugh unit was calculated from 

the egg weight and albumen height using the formula suggested by Haugh (1937). Egg and yolk 

shape indexes were computed according to Penda (1996). 
 

Fertility, hatchability and chick quality 

Adequate eggs stored for <7 days at a temperature of 10-14
o
C and selected against undesirable 

size, shape and shell characteristics were incubated. The eggs were candled on the 9th day of 

incubation for the determination of percentage fertility. Average percentage hatchability of the 

fertile eggs was computed by dividing the number of chicks hatched by the number of fertile 

eggs. Early, mid, late and pipe embryonic mortalities were determined on the 9
th

, 14
th

, 18
th and 

the last days of incubation using the method of Bonnier and Kasper (1990).Chick quality was 

determined according to Molenaar et al.( 2009) and chick length was determined according to 

the method of Meijerhof (2005). Chick weight at hatching was determined by weighing the chick 

after 12 hours of hatching (Molenaar et al., 2009). Yield percentage was calculated as the 

percentage of average chick weight to average initial egg set weight (Molenaar et al., 2009). 
 

Economic consideration 

The procedure of partial budget analysis developed by Upton (1979) was applied to estimate the 

economic benefits of each treatment ration, the market price of each feed ingredients were 

registered at the time of purchase. Total Return (TR) was calculated as a total egg produced 

multiplied by price of egg at Haramaya University during the experimental period. Net return 

(NR) was calculated as TR (Total return)-TVC (Total Variable Cost) (in this case feed cost). 

Change in total variable cost (∆TVC) was calculated as total feed cost of the treatments 

containing enset corm (termed as experimental ration) minus total feed cost of treatments 

without enset corm (control). The change in total return (∆TR) was calculated as the difference 

between total incomes from the respective experimental treatments minus total income of the 

control. Change in net return (∆NR) was calculated as net return of the respective experimental 

treatments minus net return of the control experiment. The marginal rate of return (MRR) 

measures increases in net return (∆NR) associated with each additional units of expenditure 

(∆TVC). It is calculated as: MRR = ∆NR / ∆TVC. 
 

Chemical analysis of feeds 

Dried feed samples were milled to pass through 1 mm screen for chemical analysis. Samples 

were analyzed for dry matter, crude protein, ether extract, crude fibre and ash according to 
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AOAC (2000). Calcium and total phosphorus content of enset corm was analyzed by atomic 

absorption and vanado-molybdate methods, respectively (AOAC, 1998) and beta-carotene 

content of enset corm was determined by spectrophotometer (AOAC, 1998). Metabolisable 

energy (ME) content of the experimental diets was calculated by indirect method from the 

equation proposed by Wiseman (1987) as ME (Kcal/kg DM) = 3951 + 54.4EE - 88.7CF - 40.8 

ash. 
 

Statistical analysis 

The data were analyzed using the general linear model procedure of SAS (SAS, 9.1) using the 

model Yij = μ + Ti + eij, Where: Yij = the j
th

 observation in the i
th

 treatment level, μ = over all 

mean, Ti = treatment effect and eij = random error. Differences between treatment means were 

separated using Tukey Kuramer Test (SAS, 9.1). The means were considered significant at P< 

0.05. 
 

Results and Discussion 

 

Chemical composition of feeds 

The CP content (3.20%) of enset corm is similar to the value (3.33%) reported by Mohammed et 

al. (2013) (Table 2). 
 

Table 2. Chemical composition (% dry matter unless specified) of the feed ingredients 

Ingredients 
 

Item 
Enset 

corm       
Maize

 
Wheat short    

Noug
 
seed

 
cake 

Soya bean 

meal 
 

Dry matter (%) 86.3 92.4 91.8 92.7 91.9 

Ash 5.4 3.2 4.6 13.0 6.1 

Crude Protein 3.2 9.3 15.7 31.8 40.8 

Ether Extract 3.2 3.5 5.8 9.8 1.4 

Crude Fibre 2.1 2.6 7.1 14.7 4.1 

ME (kcal/kg DM) 3718 3657 2664 2518 2660 

Ca 0.41 0.14 0.13 0.31 0.32 

P 0.02 0.3 0.3 0.6 0.70 

ME =Metabolizable energy, Kcal= kilo calories, Metabolizable energy (Kcal/Kg DM) = 3951+ 54.40 

Crude fat – 88.70 Crude fiber – 40.80 Ash (Wiseman, 1987) 
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Table 3: Chemical composition (% DM, unless specified) of experimental diets 

Nutrient contents 
Treatments

 
T1 T2 T3 T4 

Dry matter (%) 92.85 92.44 92.05 91.65 

Crude fiber 7.05 6.96 6.90 6.83 

Ether extract 3.64 3.68 3.80 3.88 

Nitrogen free extract 49.4 48.7 48.2 47.6 

Ash 15.83 15.89 16.32 16.82 

Calcium 2.91 2.92 2.92 2.93 

Total Phosphorus 0.54 0.54 0.53 0.53 

Crude protein 17.46 17.25 16.86 16.56 

ME (kcal/kg DM) 2877 2885 2880 2870 

T1 = 0% enset corm; T2 = 6.5% enset corm; T3 = 13% enset corm; T4 = 20% enset corm as partial 

replacement to maize 
 

A lower value of CP (2.2%) was reported by Ajebu and Eik (2014). The CP content of enset 

corm is low in general indicating the need for supplementation with feeds sources high in CP 

such as noug cake and soyabean meal. However, the ME content of enset corm was higher than 

the other feed ingredients used in this experiment except that of maize grain which has 

comparable value. The ME content of 3718 kcal/kg of DM reported for enset corm in the current 

study was higher than value of 3378 kcal/kg of DM reported by Mohammed et al. (2013). 

Variety and age of enset plant may have contributed to the variation in ME content of enset 

corm. The ME value of enset corm obtained in this study justifies its potential in substituting 

energy value of cereals such as maize in the diets of layers. The phosphorus content of enset 

corm was lower than that of the other feed ingredients used in this study. The calcium and 

phosphorous contents of the treatment diets are shown to be within the recommended values for 

layers. 
 

Production performance 

The mean daily DM intake of the group placed on T1 was significantly lower (P<0.05) than the 

group placed on T2, T3 and T4. On the contrary, there was no significant difference (P>0.05) 

between the groups fed with the latter three treatments (Table 4). The higher mean daily DM 

intake of groups of layers fed T2, T3 and T4 indicates that the inclusion of 6.5%, 13% and 20% 

of enset corm to replace maize in layers ration is acceptable and palatable. Consistent to the 

current result, Ngiki et al. (2014) reported increasing trends of feed intake with increasing levels 

of cassava root meal as substitute for maize. A linear increase of DM intake was observed in 

sheep consumed supplement containing graded levels of enset corm as a replacement to maize in 
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the ration (Ajebu and Eik, 2014). Afolaya et al. (2013) reported significantly lower feed intake 

for layers fed with ration consisting up to 20% sweet potato diet as a replacement for maize. On 

the other hand, Ajebu et al. (2015) noted similar feed intake for broiler chicks fed with 0%, 33%, 

67% and 100% kocho diets substituting maize. Raphael et al. (2013) also reported that 

replacement of maize with cassava root meal has similar effect on DM intake in laying hens. 
 

Table 4: Feed intake, body weight change and egg laying performance of white leghorn hens 

fed graded levels of enset corm 

Treatments 
 

Variables T1         T2       T3        T4         SEM 

DM intake (g/hen/d) 119.1
b
 124.9 

a      126.1 
a        124.4 

a         1.31 
 

Initial body weight (kg) 1.11 1.10 1.11 1.12 0.01 

Final body weight (kg) 1.71 1.68 1.67 1.65 0.01 

Average daily gain (g/head) 7.14 6.90 6.67 6.31 1.31 

Hen-day egg production (%) 42.50 43.40 44.40 42.20 0.65 

Egg mass (g/hen/day) 20.90 21.70 20.30 19.60 0.81 

Egg weight (g) 49.50 50.70 49.60 51.90 0.67 

FCR (g of feed DM/g of eggs) 2.60 2.70 2.50 2.70 0.03 

Mortality rate (%)  5.10 6.70 6.70 5.10 1.85 
a,b Means within a row with different superscripts differ (p<0.05);T1 = 0% enset corm; T2 = 6.5% enset 

corm; T3 = 13% enset corm; T4 = 20% enset corm as a partial replacement to maize; SEM = Standard 

Error of the Mean; FCE= Feed conversion efficiency 
 

Average daily gain, HDEP, egg mass, egg weight, feed conversion efficiency and mortality rate 

were not different (P > 0.05) among treatments. Absence of significant variation in hen-day egg 

production in the present study indicates that inclusion of enset corm diet up to 20% as a partial 

replacement for maize could be used to support the nutrient requirements of layers. Similarly, 

Smith (2003) observed up to 50% replacement of maize in the ration by cassava root meal show 

similar effect on egg laying performance. Saentaweesuk et al. (2000) noted that total substitution 

of maize by cassava in layers ration did not affect production performances. However, Anaeto 

and Adighibe (2015) observed decreasing trends in HDEP of layer fed with an increasing level 

(0%, 25%, 50%, 75% and 100%) of cassava root meal diets replacing maize. Senkoylu et al. 

(2005) noted that cassava tuber meal inclusion above 50% reduced egg production and egg 

quality as compared to maize based ration. On the other hand, Akinola and Oruwari (2007) noted 

increased egg production as the level of cassava tuber meal substituted 100% of the maize. 

Ladokun et al. (2007) also showed higher HDEP for layers that consumed 50% sweet potato 

meal rations compared with diets containing only maize. Mortality rate was similar for hens fed 
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diets with or without enset corm. This justifies that mortality noted in the present study is not 

related to inclusion of enset corm. Afolayan et al. (2013) showed that replacing maize with sweet 

potato meal did not affect the health status of the layers. 
 

Egg quality characteristics 

Egg quality parameters were similar (P>0.05) for all the treatment groups (Table 5). The 

similarity of egg quality characteristics indicates that maize can be replaced with enset corm in 

white leghorn layers ration without affecting egg quality parameters. Aderemi et al. (2012) also 

reported similar effect for substitution of maize with whole cassava meal on both internal and 

external egg quality parameters. Aina and Fanimo (1997) noted similar effect on egg weight, 

shell thickness and Haugh unit with complete substitution of maize by cassava tuber and sweet 

potato meals in layers ration. However, Anaeto and Adighibe (2015) reported significant 

decrease in shell thickness, albumen weight and yolk weight as the level of cassava tuber meal 

increased beyond 50%. Fafiolu et al. (2006) also recorded a slightly higher yolk color on 30% 

malted sorghum grain replacing maize. The similarity of yolk color recorded in the current result 

for feed with and without enset corm justifies that enset corm can replace maize without 

affecting yolk color. Wu et al. (2007) observed lack of effect of energy levels on yolk color. Egg 

yolk color is a very important factor in consumer satisfaction and influence human appetite 

(Amerine et al., 1995). 
 

Fertility, hatchability and chick quality 

The values of fertility, hatchability, embryonic mortality and chick quality characteristics were 

not different (P>0.05) among treatment groups (Table 6). Similar values of fertility and 

hatchability among treatment groups justify that maize can be replaced with enset corm in layers 

ration. Haftu et al. (2014) reported similar fertility and hatchability levels of eggs collected from 

white leghorn layers fed different levels (0%, 10%, 20% and 30%) malted barley diets replacing 

maize. Zebib and Mengistu (2012) also noted similar fertility and hatchability percentages from 

layers fed with varying levels (0%, 25%, 50%, 75% and 100%) of sorghum diets as a substitute 

for maize. Etalem et al. (2013) observed higher hatchability of fertile eggs collected from birds 

fed with 50% cassava meal compared with 100% maize. Odunsi et al. (2002) indicated 

inadequacy of nutrients in the breeder diets to result in poor hatchability of fertile eggs. Thus, the 

present result indicated that replacing enset corm for maize up to 20% could supply nutrients 

similar to maize for fertility and hatchability. 
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Table 5: Egg quality characteristics of white leghorn hens fed graded levels of enset corm 

Treatments 
 

Egg quality parameters T1         T2         T3         T4            SEM 
 

Sample egg weight (g) 52.25 51.81 51.78 50.43 0.33 

Egg length (mm) 55.3 57.5 54.3 55.5 1.32 

Egg width (mm) 40.6 40.4 40.2 40.5 0.01 

Egg shape index 73.17 70.87 73.4 72.99 1.46 

Egg shell weight (g) 5.59 5.56 5.71 6.07 0.06 

Egg shell thickness (mm) 0.31 0.31 0.32 0.33 0.002 

Egg albumen weight (g) 31.09 30.33 30.20 30.07 0.24 

Albumen height (mm) 7.84 7.31 7.36 7.92 0.17 

Haugh unit 89.48 87.46 91.70 89.80 1.15 

Egg yolk weight (g) 15.47 15.43 15.38 14.98 0.24 

Egg yolk height (mm) 15.35 15.16 15.40 14.8 0.17 

Egg yolk diameter (mm) 49.2 47.7 48.0 49.2 0.05 

Egg yolk index 0.31 0.32 0.32 0.30 0.03 

Yolk color (RSF*)  3.4 3.3 2.83 2.9 0.13 

Means within a row with different superscripts differ (p<0.05); T1 = 0% enset corm; T2 = 6.5% enset 

corm; T3 = 13% enset corm; T4 = 20% enset corm as a partial replacement to maize; *RSP = Roche 

scale points; SEM = Standard error of the mean 
 
 

The absence of statistically significant difference in embryonic mortalities between treatment 

groups justifies that enset corm could replace maize without affecting embryonic development. 

Zebib and Mengistu (2012) observed similar levels of embryonic mortality for birds fed with 

different levels (0%, 25%, 50%, 75% and 100%) of sorghum diets replacing maize in white 

leghorn layers ration. Similarly, Mihret and Mengistu (2012) noted lack of effect on embryonic 

mortalities in layers fed varying levels (0%, 25%, 50%, 75% and 100%) of dried cassava tuber 

meal diets replacing maize. On the other hand, Etalem et al. (2013) reported lower early and 

mid-embryonic mortalities for layers fed with 50% cassava root chips as a substitute for maize as 

compared to the group fed ration based on maize as a major energy diet. 

Abiola et al. (2008) documented positive correlation between egg size and chick weight at 

hatching. Similarly, Mihret and Mengistu (2012) reported positive correlation of chick weight 

and length for birds fed with cassava tuber meal as a substitute for maize. Accordingly, the 

similarity in chick weight between all the treatment groups could be attributed to the similarity 

of egg weight among the treatment groups. Moreover, it may show that replacing maize with 

enset corm does not affect chick development and all ration consisted sufficient amount of 
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nutrients to support embryonic development. This observation is in agreement with the finding 

of Etalem et al. (2013) who reported similar chick weight for birds fed with cassava root chips 

as a substitute for maize. Zebib and Mengistu (2012) also reported similar chick weight for 

birds fed with sorghum grain as a substitute for maize. On the other hand, Haftu et al. (2014) 

showed higher chick weight for birds fed with 20% and 30% malted barley grain replacing 

maize in the white leghorn layers ration. Absence of difference in chick length in the present 

study is in agreement to previous studies that evaluated effects of replacing malted barley grain 

(0%, 10%, 20% and 30%) with maize (Haftu et al., 2014). Chicks with better yolk utilization 

could have developed more body mass during the incubation period, and therefore grew longer 

(Meijerhof, 2006). 
 

Table 6: Fertility, hatchability and chick quality characteristics of white leghorn layers fed different 

proportion of enset corm as a partial replacement for maize 

Chick quality Parameters Treatment 

T1 T2 T3 T4 SEM 

Fertility (%) 98.00 96.67 96.0 98.0 0.36 

Hatchability on fertile egg bases (%) 76.22 75.97 73.78 76.19 2.65 

Early Embryonic mortality (%) 4.78 4.85 5.6 4.75 0.36 

Mid Embryonic mortality (%) 3.38 2.75 2.78 2.74 0.45 

Late Embryonic mortality (%) 5.43 5.50 5.55 6.12 0.50 

Pipe Embryonic mortality (%) 8.17 7.59 8.33 8.19 0.56 

Chick weight (g) 33.10 32.87 32.81 32.04 0.53 

Chick length(cm) 15.42 15.29 15.22 15.20 0.08 

Yield percentage  45.21 47.07 44.83 46.91 1.49 

Means within a row with different superscripts differ (p<0.05); T1 = 0% enset corm; T2 = 6.5% enset 

corm; T3 = 13% enset corm; T4 = 20% enset corm as a partial replacement to maize; SEM = standard 

error of mean 
 

Economic consideration 

The result obtained from partial budget analysis indicated that replacement of maize with 13% 

enset corm gave higher NR while the remaining treatments were ranked T2>T1>T4 (Table 7). 

The change in total variable cost in all the treatment groups was positive but the change in net 

return was negative for T4. The highest net return from 13% enset corm diet is because of the 

higher egg production and lower cost of the enset corm as compared to maize. This means that 

the cost of egg production decrease with increasing enset corm as an energy ingredient up to 

13% level of replacement of maize. Medegu et al. (2011) also reported highest cost per kg feed 

in maize-based diet compared to sorghum based diets. 
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Table 7: Economics of feeding graded levels of enset corm 

Treatments 

Total cost  T1 T2 T3 T4 

Total feed consumed/ head (kg) 10.4 11.0 10.9 11.1 

Total feed cost/head (birr) 62.6 67.5 68.4 70.7 

Total Variable Cost(feed cost) (birr) 62.6 67.5 68.4 70.7 

∆TVC (birr) - 4.9 5.8 8.6 

Total revenue 

Total number of egg produced/hen 38.0 43.0 44.0 38.0 

Total Return (TR)(birr) 95.0 107.5 110.0 95.0 

∆TR (birr) - 12.5 15 0 

Net Return( NR) (birr) 32.4 40.0 41.6 24.3 

∆NR (birr) - 7.6 9.2 -8.1 

MRR (%)  - 1.55 1.58 -0.94 

∆TVC = Change in Total Variable Cost; TR= Total Return; ∆TR= Change in Total Return; NR=Net 

Return; ∆NR=Change in Net Return; MRR = Marginal Rate of Return; Birr= Ethiopia‟s unit of 

currency: US $ 1.00= Birr 22.00; Egg sale = 2.5 birr/egg; T1 = 0% enset corm; T2 = 6.5% enset corm; 

T3 = 13% enset corm; T4 = 20% enset corm as a partial replacement to maize 
 
 
 

Conclusion 
 

The dry matter intake was the highest for layers fed with the treatment ration containing 20% 

enset corm diet. However, egg quality parameters, fertility, hatchability and chick quality were 

similar for layers fed with the treatment ration containing 0%, 6.5%, 13% and 20% enset corm as 

a substitute for maize in layers diet. The net return gained from the inclusion of 13% enset corm 

to replace 30% of maize was more economical in terms of egg production and feed cost. 

Therefore, due to the year round availability and easy access by smallholder farmers in enset 

growing areas of Ethiopia, enset corm could safely and economically used in replacing about 

30% of maize in layers ration. 
 

Acknowledgement 

 

The Authors would like to express their deepest gratitude to the Ministry of Education, 

Haramaya University research office and Assosa University for financial support. 
 
 
 
 

88



Nigussu Fekade et al, /Eth. J. Anim. Prod. 16(1)-2016:77-92 
 
 
 
 

 

References 
 

Abdullah, R.B., Embong, W.K. and Soh, H.H. 2011. Biotechnology in animal production in 

developing countries. Proceedings of the 2nd International Conference on Agricultural and 

Animal Science, Pp: 88-91. 

Abiola, S.S., Afolabi, A.O. and Dosunmu, O.J. 2008. Hatchability of chickens eggs as influenced 

by turning frequency in hurricane lantern incubator. Africa Journal of Biotechnology, 7 

(23): 4310-4313. 

Aderemi, F. A., Adenowo, T.K. and Oguntunji, A.O. 2012. Effect of Whole Cassava Meal on 

Performance and Egg Quality Characteristics of Layers. Journal of Agricultural Science, 4 

(2):195-200. 

Adugna Tolera. 2008. Feed Resource and Feeding Management. A manual for feed operators 

and development workers. Ethiopia sanitary and phyto-sanitary standards and livestock 

and meat marketing program (SPS-LMM). Addis Ababa, Ethiopia, Pp:38. 

Afolayan, S.B., Dafwang, I.I., Sekoni, A. and Jegede, J.O. 2013. Effect of Dietary Maize 

substitution with sweet potato meal on performance of growers (10-12 weeks) and 

subsequent egg production (23-35 weeks). Asian Journal of Poultry Science, 7(2): 55-64. 

Aina, A.B.J. and Fanimo, A. O. 1997. Substitution of Maize with Cassava and Sweet Potato 

Meal as the Energy Source in the Rations of Layer Birds. Journal of Tropical Agricultural 

Science, 20 (2): 163-167. 

Ajebu Nurfeta., Abebash kebede and Aster Abebe. 2015. Evaluation of Replacement Value of 

Maize with Kocho on the Growth Performance and Carcass Characteristics of Broiler 

Hubbard Chickens. Journal of Science and Development, 3 (1):35-43. 

Ajebu Nurfeta and Eik, L.O. 2014. Assessment of different levels of enset (Ensete ventricosum) 

corm as an energy supplement in sheep fed a basal diet of Rhodes grass hay, Hawasa, 

Ethiopia. Tropical Animal Health and Production, 46:905–911. 

Ajebu Nurfeta, Adugna Tolera, Eik, L.O. and Sundstøl, F. 2008. Yield and mineral content of ten 

enset (Ensete ventricosum) varieties. Tropical Animal Health and Production, 40: 299- 

309. 

Akinola, L.A.F., Oruwari, B.M. 2007. Response of laying hens to total dietary replacement of 

maize with cassava. Nigerian Journal of Animal Production, 34(2): 196-202. 

Amerine, M.A., Pangborn, R.M. and Roessler, E.B. 1995. Principles of Sensory Evaluation of 

Food. Academic Press, New York. 

Anaeto, M. and Adighibe, L.C. 2015. Cassava root meal as substitute for maize in layers ration. 

Brazilian Journal of Poultry Science, 13: 153-156. 

AOAC. 2000. Association of Official Analytical Chemists, 16
th ed. Official Methods of Analysis 

of AOAC International, Virginia. USA. 

89 



Nigussu Fekade et al, /Eth. J. Anim. Prod. 16(1)-2016:77-92 
 
 
 
 
 

AOAC (Association of Official Analytical Chemist).1998. Official Methods of Analysis, 

16thEdition, Washington, DC. 

Atawodi, S. E., Mari, D., Atawodi, J. C. and Yahaya, Y. 2008. Assessment of Leucaena 

leucocephala leaves as feed supplement in laying hens. Africa Journal of Biotechnology, 7 

(3): 317-321. 

Bonnier, P and Kasper, H. 1990. Hatching Eggs by Hens or in an Incubator. Agrodok No. 34. 

Agromisa, Wageningen. 39p. 

CSA (Central Statistical Agency). 2014. Agricultural sample survey Volume II. 

StatisticalBulletin No. 505. CSA, Addis Ababa, Ethiopia. 

Etalem Tesfaye, Getachew Animut, Mengistu Urge and Tadelle Dessie. 2013. Cassava Root 

Chips and Moringa oleifera Leaf Meal as Alternative Feed Ingredients in Layers Ration. 

International Journal Poultry Science, 12 (5): 298-306. 

Fafiolu, A. O., Oduguwa, O.O., Ikeobi, C. O. N. and Onwuka, C. F. I. 2006. Utilization of 

malted sorghum sprout in the diet of rearing pullets and laying hen. Animal Archive, (55) 

212: 361-371. 

Gura, S. 2008. Industrial livestock production and its impact on smallholders in developing 

countries. Consultancy report to the League for Pastoral Peoples and Endogenous 

Livestock Development (www.pastoralpeoples.org), Germany. 

Haftu Kebede, Mengistu Urge and Kefelegn Kebede. 2014. Effect of replacing maize with 

malted barley grain on fertility, hatchability, embryonic mortality and chick quality of 

white leghorn layers. Global Journal of Poultry Farming and Vaccination, 2 (3):121-125. 

Haugh, R.R. 1937. The Haugh unit for measuring egg quality. U.S. Egg Poultry Magazine, 43: 

552-553,572-573. . 

Hunton, P. 1995. Egg production, processing and marketing. World Poultry Science, Elsevier, 

Tokyo. 457-480p. 

Ladokun, O.A., Aderemi, F.A. and Tewe, O.O. 2007. Sweet potato as feed resource for layer 

production in Nigeria. African Crop Science Conference Proceedings, 8: 585-588. 

Lakhotia, R.L. 2002. Poultry Eggs. Agro bios (India). Jodhbur. 342p. 

Leeson, S. and Summers, J.D. 2005. Commercial Poultry Nutrition. 3
rd ed. Nottingham 

University Press, Canada. 398p. 

Medegu, C. I., Raji, A. O., Igwebuike, J. U. and Barwa, E. 2011. Alternative cereal grains and 

cereal by-products as sources of energy in poultry diets. Research Opinions in Animal and 

Veterinary Sciences, 1(8): 530-542. 

Meijerhof, R. 2006. Chick size matters. World Poultry Science, 22:30–31. 

Meijerhof, R. 2005. What counts for chick quality? Hybro B.V P.O. Box 30, 5830 AA, Boxmeer, 

Netherlands. 
 

90



Nigussu Fekade et al, /Eth. J. Anim. Prod. 16(1)-2016:77-92 
 
 
 
 
 

Mihret Aregy and Mengistu Urge. 2012. Effect of substituting maize with sundried and ground 

Cassava tuber on egg production, quality, fertility and hatchability of white leghorn hens. 

MSc. thesis. Haramaya University, Ethiopia. 

Mohammed Beyan, Gabel, M. and Karlsson, L.M. 2013. Nutritive values of the drought tolerant 

food and fodder crop enset. Africa Journal of Agricultural Research, 8 (20): 2327-2333. 

Molenaar, R. I., Reijrink, R., Meijerhof and Van den Brand, H. 2009. Relationship between 

hatchling length and weight on later productive performance in broilers. Hatch Tech B. V., 

adaptation Physiology Group, Wageningen University, 6700 AH Wageningen, The 

Netherlands. 

Ngiki, Y.U., Igwebuike, J.U., Morupp, S.M. 2014. Effect of replacing maize with cassava root- 

leaf meal mixture on the performance of broiler chickens. International Journal of Science 

and Technology, 3(6): 352-362. 

Odunsi, A.A., Ogunleke, M.O., Alagbe, O.S. and Ajani, T.O. 2002. Effect of feeding Gliricidia 

Sepium leaf meal on the performance and egg quality of layers. International Journal of 

Poultry Science, (1):26-28. 

Penda, P.C. 1996. Shape and texture. In: Text book on egg and poultry Technology, PP.57. 

Raphael, K.J., Kouabena, K., Herve, M.K., Alexis, T., Yacouba, M. 2013. Effect of substituting 

maize with cassava root meal on laying performances of local barred-chicken under 

improved management conditions in Cameroon. Livestock Research and Rural 

Development, 25(10). 

Saentaweesuk, S., Kanto, U., Juttupornpong, S. and Harinsut, P. 2000. Substitution of cassava 

meal for corn in layer diets. In: Proceedings of the 38th Kasetsart University Conference, 

Kasetsart University, Bangkok, Thailand, 1-4 February, 2000. 

Samuel Sahle. 2008. The epidemiology and management options of chocolate spot disease 

(Botrytis fabae sard) on Faba bean (Vicia faba L.) in Northern Ethiopia. PhD Dissertation, 

Haramaya University, Ethiopia. 175p. 

Senkoylu, N., Samli, H. E., Akyurek, H., Agma, A. and Yasar, S. 2005. Use of high levels of 

full-fat soybeans in laying hen diets. Journal of Applied Poultry Research, 14:32-37. 

Smith, H. 2003. Cassava as substitute for cereals in livestock rations. Available from: 

htttp://www.rada.gov.jm/hidden-menu-items/item/665-cassava-as-a-substitute-for-cereal- 

in-livestock-rations. 

SAS (Statistical Software System). 2009. SAS User’s Guide, Statistics. SAS Institute, Inc., Cary, 

NC. USA. 

Tadelle Dessie, Nigussie Dana, Alemu Yami and Peters, K.J. 2002. The feed resource base and 

its potentials for increased poultry production in Etiopia. World Poultry Science Journal, 

58: 77-87. 
 

91



Nigussu Fekade et al, /Eth. J. Anim. Prod. 16(1)-2016:77-92 
 
 
 
 
 

Tekalign Yirgu, Etalem Tesfaye, Getinet Assefa. 2017. Poultry Feed Resources and Coping 

Mechanisms of Challenges in Sidama Zone, Southern Ethiopia. Food Science and Quality 

Management, 60:77-87. 

Upton, M. 1979. Farm Management in Africa, the Principal of Production and Planning, Oxford 

University Press, p.380. 

Wiseman, J., 1987. Feeding of Non-Ruminant Livestock. Butter worth and C. Ltd. p.370. 

Wu, G, Bryant, M.M., Gunawardana, P., Roland, D.A. 2007. Effect of nutrient density on 

performance, egg components, egg solids, egg quality, and profits in eight commercial 

leghorn strain during phase I. Poultry Science, 86:691-697. 

Zebib Abisa and Mengistu Urge. 2012. Effects of substituting sorghum for maize on egg 

production, quality, fertility and hatchability of white leghorn layers. MSc. thesis. 

Haramaya University, Ethiopia. 

 


