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ABSTRACT

Animal source foods supply not only high quality and readily digested protein and energy but also
a variety of micronutrients that are difficult to obtain in adequate quantities from plant source foods
alone. Animal feeds should be formulated based on a standard requirement to get maximum yield
of animal source foods. This study was conducted to analyze the nutritional composition of animal
feeds and ingredients in Addis Ababa and to formulate dairy and poultry feeds. A total of 42
samples were collected consisting of 25 ingredients and 17 feeds. Proximate, mineral,
antinutritional factor and microbiological analysis were evaluated for the samples. The mean
content of the ingredients maize, wheat bran, wheat middling, soyabean cake and niger seed cake
was for moisture (14.32, 11.75, 10.79, 5.75 & 7.54%), crude protein (6.48, 11.83, 13.05, 46.70 &
37.36%), crude fat(3.13, 3.24, 2.63, 5.49 & 8.60%), crude fiber (2.30, 7.89, 5.96, 7.92 & 15.62%)
and total ash (1.29, 3.27, 2.13,6.29 & 6.99%) respectively. There was a significant difference
among the ingredients of the factories. The mean values of dairy, layer and broiler feeds was for
moisture (10.79, 9.33 & 9.92%), crude protein (18.3, 19.05 & 21.23%), crude fat (4.14, 4.58 &
4.98%), crude fiber (12.68, 12.98 & 11.81%) and total ash (10.38, 15.67 & 18.6%) respectively.
The analysis showed that there is a significant difference among the factories (P < 0.05). All of the
dairy feeds had crude fat value below the limit (10%). 17% (1 out of 6) of layer feeds and broiler
feeds had crude protein values below the limits (16.5% & 20%). All of the layer and broiler feeds
had crude fiber values above the limits (7% & 6%). 60% (3 out of 5) of dairy feeds, 67% (4 out of
6) of layer feeds and 33% (2 out of 6) broiler feeds had calcium values below the limts ( 0.8, 3-4
& 1.4%) respectively. All of the feed samples had phosphorus content below the given limits (0.5,
0.4 & 0.45%). The total mold counts of all samples were above the set limit (2 x 10* CFU/g). In
conclusion, there is a significant difference among feed producers (P < 0.05) and deviation from
feed standards of Ethiopian Standard Agency. This calls for better control of quality of animal
feeds and ingredients and has to be considered in feed formulation. The dairy, layer and broiler
feeds formulated in this study have good quality nutritional composition and can be used for the

production of animal source foods (milk, meat and eggs).

Key words — animal feed ingredients, dairy feeds, layer feeds, broiler feeds, nutritional

composition



1. INTRODUCTION

1.1. Background of the study

Animal source foods supply high quality and readily digested protein, energy and a variety of
micronutrients. Milk, meat and eggs can also serve as functional foods since they provide nutrients
such as calcium, probiotics, whey proteins and peptides, n-3 fatty acids, conjugated linoleic acid
and sphingolipids that have health benefits (Jose and Cristina, 2002). Provision of animal source
foods also helps to improve cognitive function, physical activity, growth, micronutrient status and
morbidity (Charlotte et al., 2007).

Milk, meat and eggs currently provide around 13% of the energy and 28% of the protein consumed
globally; in developed countries, this rises to 20% and 48% respectively. Consumption of livestock
products per capita has shown greater growth over the consumption of other major food
commodity groups. Since the early sixtys, consumption per capita of milk, meat and eggs has been

ever increasing in the developing countries (FAO, 2009).

The production of livestock is showing an increasing trend globally with cattle, sheep, goats, pigs
and buffaloes ranking the top five. Asia is experiencing the world’s highest growth rates in the
production of livestock products. There is also an increased livestock production in Africa due to
an increase in human population, income growth and urbanization (FAO, 2015). Ethiopia is home
to the largest livestock population in Africa with an estimate of about 56.71 million cattle, 29.33
million sheep and 29.11 million goats (CSA, 2015). And poultry population of the country was
around 51.35 million.

The highest growth rate of livestock production requires an increased supply of animal feeds.
Feeds can be classified as natural pasture, crop residue, improved forage and agro industrial
byproducts. (FAO, 2002). Livestock should get a balanced ration formulated from several raw
materials that provides the energy, protein, fats and vitamins required based on the class of the
animal in order to provide a high quality food. The lack of sufficient quality feed will further lead
to health consequences in turn affecting productivity. This is because animal feed is an integral
part of the food supply chain and it is critical to the efficient and profitable production of food
(Tolera, 2009).



Following the growing demand for animal products thus livestock production, the production of
animal feeds is advancing worldwide but in Ethiopia, the major animal feed resources that are
utilized for livestock production are natural pasture and crop residues. These resources are not
sufficient and vary seasonally. There is a lesser utilization of improved feeds and industrial by
products which is due to inavailability and high cost of such products and in some areas due to

lack of awareness (Demissie, 2018).

1.2. Statement of the problem

Ethiopia, although having the largest livestock population in Africa, the productivity of its
livestock resources is very low. The livestock sector in Ethiopia contributes only 12 and 33% of
the total and agricultural gross domestic product respectively (Ayele et al., 2003). The per capita
consumption of animal source foods is very low as compared to the average per capita
consumption of Africa (Solomon et al., 2003). This lack of dietary diversity is among the factors
that lead to stunting. In Ethiopia, approximately 38 % of children less than 5 years are stunted
(CSA, 2011).

The very low productivity of livestock in Ethiopia is primarily due to a shortage in the quality and
quantity of animal feeds (Tolera, 2009).There is only very few areas of improved pastures and
fodder crops and the available natural pastures and fodder crops are overgrazed. There is a
deficiency of feeds able to grow in different seasons and the consumption of agro-industrial by-
products is low (Mengistu, 1985). There is a high demand for manufactured compound animal
feeds but there is shortage of supply of such products and the marketing system is not developed
(Demissie, 2017).

Over the past few decades crop residues such as weeds and crop thinnings have become a larger
part of feeds when compared to grazing grasslands. Livestock producers manage feed shortage by
managing herds and by purchasing and conserving feed. The quality and quantity of animal feeds
must be improved in order to be able to produce feeds throughout the year and in different climates
(Mekasha et al., 2014).

The recommended intake of one cattle is 2 kg/head and the average intake of one chicken is 100g
per day. Of all the animal feed resources in the country manufactured animal feed accounts only a

small proportion. The number of cattle and poultry population is increasing at a high rate. In
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Ethiopia, nowadays livestock producers have started to use improved animal feeds that are
produced commercially but there is still a gap since there is a very limited feed production in

comparison to animal production rate (Bediye and Feyissa, 2006).

The demand for animal feeds is increasing from time to time while the feed industry hasn’t showed
much growth in capacity. This proves that the current production of animal feeds in Ethiopia is
very low (Bediye et al., 2018). This study was proposed to analyze the nutritional quality of animal
feeds and ingredients found in Addis Ababa and to formulate feeds with improved quality and

safety that will enable the production of safe and quality animal source foods.

1.3. Significance of the study

e The study will provide an insight in to the current nutritional quality of animal feeds of
dairy cattle, poultry layers and poultry broilers and also the ingredients used for animal
feed production in Addis Ababa.

e The result of the study will enable for animal feed producers to assess where they lie in
terms of the given standards and in comparison to other factories so as to improve future
productions.

e The output of the study could be used by livestock producers to produce nutritious animal
feeds for dairy cattle, poultry layers and poultry broilers which could result in the
production of an increased yield of quality and safe animal source foods; meat, milk and
eggs. It will also create awareness on the need to utilize quality and safe feeds.

e Theresult of the study may also be used for decision making and enforcement by regulatory
bodies like VDFACA to control the production of animal feeds in the study area.



1.4. Objectives of the study

1.4.1. General objective

The general objective of the study was to assess the nutritional status of the available animal feeds

and the raw materials used for feed manufacturing and to formulate new nutritious animal feeds

for dairy cattle and poultry production.

1.4.2. Specific objectives

The study had the following sub — objectives:

1.

To analyze the nutritional composition of currently available animal feeds and the
component ingredients for dairy and poultry feeds in Addis Ababa

To analyze the mineral composition and antinutritional factors of feeds

To analyze the microbial quality (total mould count) of the animal feeds and ingredients
To develop new dairy and poultry feeds from selected ingredients by using a least cost

formulation method and analyze their nutritional composition



2. LITERATURE REVIEW

2.1. Livestock production

Livestock production is the farming of domesticated terrestrial animals to produce food, fiber and
labor. Livestock occupies around one-third of the world and are an integral part of human history,
providing multiple benefits beyond the obvious supply of food and fiber. The livestock species
play very important economic, social and cultural roles. In many parts of the world livestock are a
very close part of culture of different societies by serving as a banking system as collateral for

loans in Africa through to being a religious symbol in India (Garg et al., 2013).

Livestock enable in improving earnings for low income households and help in food security when
produced in an environmental friendly method of less green house gas emission by adaptation to
climate change (Herrero et al., 2013). Animals especially pigs and poultry compete with humans
since they feed on grains but they are capable of converting these low value materials into meat,
milk and eggs (Smith et al., 2013).

The yield and quality of edible animal by-products depends on multiple interactive factors of
genotype (breed), sex, animal species, production system (feed lot or pasture-based system),
physiological and health condition of the animal, age, weight, post-mortem handling and

processing (Florek et al., 2012).

2.2. Animal feed

Animal nutrition is important for animal health and productivity expressed in growth, maintenance
and energy for vital activities. Animals need varying nutrients according to factors such as age,
pregnancy and use. Poor feeding decreases productivity of animals. Several studies show that good
feeding increases milk production of lactating animals. It also increases growth rate of meat
producing animals, giving more meat. Good nutrition also increases reproductive efficiency:
higher cyclicity, lower age at first calving, lower inter-calving interval, higher productive life and
higher profitability to farmers (FAO, 2002).

Animal feed is mixture of plant or animal source raw materials that are either processed, semi

processed or unprocessed nutritious products that come in the form of a finished product or a



supplement. The products with a high content of vitamins, minerals, amino acids and additives
that are mixed with feed are called pre-mixes while mixed feed are products that contain nutrients

, supplements and additives mixed together (Pavlova et al., 2013).

Feed quality is characterized by physical, physico-chemical and nutritional attributes of the feed
important for the efficient and profitable production of healthy livestock. Animal feeds should be
analyzed for their nutritional value, microbiological and chemical safety to ensure the productivity
of livestock (FAO, 2004).

Yami and Desie (1997) reported that the quality of mixed feed for commercial poultry production
is generally poor in Ethiopia. Most formulations available do not have vitamin/ mineral premixes.
Ingredients and processed feeds vary in nutritive value and there is no regular quality control
mechanism in the country. Unavailability of feed quality legislation and laboratory facilities for
chemical analysis also contributes greatly to the poor quality of processed feeds. Quality control
of raw materials is a mutual concern for suppliers and the animal feed industry (Tadelle et al.,
2002).

Feed cost is one of the major factors that affect livestock production. In Africa and other
developing countries feeds comprise 60-70% of total production costs (Lukuyu et al., 2011).
Shortages of feeds and forages are especially acute during the dry season causing an increase
in price of feeds globally (Ayantunde et al., 2005).A major reason for high feed cost is lack of feed
processing materials and added cost of distribution to distant areas. The lack of convenient roads

is the major problem that hinders supply of feeds to some areas (Achoja et al., 2006).

There are several animal feed resources that are limited to some seasons and areas only. This
requires for a replacement of these feeds with a similar resource. In such cases, improved forages
can be utilized by selecting suitability to the environment (Biratu and Haile, 2017). Consistent
availability of good quality ingredients and fully balanced complete feeds are essential for efficient
livestock production. There is less shortage of products that can be found locally. The most serious
problems arise from the unavailability of suitable micro-nutrient sources: vitamins and minerals
(Haftu, 2016).



2.2.1. Animal feed resources
Animal feed resources could be plant source, animal source or mixed source. Plant source
resources include grains, oil seed cakes and meals, grain by products, fruits and fruit by products,
molasses and sugar and alfalfa products. Animal source resources include byproducts of
slaughtered animals and animal waste. Mixed products include fats and oils and contaminated or
adulterated human food. Other forms of recently introduced resources include drugs, preservatives
and probiotics (Sapkota et al., 2007).

Roughages (Natural pasture and crop residues)

Roughages are fibrous and low energy feeds such as grasses, hays, and silages. There is variation
among natural pasture and hay from place to place due to environmental conditions. Now adays
crop residues are being used increasingly due to insufficient amount of natural pastures. The most
common crop residues are cereal crop residues like barley/wheat straw, green maize fodder,

sorghum and oat fodder (Tolera, 2007).
Maize

Maize is the most common grain that is used for animal feed production. The maize plant is
efficient at converting large amounts of sunlight into stable forms of chemical energy stored as
starch, cellulose, and oil. High digestibility and energy content of maize makes it preferable in
commercial poultry diets. The amino acid profile of the protein in maize complements the amino
acid profile of the other ingredients, such as soybean meal, typically used in feed. Alternative

grains are typically evaluated in relation to maize (Robertson et al, 2006).
Agro-industrial by-products

Agro-industrial by-products are rich in energy and protein contents. They have less fiber content,
high digestibility, and energy values compared with the other class of feeds. The major feed
resources as by-products of the agro-industries are milling by-products (wheat bran, wheat
middling, wheat short, rice bran and screenings), edible oil processing by-products (soya bean cake,
niger seed cake, rapeseed cake, cottonseed cake, linseed cake, ground nut cake, sesame cake,
sunflower cake, peanut cake and safflower cakes), molasses, spent brewery grain and spent

brewery yeast (Mirzaei and Maheri, 2008).



Agro-industrial by-products produced in Ethiopia include by-products from flour milling, sugar
factory, oilseed and brewery factories. These by products are mainly used for dairy, poultry and

fattening animals (Alemu et al., 1991).

Soya bean cake is the most common oil cake for animal feed production. Soybean is not only a
source of high quality edible oil for humans, but also a high quality vegetable protein in animal
feed worldwide. It has a very high protein content with suitable amino acid profile. It has consistent
availability and nutrition throughout the year and has low amount of antinutritional factors that
can be reduced by minimal processing. It is also preferred against animal proteins that have low
allowed limits of inclusion (Dei, 2011).

Soybean meal protein has a good digestibility in poultry (Woodworth et al., 2001). However,
carbohydrates in soybean meal are incompletely digested by colonic micro biota in mono-gastric
animals (Kerley and Allee, 2003). This can be improved by removal of raffinose and stachyose
that increases metabolisable energy content by 12% (Graham et al., 2002). Recently, kidney bean
meal has been found to be a possible poultry feed able to provide nutrients similar to that of soy
meal (Hussien et al., 2015).

Niger seed cake is one of the oilseed cakes commonly used as a protein supplement for livestock
in Ethiopia. About 84,802.34 tons of noug seed is processed every year in the country from which
about 50% niger seed cake is produced. The protein content of noug seed cake varies from 28-
38% with most values lying between 30-35%. The fat content varies from 2.1- 12.6% with an
average of 8.4% and has high fiber (34.4%) and 8.4% lignin content and low digestibility of 61.7%

compared to most other oilseed cakes (Adugna, 2008).

Wheat Bran

The wheat grain consists of about 82% endosperm, 15% bran, and 3% germ. Wheat bran is the
major milling by-product used as livestock feed in Ethiopia. It is the outer fibrous layer separated
from the rest of the grain and germ. It is the physically fibrous and flaky product. It is the outer
kernel plus some flour with a protein content of 14-18%. It has high phosphorus (1%) but low
calcium (0.1%) content. Wheat bran is quite palatable and is well known for its laxative
characteristics because of its swelling and water holding capacity. This is due to its high fiber and
non-starch carbohydrate content (Adugna et al., 2008).



Wheat Middling

Wheat middling is a by-product of wheat milling. During milling, 70-75 % of the wheat grain
becomes flour, and the remaining 25-30 % results in by-products. Wheat middling consist of fine
particles of wheat bran, wheat shorts, wheat germ, wheat flour, and some of the by-product from
the tail of the mill. Wheat middling cannot contain more than 9.5% crude fiber and must have
minimums of 14% protein and 3% fat (Jacob, 2015).

Molasses

Molasses contains high level of sugars which are readily digested in the rumen. It is also a good
source of minerals such as calcium, potassium, sulfur and trace minerals but deficient in nitrogen
and phosphorus. It can be a major or minor component of drought feed. It is a concentrated source
of energy that can be stored for a long period. Since the protein content of molasses is negligible,
it is usually fed with high-quality protein or urea. Molasses is often used as a carrier for urea

because it is palatable and provides a wide range of minerals (Jabbar et al., 2000).

Brewery Grain

Brewers’ spent grain (BSG) is the most abundant by-product generated from the beer-brewing
process, representing 85% of the total by-products obtained. After the mashing process the
insoluble part of the barley grain, the BSG, is in solution with the soluble (liquid) wort. The wort,
which will be fermented into beer, is filtered through the BSG, which is a by-product and must be
disposed of (Mussatto, 2014). Brewery grain and spent yeast from the brewing industry which is
high in protein are animal feeds that can be found in higher quantities in areas near breweries
(Tolera, 2008).

2.2.2. Animal feed production

Production of a balanced ration benefits not only livestock productivity but also environment
conservation by utilizing locally available raw materials. Animal feed production causes
environmental pollution but feeding a diet containing nutrients such as protein, carbohydrates and
minerals in the right proportion and in an amount that meets the nutrient requirements of animals
for achieving the targeted production would decrease nitrogen, phosphorus and methane release in

the environment and the biodiversity loss (Garg et al., 2013).



In the production of feeds, the first step is cleaning of the raw materials. Reducing size (grinding)
is the next step in this process. All ingredients need to be reduced in size to accomplish a
homogeneous process into the mixer. Once ground, the ingredients are stored separately prior to
weighing, dosing and then mixing. In the mixer, the ingredients remain for a certain amount of

time. From here the mash goes to pelletization. Once molded, the feed is cooled and packed.

__/_\_-/_
(Gl = H_\'H_

v

Figure 1. The process flow of animal feed production

Pelleting

Pelleting is the most commonly used thermal processing method in the animal feed industry. The
aim of pelleting processing is to agglomerate ingredient particles by mechanical action, in
combination with moisture, pressure and temperature. Several factors affect the quality of pellet,
such as the nutritional composition of feed, the size of the feeds, the time and temperature applied,
the moisture content, compression rate of pellet die and gap between the pellet press roll and die
(Muramatsu et al., 2015).

Pellet form of feed improves animal performance and feed conversion than a meal form of a diet.
Livestock that are fed pellets show higher weight gain and better feed conversion than those that
are fed meals. The improvements in performance are achieved by decreasing feed wastage,
reducing selective feeding, decreasing ingredient segregation, minimizing time and energy
expended for prehension, destroying of pathogenic organisms, thermally modifying of starch and

protein and improving palatability (Thomas et al., 1997).
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2.2.3. Animal feed production in Ethiopia

Demand for Animal Source Foods and Feeds in Ethiopia

Driven by population growth, increasing urbanization and incomes, the demand for livestock
commodities in Ethiopia is rapidly growing. Compared to the production base year of 2014/15
with estimated 167million liters of milk, 1.3 million tones of red meat and 419 million eggs, the
projected demand is expected to be 1490 million liters of milk, 1.9 million tones of red meat and
3.9 billion eggs by 2020 (LMP, 2015). Also, at global and regional levels the demand for livestock
products is projected to increase by 60-70% by 2050 from the current level. Thus, Ethiopia should
take advantage of the opportunity to benefit from the global and the country’s economic

development and the better future of animal source food consumption (Makkar, 2016).

Ethiopia is working on a strategy to achieve food security and to provide income for its population
from the livestock sector which requires a lot of research and development in the area. The country
is planning to benefit largely from the livestock and fisheries sectors in order to develop its
economy. The livestock and fisheries sectors present opportunities for business and increasing the
availability of livestock sourced products and can address food and nutrition security challenges
in Ethiopia (Tegegne et al., 2010).

The demand for compound feeds is affected by the supply, quality and cost of feed ingredients.
The higher cost of compound feeds has led for livestock producers to use other resources of natural
pastures, improved pastures and crop residues. There is a varying demand for animal feeds across
the country where Addis Ababa shows the highest demand due to the availability of different feed

factories (Demissie, 2018).

Feed ingredients commonly used in Ethiopia

Among the various available animal feeds, the ones that are utilized in Ethiopia include green
fodder, crop residues that are harvested byproducts, improved feeds such as alfalfa, hay and
industrial by-products (CSA, 2014). Natural pasture and crop residues contribute the largest share.
The quality of these feed resources varies in time and ecological change, rainfall, soil type and
cropping intensity. Crop residues have limited feeding value due to high fiber. In recent years,
many improved forages have been developed and are utilized in different areas of the country.
Industrial by-products are mainly used in urban and peri-urban livestock production and for

production of animals with a relatively high nutrient supply (Mengistu et al., 2017).
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In central high lands of Ethiopia, although natural pasture and crop residues are produced in large
amounts, their full and efficient utilization for livestock feeding has been hindered partly by
economic problems and inadequate knowledge of the farmers. The major constraints for not
applying different roughage treatment techniques were lack of knowledge about the methods used,

shortage of money and ease of access to the methods (Hassen et al., 2010).
Feed industries in Ethiopia

There are several private and union commercial feed manufacturing industries in Ethiopia which
mainly produce feeds for poultry production. Currently the feed industries are operating below
their capacity due mainly to low demand, high cost and low quality of feeds produced (Tolera et
al., 2012). The animal feeds produced in Ethiopia are mainly composed of the ingredients corn,
bone and meal, soya bean cake, noug cake, rapeseed cake, limestone, salt, vitamin, lysine and
methionine. Most ingredients are found locally as the byproducts of factories but some are
imported (VDFACA, 2016).

There are a total of 81 feed enterprises found in the Ethiopian commercial feed sub-sector as shown
in Table 1. The feed industry includes feed processing plants, farmer unions, supplement
manufacturers, feed processing machinery and forage seed producers. Most of these enterprises
are found in Addis Ababa (Bediye et al., 2018).

Table 1. Industry structure and regional distribution of enterprises engaged in feed industry

Number of enterprises in each category

Region Feed Farmer Supplement Feed Forage Total
processing  unions importers processing seeds enterprises
plants /manufacturers machinery
Addis Ababa 10 1 10 4 1 26
Oromia 12 6 4 1 0 23
Ambhara 4 7 0 0 0 11
SNNPRS 4 6 1 0 0 11
Tigray 2 8 0 0 0 10
Total 32 28 15 5 1 81

(Bediye et al., 2018)
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Price trends of feed ingredients in Ethiopia

Price trends of feed ingredients taking base year of 2010/11 and average price of 2015/16 suggest
an average increase of 52% across five years and at an annual increase of 11% (Table 2).

Table 2. Price trends of major feed ingredients (Birr per ton)

Ingredient 2010/11 Price 2015/2016 Price Percentage change
Maize 4000 5100 28

Wheat bran 2800 4170 49

Wheat middling 3000 4200 40
Niggerseed cake 3000 4800 60
Rapeseed cake 1300 2900 123
Soybean meal 7500 12000 60
Cottonseed cake 4550 5000 10
Percentage change on the overall period 52

Percentage change per annum 11

(Bediye et al., 2018)
Price trends of feeds in Ethiopia

Price trends of feeds taking base year of 2010/11 and average price of 2015/16 show a more than
double price increase for all feeds (Table 3). The lowest increase was for chick starter ration (63%)

and the highest increase for heifer ration (130%).

Table 3. Price trends of major compound feeds (Birr per ton)

Ingredient 2010/11 2015/16 % Change
Layers ration 5,030 8,340 66
Growers ration 5,520 10,270 86
Chick starter ration 6,550 10,676 63
Dairy ration 3,340 6,110 83
Calves ration 4,280 8,560 100
Heifer ration 2,800 6,440 130
Beef cattle ration 3,520 6,090 73
Sheep ration 3,540 6,440 82

(Bediye et al., 2018)
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2.2.4. Animal feed requirements
Animal feed requirements are determined by defining the animal’s requirements and the ability of
feed stuffs to meet those requirements. The determination considers the complex digestive system
of livestock species and the availability of various potential feedstuffs that can be provided. The
nutrient requirements are defined by understanding and modeling fermentation, digestion,
absorption, and retention of nutrients by animals and defining how these factors are influenced by

numerous physiological, environmental, and management factors (Galyean, 2014).

Specification for dairy cattle

Dairy cattle require nutrients for maintenance, growth, production and reproduction. These
nutrients are expressed in terms of water, energy, minerals and vitamins. Feeds should primarily
supply the energy and the digestibility required for the animal to be fed. Energy content of the feed
directly determines nutritional content of milk. Thus the energy required should be proportional to
the composition of the milk (fat and protein content) (Streeter, 2006). The existing Ethiopian
standard for animal feed protein for cattle is 15-25 % by mass (table 4).

Table 4. Requirements for compounded cattle feeds

Item Constituents Levels

1 Moisture, percent by mass,max 12

2 Crude protein, percent by mass 15-25

3 Non protein nitrogen, percent by mass,max 6

4 Crude fiber, percent by mass,max 12

5 Acid insoluble ash, percent by mass,max 4

6 Crude fat, percent by mass,max 10

7 TDN, percent by mass, min 72

8 Common salt, percent by mass,max 1

9 Calcium, percent by mass,min 0.8

10 Phosphorus, percent by mass,min 0.5

11 Magnesium, mg/kg, min 700

12 Sulphur , percent by mass,min 0.2

13 Manganese, ppm, min 20

14 Zinc, ppm, min 40

15 Cobalt , ppm, min 0.1

16 Copper, ppm, min 10

17 lodine , ppm, min 0.8

18 Vitamin A, 1U/kg, min 6000

19 Vitamin D, 1U/kg, min 600
ESA (2019)
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Specification for poultry

Poultry require nutrients to maintain their current state and to enable body growth (weight gain)
or egg production. Birds need a steady supply of energy, protein, essential amino acids and fatty
acids, minerals, vitamins and, most important, water. Poultry obtain energy and required nutrients
from natural feeds but their feeds can be fortified by supplements. The different classes of poultry,
layers and broilers have different demand for energy, proteins and minerals (Leeson and Caston,
2008). The Ethiopian standard for crude protein is 16.5 % for poultry layers and 20% for poultry
broilers (Table 5).

Table 5. Requirements for compounded poultry feeds

Item Constituents Chick  Grower Layer Broiler  Broiler Layer Broiler
starter starter  finisher breeder breeder

1 Moisture, percent by 12 12 12 12 12 12 12
mass,max

2 Crude protein, percent 19 15 16.5 22 20 175 175
by mass

3 Non protein nitrogen, 5 7 7 5 6 7 7
percent by mass,max

4 Crude fiber, percentby 8 9 14 8 9 14 14
mass,max

5 Acid insoluble ash, 3 4 4 3 3 4 4
percent by mass,max

6 Salt as NaCl , percent 0.6 0.6 0.6 0.6 0.6 0.6 0.6
by mass, max

7 Calcium a Ca , 1-14 1-14 3-4 1-1.4 1-1.4 3-4 3-4
percent by mass, max

8 Available phosphorus, 0.4 0.4 0.4 0.45 0.45 0.4 0.4
percent by mass, min

9 Lysine, percent by 1 0.7 0.6 1.2 1 0.6 0.6
mass, min

10 Methionine,percent by 0.35 0.27 0.3 0.5 0.4 0.3 0.3
mass, min

11 Methionine + Cystine, 0.6 0.5 0.55 0.55 0.7 0.55 0.55
0/100g

12 Metabolisable energy 2600 2500 2600 2800 2900 2600 2600
(kcal/kg) , min

ESA (2019)
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The feeds must also provide minerals as part of a feed formulation or in form of supplements and

premixes in amounts as stated in table 6.

Table 6. Minimum requirements for minerals, fatty acids and vitamins in poultry feeds

Item | Constituents Chick | Grower | Layer | Broiler | Broiler | Layer | Broiler
starter starter finisher | breeder | breeder

1 Manganese, mg/kg | 75 50 55 75 75 75 75

2 lodine, mg/kg 1 1 1 1 1 1 1

3 Iron, mg/kg 110 96 90 110 110 90 90

4 Copper, mg/kg 8 7 7 8 8 8 8

5 Selenium, ppm 0.1-4 |0.14 0.1-4 0.1-4 0.1-4 0.1-4 0.1-4

6 Zinc, mg/kg 60 60 60 60 60 60 60

7 Vitamin A, IU/Kg | 8000 7000 8000 10000 9000 9000 9000

8 VitaminD3, IU/Kg | 2000 | 1500 2000 2000 2000 2000 2000

ESA (2019)

2.3. The role of nutrition on animal productivity

Animal performance is defined based on feed quality. The intake of available nutrients determines
animal productivity. Quality of milk produced by dairy cows is majorly affected by nutrition and
feeding management. Supplying the right amount and variety of feed that meets the energy and
protein requirement of cattle is essential to get a maximum yield and quality of milk. Energy and
protein levels of poultry layer feeds have effects on egg production while egg shell quality is
mainly controlled by the contents of minerals and vitamins in the diets. The dietary energy supply

of birds directly affects fatness of carcasses (Ajantha et al., 2017).

2.4. Ensuring safety and quality of animal Feeds

Ensuring feed safety and quality is has recently become major area of improvement in the
commercial feed sector. Livestock producers and consumers of animal source foods are also
deeply concerned with this issue. The animal feed industry, including the ingredient suppliers, as
part of the food chain, has the mandate to produce safe and healthy products in order for livestock

producers to provide safe and quality foods up to standard (Aung and Chang, 2014).
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Nutritional quality

The need for maintaining the desired level of nutritional and quality standards of feed ingredients
and compound feeds is a challenge for commercial feed producers, the regulatory body and
livestock producers. The quality of some of the produced compound feeds has been found to be
unreliable and livestock owners tend to refrain from using such feeds. As one means of prevention,

feed quality and safety standards have to be revised (Demissie, 2018).
Microbial quality

A wide range of microbes naturally occur on or as contaminants of forages, cereal grains, oilseed
by products and compound feeds. Salmonella, listeria and E. coli are among the bacteria that could
contaminate animal feeds. Cereal grains and oilseed by products are succeptible to fungi occurring
as plant pathogens or developing during storage. Thus animal feeds must be stored in a controlled
environment and should be monitored regularly for the growth of bacteria and fungi. Molds reduce
the digestibility and palatability of feeds causing reduced growth, productivity and immunity of
livestock (Adams et al., 1993).

Mycotoxins

Among feed safety issues, is found the issue of high aflatoxin levels found in oilseed cakes and
compound feeds that has raised serious concerns in ensuring the desired quality and safety of feed
along the food value chain. Mycotoxins are found to cause reduced feed intake or feed
acceptability. However, diseases caused by mycotoxins, known as mycotoxicoses, are the most
important health problems caused by fungi contamination that cause lesion of organs.
Mycotoxicoses can cause significant losses to the animal industry worldwide and must be

prevented (Rodrigues and Naehrer, 2012).

2.5. Feed formulation

Feed formulation is the process of quantifying the number of feed ingredients that need to be
combined to form a single uniform mixture for livestock and animal industry. The formulated
feeds provide various nutrients that are needed for the growth of livestock. A good animal yield is
highly dependent on the quality and safety of feeds supplied. Therefore the formulated feed should
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provide a balanced diet for the animal with high-quality ingredients and adequate amount to
provide healthier growth (Poultry Hub, 2015).

One of the criteria for feed formulation is to make sure that all ingredients included in the recipe
are safe from physical, chemical and biological contaminants. There should be a determination of
contaminants such as mycotoxins especially aflatoxins before mixing of raw materials. And
dilution of contaminated feed ingredients should be prohibited as it still poses a risk on public
health (Grace et al., 2015).

Feed formulation is done based on the class of the animal, feed ingredient types and constraints
and cost and availability of ingredients. Formulation of animal ration is a complicated problem as,
the requirement of animals varies with species, the stages of growth, body weight and
physiological needs such as pregnancies, milk yield at certain level with different fat percentages
(Fox et al., 2004).

Feed cost directly determines the profitability of animal farming since it accounts for most of the
industry’s expenses. In an attempt to economize the ration formulation, several mathematical
models have been used with varying success. Some of the conventional methods available are
Pearson’s square method, trial and error method, two by two matrix method, simultaneous

equation method and linear programming method (Pratiksha, 2012).

1. Pearson square method: is a simple method of balancing rations better used only when
two ingredients and one nutritional requirement are used. It is mostly used for protein
content. It works by making use of a square. The number that represents nutrient
requirement is written at the center of the square. The ingredients to be used are listed and
balanced on the side of the square. This method can’t be applied for complex feed mixes
(Wagner & Stanton, 2012).

2. Trial and error method: is a way of calculating formulations until the nutritional
requirements are fulfilled. It can be done manually on paper or on a computer. However it
is a time and money consuming method and difficult to apply to a larger number of
ingredients (Afolayan, 2008).
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3. Two by two matrix method: is a method of using an equation to balance two ingredients

to fulfill two nutritional requirements. It can’t be applied to more number of ingredients

and requirements (Ghosh et al., 2014).

4. Simultaneous equation method: is an advanced mathematics that utilizes algebraic

equations to fulfill nutritional requirements by combining two or more ingredients. It is not

practical, can be applied for only two nutrients at a time (Saxena, 2010).

5. Linear programming: is a method used effectively for least-cost ration or economic

concentrate mixture formulation for many years. It allows a rapid formulation of rations

that meet nutrient specifications by selecting optimal solutions. It has been evolved to

consider the nutrient variability of the feed stuff in the model for ration formulation (Ghosh
etal., 2014).

There are different linear programming mathematical methods and softwares that are used to

formulate profitable animal feeds by incorporating various ingredients. Some of the options that
are available include least cost formulation, Win Feed 2.8, Feed MU2, Eco-MIX, AFSO, Feed-
Mixer, Feed Formulation and Feed Assist. These soft wares and mathematical models allow for

formulating feeds in a shorter time with less human error of calculation (Patil et al., 2017).

The following are possible formulated diets for dairy cattle and poultry layers and broilers given
by Yami (2015).
Table 7. Dairy feed ration

Ingredient | Maize | Soybean | Bone meal | Barley | Salt | Premix | Wheat bran | Limestone
meal

Percent 60 10 3 12 0.5 0.5 10 4
Table 8. Poultry layer feed ration

Ingredient | Maize | Soybean | Bone | Limestone | Meatand | Salt | Premix | Wheat

meal meal bone meal reject

Percent 63.5 20 2 6 4.5 0.5 0.5 3
Table 9. Poultry broiler feed ration

Ingredient | Maize | Soybean | Animal | Bone | DL- Salt Premix | L—lysine

meal fat meal | methionine
Percent 60 30 4 4.6 0.2 0.5 0.5 0.2
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3. MATERIALS AND METHODS

3.1. Description of the study area

Addis Ababa has the highest number of animal feed enterprises in Ethiopia (26 out of 81). The

study was conducted in Addis Ababa University, center for food science and nutrition laboratory.

3.2. Sample collection and preparation

Animal feed samples were collected from animal feed producers found in Addis Ababa. There

are seven feed manufacturers in and around the study area. A total of 42 samples were taken of

which 25 were feed ingredients (5 maize, 5 wheat bran, 5 wheat middling, 5 niger seed cake and

5 soya bean cake), 17 were compound feeds (5 dairy feeds and 12 poultry feeds). Samples were

collected aseptically to avoid contamination. Samples were ground and crushed and kept in a

controlled temperature and moisture prior to analysis.

Study Area

v

7 feed factories in Addis Ababa (001 - 007)

v

Sample Collection

v

Feeds (17)

Dairy feeds (5)
Layer feeds (6)
Broiler feeds (6)

Sample Preparation

Ingredients (25)

A 4

- Grinding &
homogenization

A

A 4
Analysis
- Proximate
- Mineral, ANF &

Maize (5)
Wheat bran (5)
Wheat middling (5)
Soyabean cake (5)
Niaer seed cake (5)

Feed Formulation

Microbial analysis

Figure 2. Flow chart of study design

A 4
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3.3. Feed formulation by least cost formulation
Feed formulation was done by using least cost formulation application that uses linear
programming. The formulation functions by utilizing Microsoft excel solver add in option. Excel
is preferable since it is popular and widely available. It allows developing a feed from different
ingredients that have various nutrient compositions in order to produce nutritious and affordable
feeds (Radhika and Rao, 2010).

Least cost formulation is a way of balancing rations in a simple procedure that enables formulating
feeds by entering the nutritional requirement of an animal for a specific nutrient. Feed
combinations that can give the required nutritional value with the least possible cost values are
selected. This is done by relating the food content of the ingredients with their cost. The
spreadsheet has an alterable integrated list of common ingredients used in feed formulation with

their respective average nutrient composition (Thomson and Nolan, 2001).

In the formulation process, the inputs for the formulation were entered accordingly. First the
ingredients to be used in the formulation were selected. The ingredients selected based on nutrient
content, availability and cost were wheat bran, wheat middling, soya bean meal, maize, molasses,
rapeseed cake, limestone, salt, premix and dicalcium phosphate. Since the list of the ingredients
was already available in the spreadsheet only the nutritional compositions were altered. Thus the
average values obtained from the ingredient analysis in the study were filled in the feed analysis
section of the worksheet. Then the cost of the ingredients in birr/quintal was filled as given in
table 10.

Table 10. Cost of the ingredients used for formulation

Ingredient Birr/quintal

Wheat bran 800
Wheat middling 800
Soybean meal 2000
Maize 750
Molasses 500
Rapeseed cake 550
Limestone 250
Salt 1000

Premix 12000
Dicalcium phosphate 900
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The feed constraints, the minimum and maximum amount of the ingredients that is allowed in the
feed were entered. After that the nutrient constraints, the minimum and maximum amount of the
required nutrients were filled. Finally the feeds were formulated and a price was calculated. After
formulation, the formulated diets were analyzed. The nutritional constraints are obtained from
ESA standards while the feed constraints were obtained from Yami (2015). Feed constraints are
put in order to mitigate possible side effects such as antinutritional factors that come from some

of the feed ingredients.

Availability Nutrient levels

\ /

_ Formula
Price > [ Ingredients specification 1

_— ™

Nutritional composition Formulation Ingredient limit

A\ 4
Formula results

A
Production

A

Quality Analysis

Figure 3. Flow chart of least cost formulation
(Rossi, 2004)

3.4. Proximate analysis of animal feeds and ingredients
Moisture analysis (AOAC 925.09, 2000), crude protein analysis (AOAC 970.09, 2000), crude fat
analysis (AOAC 4.5.01, 2000), crude fiber analysis (AOAC 962.09, 2000) and ash analysis
(AOAC 923.03, 2000) were done for the animal feeds and ingredients (AOAC, 2000).
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Moisture analysis

First aluminum dishes were dried in an oven and were measured on analytical balance which gave
mass 3 (W3). Then 5g of the sample was weighed on the dish which was recorded as mass 1 (W1).
Then the sample was placed in an oven that was preheated to 105° c. It was left to dry for 3 hours
measuring from the moment when the oven temperature had turned to 105 ° C. Then it was left to
cool for 20 minutes in a desiccator and was weighed which was recorded as mass 2 (W2). It was
dried again until a constant weight.

Moisture content was calculated by:

(W1-w2)
wi-w3
W1= Weight in g. of the dish and sample before drying

Moisture, Percent by weight = 100

W2= Weight in g. of the dish and sample after drying
W3= Weight in g. of the empty dish

Crude protein analysis
The crude protein content of animal feed and ingredient samples were determined by using the
AOAC (2000) official method 955.04 following the Kjeldahl procedure.

Digestion—0.5 g of the sample was weighed and placed in the Kjeldahl flask. 10 g of potassium
sulfate, 1 g of copper sulfate and 25 ml of concentrated sulphuric acid was added and a few
granules of pumice stone and the contents of the flask were mixed. The flask was placed on the
Kjeldahl heater and heated moderately at first, shaking from time to time, until the mass carbonized
and the foam disappeared; and then it was heated more intensively until it boiled steadily. When

the solution became clear and light green it was left to boil for another hour and it was cooled.

Distillation - 25 ml of boric acid and a few drops of methyl red indicator were added in the
collection flask (300 ml Erlenmeyer flask). The flask was placed under the condenser of the
distillation apparatus so that the glass tube of the condenser was in the liquid of the Erlenmeyer
flask. 300 ml of water was added in the Kjeldahl flask while continuously stirring until the sulfates
dissolved completely. 100 ml of 40% sodium hydroxide was added slowly and the Kjeldahl flask
was connected with the distillation apparatus. The Kjeldahl flask was heated gently until about

150 ml of liquid is distilled for about 30 minutes.
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Titration - the ammonia present in the distillate was titrated with 0.1N sulphuric acid until the
color changed from green to purple. The determinations were done in duplicates. A blank
determination was done using all reagents in the same quantities and following the outlined

procedures but without the material to be tested to correct for the readings.
Protein was calculated using the formula:

(ml sample titer - ml blank titer) 14 gN
%N = N HCl X X x 100
mg of sample mole

% Protein =% N x 6.25

Crude fat analysis

Crude fat analysis was conducted by soxhlet method. 5g of the sample was weighed and placed in
an extraction thimble. The thimble was placed in an extractor and was extracted for 6 hours with
150 ml petroleum ether. Heating was regulated such that petroleum ether was siphoned 15 times
every hour. The ether extract was collected in a dry, weighed flask. After 6 hours, the petroleum
ether was distilled off and then the residue was dried in an oven for 90 minutes. It was then cooled
in a desiccator and weighed. It was dried again for 30 minutes and reweighed. Drying and weighing
was repeated until the weight difference between consecutive weighings was less than 1 mg.

w2-w1i
w

Calculation: Crude fat = X 100

Where, W1 = Weight in g of extraction flask
W2 = Weight in g of extraction flask + dried crude fat
W = Weight in g of sample
Crude fiber analysis

2¢g of the sample was weighed on moisture and fat-free material into the beakers and 200 ml of
dilute sulphuric acid was added and then was fitted to the refluxing apparatus. The contents were
heated so that it began to boil within about 1 minute. The flask was rotated frequently and boiled
for exactly 30 minutes. The contents of the flask were filtered through fine linen held in a funnel

fitted to rubber Stoppard vacuum flasks. The residue on the linen was washed back into the beaker
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and 200 ml of dilute sodium hydroxide was added. The boiling and filtration procedure was
repeated for sulphuric acid. The residue was washed thoroughly with boiling water and was
transferred to a pre-weighed crucible. The residue was washed thoroughly and then ethanol three
times while continuously filtering the contents of the crucible with the suction pressure of the
vacuum flasks. Then the crucible and contents were dried at 105°C to constant weight. Then it was
cooled in a desiccator and weighed (W1). The contents of the crucible were ignited in a muffle

and were cooled in a desiccator and weighed (W2).

wi-w2

Calculation: Crude fiber % = x 100

Where, W1 = Crucible + Residue
W?2 = Crucible + ash residue
W = Sample weight

Total ash determination

First porcelain dishes were cleaned and dried in a furnace for 30 minutes at 550%. Then the
crucibles were cooled for 30 minutes in a desiccator and then weighed (W1). Then 2.5g of samples
were weighed (W2). After that the samples were charred on a hot plate under a fume hood until
the smoke ceased. Next the samples were ashed in a furnace for 5hrs at 550% until turned white
and clear. Then the ashed samples were cooled for 30 minutes in a desiccator and weighed (W3).

w3-wi1
w2-wi

The total ash was calculated as : Ash % = ( ) x 100

Where, W2-W1 is samples mass in gram on dry base and

W3-W1 is mass of ash in gram.

3.5. Mineral analysis of animal feeds
Mineral analysis was done by using AOAC 942.05, 2002.The ash was dissolved by 5ml HCI at
low temperature on a hot plate for about 2 hours. Then 7ml of 3M HCI was added and heated on a
hot plate until the solution boiled. The digest was cooled and filtered through a filter paper into 50
ml volumetric flask. Then 5ml 3M HCI was added to the dishes and heated to dissolve the residue
in the dishes and then transferred to volumetric flask. Then the filter paper was washed thoroughly

and the washing was collected in the flask and made to the mark. Then the mineral concentration
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was determined by atomic absorption spectrophotometer. A blank solution was prepared. Blank

solution and calibration solutions were run first.

(a-b)
10 Xw

Then the mineral was calculated as:  Mineral content (mg/100g) = X v

Where, a = concentration of sample solution in ppm
b = concentration of blank solution in ppm
v = volume in ml of extract
w = sample weight
3.6. Antinutritional factor analysis of poultry feeds
Phytate analysis

The phytate content of the samples was determined according to the method described in Oyaizu
(1986). 100mg of sample was extracted with 10 ml of 2.4% HCI in a mechanical shaker for one
hour at room temperature. The extract was centrifuged at 3000 rpm for 30 min. The clear
supernatant was used for phytate estimation. 1ml of Wade reagent (containing 0.03% solution of
FeCI3-6H20 and 0.3% of sulfosalicylic acid in water) was added to 3 ml of the sample solution
(supernatant) and the mixture was vortexed for 5 s. Absorption readings at 500 nm were taken
against a blank solution (3 ml extract solution mixed with 2 ml of 2.4% HCI). Sodium salt of phytic

acid (4.5-36 mg/ml) was used as standard for construction of calibration curve.
Tannin analysis

Tannin was determined using method by Maxson and Rooney (1972). 1g of each sample was
weighed and mixed with 10 ml of 1% HCI in methanol in a screw cap test tube. Then, the tube was
shaken for 24 h at room temperature on a mechanical shaker. The solution was centrifuged at 1000
rpm for 5 min. 1ml of supernatant was transferred to another test tube and mixed with 5 ml of
vanillin-HCI reagent (prepared by mixing equal volume of 8% concentrated HCI in methanol and
4% vanillin in methanol). A mixture of 1 ml of extract solution with 5 ml of 1% HCI without

vanillin-HCI reagent was used as a blank. After 20 min, the absorbance of the solutions and the
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standard were measured at 500 nm. Catechin (0.5-12 mg/100 ml) was used as standard for

construction of calibration curve.

3.7. Microbiological analysis of animal feeds and ingredients

Total mold count

Yeast and mold count was performed using the AOAC 2014.05 method. Accordingly, samples
were serially diluted by blending 25 grams of each sample with 225 ml peptone water in a clean
500 m sterile flask, shaken to make 107 dilution, and then serially diluted as needed (102, 103,10-
4,10%). Then, 0.1 ml aliquots from appropriate dilutions were spread-plated in duplicate on pre-
dried surfaces of Potato Dextrose Agar (PDA) containing chloramphenicol (0.05 g/L). The plates

were then incubated at 25°C for 5 days and the count was done using colony counter.

3.8. Experimental design and data analysis

The experimental design used in this study was Completely Randomized Design (CRD) and data
were analyzed by analysis of variance (ANOVA) using statistical software SPSS version 20 and
significance differences were tested at (p < 0.05). All laboratory analysis was performed in

duplicates, and averages were presented.
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4. RESULTS AND DISCUSSION

4.1.  Nutritional composition of animal feed ingredients

A total of 25 animal feed ingredients namely maize(5), wheat bran(5), wheat middling(5), soya
bean cake(5) and niger seed cake(5) were analyzed to get values of moisture, crude protein, crude
fat, crude fiber and total ash.

4.1.1. Nutritional composition of maize
The moisture content of maize ranged from 13.85% to 14.84% with an average value of 14.32%.
The crude protein of maize ranged from 5.17% to 7.96% with an average value of 6.48%. The
crude fat of maize ranged from 2.87% to 3.41% with an average value of 3.13%. The crude fiber
of maize ranged from 1.48% to 3.04% with an average value of 2.3%.The total ash of maize ranged
from 0.68% to 2.04% with an average value of 1.29% (Table 11).

Table 11. Nutritional composition of maize expressed as mean + SD

Sample Moisture | Crude Protein | Crude Fat | Crude Fiber | Total Ash ME
(9/1009) (9/1009) (9/1009) (9/1009) (9/100g) | (kcal/kg)
Maize 001 14.76°+0.85 | 6.56°+0.81 |3.20°%+0.17 | 2.14°+0.04 | 1.10°+0.59 | 3547.00
Maize 002 14.42°+0.85 | 6.47%+1.32 | 3.16°+0.23 | 2.61°+0.61 | 1.20%+0.13 | 3525.00
Maize 003 14.50°40.48 | 6.98%+1.39 | 3.17%+0.06 | 2.00°+0.74 | 1.46°+0.64 | 3537.00
Maize 005 13.91°+0.85 | 6.30%+1.29 | 3.16°+0.35 | 2.44°+1.19 | 1.52?+0.74 | 3513.00
Maize 006 14.32240.38 | 6.11%+1.33 | 3.10%+0.32 | 2.32°+0.14 | 1.17°+0.16 | 3533.00
Mean 14.32 6.48 3.16 2.30 1.29 3531.00
Requirement 12 8 - 2 2 -

abc Means with different letters in a column are significantly different (P<0.05). — not available

According to the level set by ESA, for the moisture content of maize, all of the samples were above
the limit 12%. The crude protein values of all the samples were below the limit 8%. The crude
fiber limit is 2% and all the samples had crude fiber content above the limit. All the samples lied

below the limit for ash which is 2%.

The results are different from a study conducted in India with moisture, crude protein, crude fat
and total ash values of 7.27, 10.28, 5.39 and 2.3% respectively (Das et al., 2014). But the results
are similar to a study by Enysisi et al (2014) with 11.6 - 20 .0% (moisture), 4.50 — 9.87% (crude
protein), 2.17- 4.43 (crude fat), 2.10 - 26.70% (crude fiber) and 1.10 — 2.95% (Ash) .The high
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moisture of the samples can be attributed to the storage of the samples while the crude protein

values were not far from the standard.

4.1.2. Nutritional composition of wheat bran
The nutritional content of wheat bran is given in Table 12. The moisture content of wheat bran
ranged from 9.9% to 12.81% with an average value of 11.75%. The crude protein of wheat bran
ranged from 9.85% to 13.57% with an average value of 11.83%. The crude fat of wheat bran
ranged from 2.76% to 3.60% with an average value of 3.24%. The crude fiber of wheat bran ranged
from 6.06% to 8.96% with an average value of 7.89%. The ash of wheat bran ranged from 2.18%

to 4.46% with an average value of 3.27%.

Table 12. Nutritional composition of wheat bran expressed as mean + SD

Sample Moisture | Crude Protein | Crude Fat | Crude Fiber | Total Ash ME
(9/1009) (9/1009) (9/1009) (9/1009) (9/100g) | (kcal/kg)
Wheat bran001 | 11.92°+0.57 | 12.12°+0.18 | 3.45°+0.00 | 7.36°+1.80 | 3.56°+1.12 | 3238.00
Wheat bran002 | 11.54°+0.57 | 10.03%+0.25 | 3.25%+0.49 | 7.59%+0.74 | 3.09°+0.81 | 3181.00
Wheatbran 003 | 12.769%+0.71 | 10.78%+0.93 | 2.99%+0.17 | 8.49°+0.68 | 2.57°+0.55 | 3204.00
Wheatbran 005 | 12.40°+0.57 | 12.94°+0.58 | 3.34%+0.08 | 7.88°+1.07 | 3.14%+0.13 | 3308.00
Wheat bran006 | 10.11*+0.30 | 13.26°+0.44 | 3.16°+0.57 | 8.11°+1.16 | 4.00°+0.65 | 3212.00
Mean 11.75 11.83 3.24 7.89 3.27 3229.00
Requirement 11.00 15.50 - 11.00 7.5 -

abc Means with different letters in a column are significantly different (P<0.05).- not available

The moisture content of the wheat brans was found to be higher than the ESA limit 11% in four of
the wheat brans while one was below the limit. All of the samples had crude protein value below
the limit 15.5%. All of the wheat brans were found to be below the crude fiber limit of 11%. All
samples were lower than the ash limit of 7.5%. The high moisture reported in the study might be

attributed to improper storage conditions.

The results found in this study were different from the study conducted in the highlands and central
valley of Ethiopia (Zewdu, 2010) with moisture 13.47%, crude protein 16.87% and total ash
4.42%. The results were similar to a study conducted in India except for the crude protein value
which was 15.68% (Das et al., 2014). It is also similar to the study by (Onipe et al., 2015) with
results of moisture 8.1- 12.7%, crude protein 9.6- 18.6% and total ash 3.9- 8.1%.
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4.1.3. Nutritional composition of wheat middling
The moisture content of wheat middling ranged from 9.94% to 11.89% with an average value of
10.79%. The crude protein of wheat middling ranged from 11.04% to 14.19% with an average
value of 13.05%. The crude fat of wheat middling ranged from 1.90% to 3.17% with an average
value of 2.63%. The crude fiber of wheat middling ranged from 2.82% to 8.25% with an average

value of 5.96%. The ash of wheat middling ranged from 1.15% to 3.63% with an average value of

2.13% as given in Table 13.

Table 13. Nutritional composition of wheat middling expressed as mean + SD

Sample Moisture | Crude Protein | Crude Fat | Crude Fiber | Total Ash ME
(9/1009) (9/1009) (9/1009) (9/1009) (9/1009) (kcal/kqg)
Wheat 10.13%+0.24 | 13.61%+0.74 | 3.06°+0.06 | 6.33°+0.79 | 2.87%+1.07
middling001 3383.00
Wheat 11.78°+0.16 | 13.12%+0.17 | 3.17°+0.07 | 7.61°+0.91 | 2.30°+0.31
middling002 3417.00
Wheat 11.24°+0.07 | 12.44°+0.48 | 1.98%+0.11 | 3.11°%+0.41 | 1.50%+0.49
middling003 3496.00
Wheat 10.20%+0.37 | 12.18%+1.61 | 2.25%+0.21 | 5.75°+0.79 | 1.94%+0.11
middling005 3317.00
Wheat 10.622+0.57 | 13.90%+0.41 | 2.74°+0.35 | 7.02°+1.30 | 2.22%+0.74
middling006 3336.00
Mean 10.79 13.05 2.63 5.96 2.13 3390.00
Requirement 11.00 16.50 - 9.50 5 -

abc Means with different letters in a column are significantly different (P<0.05). — not available

All the

samples had a crude protein value less than the limit 16.5%. The crude fiber content of all of the

Only two of the wheat middling samples had a moisture value above the limit 11% .

wheat middlings was below the limit of 9.5%. All samples were less than the limit for ash 5%.

The results of wheat middling are similar to a study by (Slominski et al., 2004) with crude protein
14% but different in moisture content and crude fat which were 7.9 and 10.2 % respectively. The
reason for a low crude protein found in this study could be due to the fact that the wheat middling

samples contained high amount of bran.

4.1.4. Nutritional composition of soya bean cake
Table 14 shows the nutrient content of soya bean cake. The moisture content of soya bean cake

ranged from 4.03% to 7.99% with an average value of 5.75%. The crude protein of soya bean
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cake ranged from 44.28% to 48.59% with an average value of 46.70%. The crude fat of soya bean
cake ranged from 3.34% to 6.15% with an average value of 5.49%. The crude fiber of soya bean
cake ranged from 6.56% to 9.13% with an average value of 7.92%. The ash of soya bean cake

ranged from 5.06% to 7.56% with an average value of 6.29%.

Table 14. Nutritional composition of soya bean cake expressed as mean + SD

Sample Moisture Crude Protein | Crude Fat gggf Crude Ash (kcl\a/II/Ekg)
(9/1009) (9/1009) (9/100g) (4/1000) (9/1009)
igi’g%eg‘ln 79494071 | 44.45°4024 | 6.00°+0.10 | 8.40%+1.03 | 6.00+0.11 | 3296.00
ch@%e(?z” 6.64°40.16 | 45.15%+0.96 | 3.50%0.16 | 8.33%+0.87 | 6.00%+0.49 | 3174.00
ch@%e(?g 5250+0.28 | 47.60b+0.98 | 6.00°+0.17 | 7.48%+0.66 | 6.40°+0.38 | 2964.00
ch@%e(?g 4.10°40.99 | 48.02b+0.51 | 5.96Y+0.49 | 7.22%+0.93 | 7.06%+0.71 | 3298.00
SC‘;@%%&?” 4.80Y+0.35 | 48.30P+0.41 | 6.00P+0.21 | 8.15%+0.25 | 6.00%+1.33 | 3305.00
Mean 5.75 46.70 5.49 7.92 6.29 3207.00
Requirement 10.00 44.00 6.00 9.00 - -

ab¢ means with different letters in a column are significantly different (P<0.05)

According to the limit set by ESA, all the soya bean cakes had moisture content below the limit,
10%. All of the samples had a crude protein value above the limit 44%. Three of the samples had
a crude fat content above the limit 6% while two lied below the limit. Four of the samples had

crude fiber content below the limit 9%.

The results found in the study are similar in crude protein, crude fiber and crude ash but different
in crude fat results of Banaszkiewicz (2011) which were 44, 4.3-7.2, 5.6-7.2 and 0.55-3.0%
respectively. But the results of the study differ from results reported in Nigeria (Oladimeji and
Kolapo, 2008) with crude protein 41%, crude fat 5.7%, crude fiber 7.1% and ash 5.1%. The
variation of crude protein among the soya been cake samples could have resulted from different

processing of the cakes.

4.1.5. Nutritional composition of niger seed cake
The moisture content of noug cake ranged from 5.32% to 9.6% with mean value 7.54%. The crude
protein ranged from 35% to 38.97% with mean value 37.36%. The crude fat ranged from 7.61%
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to 9.74% with a mean value of 8.60%. The crude fiber of the cake ranged from 13.1% to 18% with
a mean value of 15.62%. The ash ranged from 5.73% to 8.84% with a mean value of 6.99% (Table

15).
Table 15. Nutritional composition of niger seed cake expressed as mean + SD
Sample Moisture Crude Protein | Crude Fat | Crude Fiber | Total Ash ME
P (9/1009) (9/1009) (9/1009) (9/1009) (9/100g) | (kcal/kg)
'\(':fg Sgid 7.16P+0.40 | 38.14°+0.37 | 7.65%+0.06 | 13.617+0.72 | 7.63%+0.85 | 3139.00
'\(‘:fg ngd 8.84°+1.09 | 37.76°+0.89 | 8.20b+0.21 | 15.65%+0.44 | 6.30%+0.49 | 3142.00
'\(':ffg 38%‘1 8.66°40.08 | 37.66"+0.62 | 9.65+0.13 | 17.00P+0.71 | 8.05%+1.12 | 3106.00
'\(':ffer Sggd 7.72/+0.08 | 38.01°+1.36 | 8.42°+0.02 | 15.80°+0.51 | 6.512+0.74 | 3140.00
Nc'glfggggd 5.349+0.03 | 352224031 | 9.07°+0.24 | 16.04"+1.53 | 6.48%+1.06 | 3165.00
Mean 754 37.36 8.60 15.62 6.99 3138.00
Requirement 10 32 7 20 - -

ab¢ means with different letters in a column are significantly different (P<0.05)

According to the limit set by ESA, all samples had moisture content below the limit 10%. While
all contained crude protein above the limit32%. All the samples had a crude fat content higher than

the limit 7%. All samples of niger seed cake had crude fiber content lower than the limit 20%.

The results of niger seed cake were similar to a study by Zewdu (2010) with moisture 6.59%, crude
protein 34.5% and total ash 10.94%. The results of this study were also similar to a study by
(Kassahun et al., 2012) except for crude protein ( 30.3), crude fiber (27.3) and ash (11.3). The high
protein and fat content of the niger seed samples makes them suitable for production of feeds that

meet standards.

4.1.6. Comparison of nutritional composition of animal feed ingredients
There is a significant difference among animal feed ingredients in moisture with soya bean cake
having the lowest value and maize the highest value. There is also a significant difference in total
ash value with maize the lowest value and niger seed cake the highest value. There is a significant
difference in crude fat with niger seed cake having the highest value. There is a significant
difference in crude protein with maize having the lowest value and soya bean cake the highest
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value. There is a significant difference in crude fiber with maize having the lowest value and niger

seed cake having the highest value.
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Figure 4. Mean values of nutritional composition of animal feed ingredients

4.2.  Nutritional composition of animal feeds

A total of 17 feed samples were analyzed namely dairy feed (5), poultry layer feed (6) and poultry
broiler feed (6). The samples were analyzed for values of moisture content, crude protein, crude

fat, crude fiber and ash.

4.2.1. Nutritional composition of dairy feeds
The moisture content of dairy feed as shown in Table 16, ranged between 9.47% and 12.76% with
a mean value of 10.79%. The crude protein of dairy feed ranged between 15.15% and 20.75% with
a mean value of 18.3%.The crude fat of dairy feed ranged between 1.88% and 6.11% with a mean
value of 4.14%. The crude fiber of dairy feed ranged between 5.62% and 23.69% with a mean
value of 12.68%.The ash of dairy feed ranged between 6.58% and 16.11% with a mean value of
10.38%.

According to the standard set by ESA, only one of the samples had moisture content above the
limit 12%. While all of the samples had crude protein value that lied in the set range of 15% to
25%, all the samples had a crude fat value below the limit 10%. Only one of the samples was above
the crude fiber limit 12%.
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The results found in this study were similar to a study conducted in and around Addis Ababa by
Feyissa et al., (2015) with moisture 11.1%, crude protein 19.08% and total ash 9.25%. The crude
fat found in the study was very much lower than the standard. This might have occurred due to
utilization of oil seed cakes with a lower fat value. This can be corrected by using ingredients such

as roasted full fat soya bean.

Table 16. Nutritional composition of dairy feeds expressed as mean + SD

Sample Moisture Crude Protein | Crude Fat | Crude Fiber | Total Ash ME
P (9/100g) (9/100g) (9/100g) (9/100g) (9/100g) | (kcal/kg)
Da'%f eed | 15384054 | 17.1540.20 | 3.75P40.01 | 7.03%+1.98 | 8.00°%£0.82 | 3162.00
Da'g(’)g eed | 119004013 | 15.7540.85 | 4.50°40.34 | 23.58°+0.16 | 14.00°40.28 | 2410.00
Da'a’)g eed | 99224008 | 19.66°40.76 | 2.26°+0.08 | 10.64°+1.12 | 7.2540.94 | 2987.00
Da'a’)zee" 11.02b+0.68 | 18.65°+0.20 | 4.31°+0.08 | 10.79°+1.00 | 15.01P+1.56 | 2813.00
Da'a’)g eed | 95124006 | 20.27+0.68 | 5.00%+0.21 | 11.38°+0.89 | 7.63%+0.65 | 3130.00

Mean 10.79 18.30 414 12.68 10.38 2900

Requirement 12 15-25 10 12 - -

abmeans with different letters in a column are significantly different (P<0.05)

4.2.2. Nutritional composition of poultry layer feeds
The nutritional content of poultry layer feeds is given in Table 17. The moisture content of layer
feed ranged between 7.93% and 10.15% with a mean value of 9.33%. The crude protein of layer
feed ranged between 14.88% and 21.59% with a mean value of 19.05%. The crude fat of layer
feed ranged between 3.50% and 7.22% with a mean value of 4.58%. The crude fiber of layer feed
ranged between 9.66% and 17.98% with a mean value of 12.98%. The ash of layer feed ranged
between 10.45% and 22.68% with a mean value of 15.67%.

According to ESA, the moisture content of all the layer feeds was below the limit 12%. And only
one of the samples was below the limit for crude protein, 16.5%. All the samples were above the
limit for crude fiber, 7%. Two of the samples had total ash below the limit 14% while four were

above the limit.
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The results of this study were similar to a study in Japan (Sittiya and Yamauchi, 2014) with crude
protein 18.11%, crude fat 5.68% and total ash 11.95%. The low result of crude protein for one of

the samples might have come from the use of high proportion of the low protein ingredients.

Table 17. Nutritional composition of layer feeds expressed as mean £ SD

Samole Moisture Crude Protein | Crude Fat | Crude Fiber | Total Ash ME

P (9/1009) (9/1009) (9/1009) (9/1009) (9/1009) (kcal/kg)
La‘é%rl_FfEd 9.42°+0.01 | 19.78°40.96 | 5.25%+0.20 | 10.20°+0.42 | 17.20°+1.15 | 2803.00
La‘é%rl_er‘Bd 8.48+0.21 | 20.65+0.76 | 450°+0.37 | 10.92°+0.45 | 12.00%2.19 | 2923.00
"ayg(r)zF eed | 99664006 | 20.12°40.10 | 4.25°+0.04 | 17.88°40.15 | 15.60°£0.75 | 2541.00
Layggzeed 10.045+0.16 | 17.33°+0.17 | 3.75°+0.06 | 15.29°40.58 | 15.14°+1.00 | 2622.00
'-ay%rogeed 0.72°+057 | 15.40°+0.74 | 3.50°+0.00 | 9.76%40.14 | 22.00°40.96 | 2564.00
Layggg eed | 93314058 | 21.00°40.83 | 6.22°40.98 | 13.82°+1.19 | 12.05%1.10 | 2906.00
Mean 9.33 19.05 458 12.98 15.67 2726.00
Requirement 12.00 16.50 - 7.00 14.00 2300.00

ab¢ means with different letters in a column are significantly different (P<0.05). — not available

4.2.3. Nutritional composition of poultry broiler Feeds
The moisture content of broiler feeds ranged between 8.8% and 11.53% with a mean value of
9.92%. The crude protein of broiler feeds ranged between 16.77% and 25.08% with a mean value
of 21.23%. The crude fat of broiler feeds ranged between 3.88% and 8.04% with a mean value of
4.98%. The crude fiber of broiler feeds ranged between 7.11% and 26.51% with a mean value of
11.81%. The ash of broiler feeds ranged between 15.34% and 21.57% with a mean value of 18.60%
(Table 18).

The entire broiler feed samples had moisture content less than the limit set by ESA, 12%. Only
one of the samples had a crude protein value less than the limit, 20%. All the samples were above

the crude fiber limit 6%. All the samples’ total ash was above the limit 9%.

The results of the poultry broiler feeds found in this study were similar to a study by (Diarra et al.,
2015) with 20.2% crude protein and 5.3% crude fat but different in crude fiber (4%) and ash
(5.7%). The crude protein result was also similar to a study by (Sanusi et al., 2015) 20.28% but
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the results of crude fat (9.56%) and crude fiber (7.7%) were different. The low protein content of

one of the feeds might have resulted from using too much of the low protein raw materials of wheat

brans and middlings.

Table 18. Nutritional composition of broiler feeds expressed as mean + SD

Sample Moisture | Crude Protein | Crude Fat | Crude Fiber | Total Ash ME

P (9/1009) (9/1009) (9/1009) (9/1009) (9/1009) (kcal/kg)
profer Fe0 | 055%071 | 20.76%4025 | 4.16%0.23 | 845100 | 19.92°4194 | 2715.00
profer Feed | 97304031 | 22.23°4049 | 450%:0.30 | 10.26%:0.98 | 20.80°4082 | 2638.00
Brofler Feed | 11.00%4062 | 18204202 | 4.00%40.17 | 7.93%117 | 15304027 | 2887.00
Bro(')'gg_ze‘*d 9.02%+0.30 | 25.03°+0.07 | 8.00°+0.06 | 8.76%+0.80 | 16.00°0.93 | 3033.00
FEEQO(;'(;*;_Z 9.40°%+0.71 | 21.00°1.07 | 4.24%+0.30 | 9.08%+1.16 | 18.77°+0.66 | 2737.00
Bro(')'gé_ge‘*d 10.65°40.06 | 20.14%+2.31 | 5.00°+0.27 | 26.37°+0.19 | 20.80°+1.09 | 2099.00
Mean 9.92 21.23 4.98 11.81 1860 | 2685.00
Requirement | 12.00 20.00 : 6.00 9.00 2900.00

abemeans with different letters in a column are significantly different (P<0.05). — not available

4.2.4. Comparison of nutritional composition of animal feeds

There is a significant difference in moisture among animal feeds with dairy feed having the highest

moisture. There is a significant difference among animal feeds’ total ash value with broiler feed

having the highest value. There is no significant difference in crude fat value of the feeds. There

is a significant difference in the crude protein value of feeds with broiler feed having the highest

value. There is no significant difference among the crude fiber of the animal feeds.
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%

Figure 5. Mean values of nutritional composition of animal feeds
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4.3.  Mineral content of animal feeds

Mineral content of dairy feeds

The calcium and phosphorus content of dairy feeds is given in Table 19. Two of the dairy feeds
have calcium content above the limit while three of the feeds have calcium content below the limit.
All of the dairy feeds have phosphorus content below the limit set by ESA. Calcium limit for dairy
feeds is 0.8% and the limit for phosphorus is 0.5%.

Table 19. Mineral content of dairy feeds expressed as Mean + SD

Sample Calcium (g/100g) | Phosphorus(g/100g)
Dairy Feed 001 0.73* £ 0.06 0.06+0.00
Dairy Feed 002 3.47°+ 0.66 0.08°+0.00
Dairy Feed 003 0.62°+ 0.03 0.06°+0.00
Dairy Feed 004 0.66* + 0.03 0.04°£0.00
Dairy Feed 006 5.23° +0.16 0.09°+0.01
Mean 2.14 0.06
Requirement 0.8 0.5

abemeans with different letters in a column are significantly different (P<0.05)

The results found in this study were different from a study by Bhanderi et al., 2016 with mineral
content of dairy feed of calcium 0.99 £ 0.1 and phosphorus 1.41+ 0.06. The low content of calcium
and phosphorus in the feeds shows that there is an imbalance of minerals in the dairy rations due
to low mineral containing ingredients. Thus the feeds need to be improved with addition of

ingredients such as limestone and dicalcium phosphate.

Mineral content of layer feeds

Calcium and phosphorus content of poultry layer feeds is given in Table 20. Only two of the layer
feeds have calcium value in the specification range while four have calcium content less than the
specification. All the layer feeds have phosphorus content below the limit set by ESA which is

0.4% respectively.

Phosphorus is necessary for bone and teeth formation and milk and egg production. Calcium is
one of the essential minerals in poultry layer nutrition. Other than being the main structure of bone

structure, it is the main component of egg shell. Most of the poultry layer feeds in the study are
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Table 20. Mineral content of layer feeds expressed as Mean = SD

Sample Calcium (g/100g) | Phosphorus(g/100g)
Layer FO01-1 3.537+0.35 0.08+0.00
Layer FO01-2 0.57%+0.28 0.08°+0.00
Layer FO02 3.44°+ 0.06 0.08°+0.01
Layer FO04 0.63°+0.03 0.07°+0.01
Layer FO05 1.09°+ 0.06 0.07°+0.00
Layer FOO6 2.859+0.35 0.04%+0.00
Mean 2.02 0.07
Requirement 3-4 0.4

lacking in calcium which could have resulted from the size of the limestone in the feeds which
affects its solubility (Pelicia et al., 2009).

ab¢ means with different letters a column are significantly different (P<0.05)
Mineral content of broiler feeds

Four of the broiler feeds have calcium content more than the ESA limit which is 1-1.14% while
two of them have calcium content less than the limit. All the broiler feeds have phosphorus content
less than the limit for phosphorus which is 0.45% (Table 21).

Only two of the poultry broiler feeds have a calcium value below the standard limit. This might
have resulted from low calcium supplementation in the feed. The calcium supplementation can be

maintained by providing calcium separately if not in the feed.

Table 21. Mineral content of broiler feeds expressed as Mean + SD

Sample Calcium (g/100g) | Phosphorus(g/100g)
Broiler F002-1 3.80°¢ 0.03 0.07%£0.02
Broiler F005-1 4.60% 0.28 0.05°+0.00
Broiler FO04 0.89°+ 0.06 0.07%£0.00
Broiler F005-2 1.32°+0.03 0.05%+0.00
Broiler F002-2 0.34%+ 0.06 0.06%+£0.00
Broiler F005-3 1.20°+0.35 0.05%+0.00
Mean 2.03 0.06
Requirement 1-1.4 0.45

abc means with different letters in a column are significantly different (P<0.05)
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4.4.  Antinutritional factors of poultry feeds

Antinutritional factors of layer feeds

The results for antinutritional factors of poultry layer feeds show high amount of phytate and tannin
concentrations (Table 22). These antinutritional factors reduce feed intake, palatability,

digestibility and nutrient utilization.

Table 22. Antinutritional factors of poultry layer feeds expressed as Mean + SD

Sample Phytate(mg/100g) Tannin(mg/100g)
Layer FO01-1 329.31°+12.52 60.45°+2.95
Layer FO01-2 427.53'+1.10 255.42°+13.38
Layer FO02 160.56"+10.05 242.83°+1.48
Layer FOO4 267.73%+5.08 29.182+0.00
Layer FOO05 81.89°+4.54 101.66"+2.93
Layer FO06 181.16°+7.98 75.22°+0.00
Mean 241.36 127.46

ab¢ means with different letters in a column are significantly different (P<0.05)

Antinutritional factors of broiler feeds

The broiler feeds had high content of phytate and tannin as shown in Table 23. The negative impact
of these antinutritional factors should be reduced by feed processing such as drying, soaking,

grinding and pelleting and also by addition of enzymes such as phytase.

Table 23. Antinutritional factors of poultry broiler feeds expressed as mean + SD

Sample Phytate(mg/100g) | Tannin(mg/100g)
Broiler F002-1 323.029+5.61 8.39%+0.00
Broiler F005-1 222.22°+0.00 4.18%+0.00
Broiler FO04 199.47+10.45 138.90°+8.80
Broiler FO05-2 282.26°+3.80 43.40°+2.92
Broiler F002-2 179.53%+8.84 330.269+8.81
Broiler FO05-3 219.79°+13.17 8.30%+0.00
Mean 237.71 88.90

abc means with different letters in a column are significantly different (P<0.05)

39



4.5.  Microbiological analysis of animal feeds and ingredients

The 42 samples of animal feeds and ingredients were analyzed for total mold count.
Fungal load in animal feed ingredients

The average fungal (Mold and Yeast) load recorded from all animal feed ingredients in the present
study was found higher than the standard limit set for animal feed ingredients by ESA (2.0x10 *
CFU/g) (Table 24). In this study, a mean mold and yeast count that ranged between 2.60 x 108
CFU/qg to 1.82 x 10" CFU/g were recorded from animal feed ingredients. The highest mold and
yeast count (1.82 x10” CFU/g) was noticed from niger seed cake samples whereas the lowest mold
and yeast count (2.60 x 10° CFU/g) was recorded from maize samples.

A count similar to this study was reported on yeast and mold count for corn samples with a range
of 1 x 10° to 1 x 10° CFU/g. But a higher count of 108 CFU/g was reported for cereal feed
ingredients in Poland (Kukier et al., 2013). However, a lower yeast and mold count than the current
study was reported from Brazil (Valmorbida et al., 2018) maize sample of 2 x 10* CFU/g .The
high mold count found in this study could be attributed to the poor storage management applied in

the present study.

Table 24. Total mold count of animal feed ingredients in CFU/g

Sample Maize Wheat bran Wheat Soya bean Niger seed
middling cake cake

001 7 x 106 1.25 x 107 4 x 106 4 x 105 2 x 10°
002 0 3.4 x 10’ 2 x 10° 2 x 10° 7 x 10°
003 0 8 x 10° 1 x10° - 2.2 x 107
005 1x10° 6 x 10° 8 x 10° 1 x 106 0
006 5 x 10° 1 x 106 3 x10° 8 x 10° 6 x 10’
007 - - - 1 x 106 -
Mean | 2.6 x 10° 1.27 x 107 3.6 x 10° 3.2 x 108 1.82 x 107

Fungal load in animal feeds

All animal feeds had total mold count higher than the ESA limit, 2 x 10 4 CFU/g . The highest
count was recorded for poultry layer feed (9.67 x 10° CFU/g) and the lowest count was recorded
for poultry broiler feed (4.17 x 10° CFU/g) (Table 25).
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Table 25. Total mold count of animal feeds in CFU/g

Sample Dairy feed Layer feed Broiler feed
001-1 4 x10° 2 x 107 -
001-2 - 2 x 10° -
002-1 6 x 10° 2 %10’ 0
002-2 - - 8x 10°

003 1.5 x 107 - -
004 1 x10° 1.2 x 107 3 x 106
005-1 - 2 x 10° 1 x 106
005-2 - - 8 x 10°
005-3 - - 5 x 10°
006 5 x 10° 2 x 10° -
Mean 6.2 x 105 9.67 x 106 4,17 x 10°

The results for dairy cattle feed are much higher than the results reported in Egypt (Mona et al.,
2016) which was a mean value of 5.58 x 10* CFU/g. The results for poultry feeds are much higher
than the fungal load reported in poultry feeds from Nigeria (Kehinde et al, 2014) which contained
4 x 10% to 4.2 x 10 “CFU/g. The higher counts might have resulted from improper storage

conditions and handling of the feeds.

4.6.  Nutritional analysis of feeds newly formulated by least cost formulation

Feeds for dairy cattle, poultry layers and poultry broilers have been formulated by using least cost
formulation application. In the formulation, niger seed cake has been replaced with rape seed cake
since it has been found in many studies unsafe due to contamination with aflatoxin. The production
of rapeseed in Ethiopia is around 26,000 metric tons per annum. Rape seed cake is one of the oil
seed cakes utilized for animal feed production. Similar to soya bean cake it is a good source of
protein, carbohydrate and essential minerals which can serve various purposes. High water and oil
absorption capacities, emulsion capacities and stabilities make it useful in the feed formulation
(Rutkowska et al., 2015).

Rapeseed cake has an average content of moisture 7.49 %, crude protein 31.96 %, crude fat 9.82
%, crude fiber 10.84 % and ash 8.56 %. Nega (2018) has pointed out that rapeseed meal can replace
soya bean meal for the preparation of dairy and poultry feeds. A study by Rutkowska et al., 2015
has showed that rapeseed meal can be used for dairy diet as an optional protein source. A study on
broilers performance by feeding rapeseed meal in place of niger seed cake has been done by
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Tadelle et al., 2003 which revealed that rapeseed meal can be used up to 28% in broiler diets. Also

the price of rapeseed cake is cheaper than the widely used soya bean cake and niger seed cakes.

The results for the formulation of the feeds are presented as follows. The feeds are prepared by

using similar ingredients but different compositions.

1. Dairy cattle feed

Dairy cattle feed has been formulated by making use of the ingredients maize, wheat bran, wheat
middling, soya bean cake, rape seed cake, molasses, limestone, salt, vitamin/mineral premix and
dicalcium phosphate in the amount composition given in table 26. The feed costs one thousand

thirty five birr per quintal.

Table 26. Composition of ingredients of newly formulated dairy feed

Ingredients Amount (%)
Maize 40.00
Soya bean cake 21.00
Wheat bran 10.00
Wheat middling 10.00
Rapeseed cake 10.00
Molasses 03.00
Limestone 04.00
Salt 01.00
Vitamin/mineral premix 0.50
Dicalcium phosphate 0.50
Total 100

2. Poultry layer feed

The feed for poultry layers has been formulated by using the ingredients maize, wheat bran, wheat
middling, soya bean cake, rape seed cake, molasses, limestone, salt and vitamin/mineral premix in

the amount composition given in table 27. The feed costs one thousand ninety birr per quintal.
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Table 27. Composition of ingredients of newly formulated layer feed

Ingredients Amount (%)
Maize 40.00
Soya bean cake 20.00
Wheat bran 08.00
Wheat middling 08.00
Rapeseed cake 05.00
Molasses 03.00
Meat and bone meal 10.00
Limestone 5.00
Salt 0.50
Vitamin/mineral premix 0.50
Total 100

3. Poultry broiler feed

The feed for poultry broiler feed has been formulated by using maize, wheat bran, wheat middling,

soya bean cake, rape seed cake, molasses, limestone, salt, vitamin/mineral premix and dicalcium

phosphate in the amount composition given in table 28. The feed costs one thousand one hundred

fifty birr per quintal.

Table 28. Composition of ingredients of newly formulated broiler feed

Ingredients Amount (%)
Maize 40.00
Soya bean cake 27.00
Wheat bran 08.00
Wheat middling 08.00
Rapeseed cake 04.00
Molasses 03.00
Meat and bone meal 05.00
Limestone 04.00
Salt 0.50
Vitamin/mineral premix 0.50
Total 100
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The newly formulated feeds were evaluated for proximate analysis (moisture, crude protein, crude

fat, crude fiber and ash ) and mineral analysis (calcium and phosphorus) and the results are given
in tables 29 and 30.

Table 29. Nutritional composition of newly formulated feeds expressed as mean + SD

Sample

Moisture

Crude Protein

Crude Fat | Crude Fiber | Total Ash ME
(9/1009) (9/1009) (9/1009) (9/1009) (9/100g) | (kcal/kg)

Dairy 7.46 + 18.1+0.30 | 9.88+0.18 | 6.05+0.07 3.74 + 3651
Feed 0.51 0.08

Layer 8.91 + 19.33+ 0.30 | 7.70+0.96 | 5.83+1.02 5.00 + 3506
Feed 0.58 0.13

Broiler 8.52 + 21.2+0.88 | 759+0.82 | 511+0.91 4.65 + 3538
Feed 0.65 0.06

Table 30. Mineral content of newly formulated feeds expressed as mean + SD

Sample Calcium (g/1009) Phosphorus (g/100g)
Dairy Feed 1.2+0.42 0.55+0.04
Layer Feed 3.41+ 0.36 0.46 £ 0.05

Broiler Feed 1.24+0.18 0.49 £ 0.04

The results of nutritional composition analysis evaluated for the newly formulated dairy, poultry
layer and poultry broiler feeds show high nutritional value of the feeds. The feeds have improved

results than the feeds that have been collected in the study area. Thus the formulated feeds can be

used for the production of improved quality animal source foods.

Table 31. Comparison of nutritional composition of formulated dairy feed with factories

_ Moisture Crud_e Crude Crude Total Calcium Phospho
Dairy (9/100g) Protein Fat Fiber Ash ME (9/100g) -rus
Feeds (9/100g) | (9/100g) | (9/100g) | (9/100g) | (kcal/kg) (9/1200g)

New 7.46 18.10 9.88 6.05 3.74 3651 1.2 0.55
Formula
Factories 10.79 18.30 4.14 12.68 10.38 2900 2.14 0.06
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Table 32. Comparison of nutritional composition of formulated layer feed with factories

Laver Moisture Crude Crude Crude Total ME Calcium Phospho
fegds (/100g) Protein Fat Fiber Ash (kcal/kg) (g/100g) -rus
9779 | (g/1009) | (9/100g) | (9/100g) | (¢/100g) 979 | (gr100g)
E New 8.91 19.33 7.70 5.83 5.00 3506 3.41 0.46
ormula
Factories 9.33 19.05 4.58 12.98 15.67 2726 2.02 0.07

Table 33. Comparison of nutritional composition of formulated broiler feed with factories

. . Crude Crude Crude Total ME . Phospho-
Broiler Moisture . . Calcium
rends (0/1000) Protein Fat Fiber Ash (kcal/kg) (/1009) rus
9178 | (gr100g) | (g/100g) | (g/100g) | (g/100g) g8 1 (gr100g)
New 8.52 21.2 7.59 511 4.65 3538 1.24 0.49
Formula
Factories | 9.92 21.23 4.98 11.81 18.60 2685 2.03 0.06

The newly formulated feeds are better from the feeds collected from the study area in the results

of crude protein, crude fat, crude fiber, calcium and phosphorus. This was achieved by the use of

the suitable ingredients that fulfill these requirements. The crude protein of the newly formulated

poultry feeds is up to standard. The crude fat of the newly formulated dairy feeds has an increased

value. The crude fiber of poultry feeds is in range and also the phosphorus and calcium content of

all feeds is improved.
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5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

This study was done to evaluate the proximate, mineral, antinutritional and microbiological
composition of animal feeds and ingredients. The proximate analysis results for the feed
ingredients show that there is a significant difference among the feed producers. All the maize
samples had moisture higher than the limit and crude protein less than the limit. Four out of the
five wheat bran samples had moisture above the limit and all of the wheat brans had crude protein
composition lower than the limit. Two out of five wheat middlings had moisture above the limit
and all the wheat middling samples had crude protein below the limit. All soya bean cake and niger

seed cake samples had nutritional composition within the limits.

The results for the dairy feeds showed that there is a significant difference among the feed
manufacturers. Most of the results were in the set standard but 100% of the dairy feeds had crude
fat value below the set limit. There was a significant difference among the manufacturers for
poultry layer feeds. One out of the six poultry layer feeds (17%) had a crude protein less than the
specification. There was also a significant difference among the poultry broiler feeds in all the
proximate analysis and there was a deviation from the standard of crude protein in one of the

samples out of a total of six samples (17%).

All of the poultry layer and broiler feeds had crude fiber above the limits. The mineral analysis of
the animal feeds showed that 100% of the feeds contained a low amount of phosphorus. Three out
of the five dairy feeds (60%), four out of the six layer feeds (67%) and two out of the six broiler
feeds (33%) had low calcium value. The antinutritional factor analysis results showed that all the
poultry feeds have a high amount of the antinutritional factors phytate and tannin. The
microbiological analysis of the feeds and ingredients showed that 100% of the feeds and

ingredients were highly contaminated by moulds far beyond the specified limits.

The results show that there is a need for improvement on some of the parameters of the nutritional
requirement. From the feed formulations done in this study, it can be concluded that feeds can be
produced by using a formulation that incorporates rapeseed cake. Rape seed cake is suitable to use
as an alternative and additional ingredient for protein source with its high nutritional quality,

availability and low cost.
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5.2. Recommendation

According to the result of the assessment of the nutritional status of the available animal
feeds and ingredients used for animal feed manufacturing, it is recommended to store the
ingredients and feeds in a controlled environment in order to keep the moisture at the set
value.

It is recommended for feed manufacturers to analyze the nutritional composition of raw
materials that are used to make feeds in order to meet the required standards which can
enable the producers to produce feeds with a higher protein and energy.

It is recommendable to focus on mineral contents and analysis of calcium and phosphorus
of the feeds since they are essential minerals required for quality nutrition that directly
affect productivity.

It is recommended for regulatory bodies such as VDFACA to monitor the nutritional
quality of the animal feeds and ingredients in a regular manner in order to have consistent
products.

It is recommended to also check the safety of the raw materials used since unsafe raw
materials result in unsafe feeds. It is advisable to avoid using niger seed cake since it has
been found by several researches highly contaminated with aflatoxins. It can be replaced
with uncontaminated and less susceptible ingredients with similar nutritional value like
rape seed cake.

Since all the feeds and ingredients analyzed in this study were found to be highly
contaminated with molds far beyond the specified limit, it is advised to check the feed
ingredients for mold infestation before purchasing and utilizing for feed manufacturing.
Also ingredients free of mold should be kept in a conditioned environment and be
monitored for mold growth prior to production. Researchers should focus on studying
pathogenic microorganisms found in feeds and ways of producing healthier animal feeds

47



6. REFERENCES

Achoja, F. O., Ofuoku, A. U., & Okoh, R. N. (2006). Linkages between socio-economic variables
and the efficient marketing of poultry feeds in Delta State, Nigeria: implication for
extension services. World's Poultry Science Journal, 62(4), 709-715.

Adams, R. S., Kephart, K. B., Ishler, V. A., Hutchinson, L. J., & Roth, G. W. (1993). Mold and
mycotoxin problems in livestock feeding. Dept of Dairy and Animal Science, Extension
Publ. DAS, 93-21.

Adugna, T. (2008). Feed Resource and Feeding Management. A manual for feed operators and
development workers. Ethiopia sanitary and phytosanitary standards and livestock and
meat marketing program (SPS-LMM). Addis Ababa, Ethiopia, 38.

Afolayan, M. O., & Afolayan, M. (2008). Nigeria oriented poultry feed formulation software
requirements. Journal of Applied Sciences Research, 4(11), 1596-1602.

AOAC, Official Method of Analysis. 17 ed. 2000, Washington; DC, USA: Association of Official
Analytical Chemists.

Ajantha, A., Senthilkumar, S., Sakthivel, P. C., & Purushothaman, M. R. (2017). Nutritional
influence on quality of egg and meat in poultry—a review. International journal of science,
environmentand Technology, 6(6), 3338-3345.

Aung, M. M., & Chang, Y. S. (2014). Traceability in a food supply chain: Safety and quality
perspectives. Food control, 39, 172-184.

Ayantunde, A. A., Fernandez Rivera, S., & McCrabb, G. J. (2005). Coping with feed scarcity in
smallholder livestock systems in developing countries. ILRI.

Ayele, Z., & Peacock, C. (2003). Improving access to and consumption of animal source foods in
rural households: the experiences of a women-focused goat development program in
the highlands of Ethiopia. The Journal of nutrition, 133(11), 3981S-3986S.

Banaszkiewicz, T. (2011). Nutritional value of soybean meal. Soybean and nutrition, 1-20.

Bhanderi, B.M., Goswami, A., Garg, M. R. and Samanta, S. (2016). Study on mineral status of
dairy cows and their supplementation through are specific mineral mixture in the state
of Jharkhand. Journal of Animal Science and Technology, 58 (42)

Bediye, S., &Feyissa, F. (2006). The status of animal feeds and nutrition in the West Shewa Zone
of Oromiya, Ethiopia. Holleta Agricultural Research Center, Addis Ababa, Ethiopia,
27-49.

48



Bediye, S., Nemi, G. and Makkar, H. (2018). Ethiopian Feed Industry: current status, challenges
and opportunities. Broading Horizons 50

Chikwanha, O. C., Vahmani, P., Muchenje, V., Dugan, M. E., & Mapiye, C. (2018). Nutritional
enhancement of sheep meat fatty acid profile for human health and wellbeing. Food
Research International, 104, 25-38.

CSA (Central Statistical Agency). (2011) Ethiopia Demographic and Health Survey. Addis Ababa,
Ethiopia

CSA (Central Statistics Agency), (2014). Agricultural sample survey, volume2, report on livestock
and livestock characteristics (private peasant holding). Statistical Bulletin573, Addis
Ababa, Ethiopia

CSA (Central Statistics Agency), (2015). Agricultural Sample Survey, volume Il, Report on
livestock and livestock characteristics (private peasant holding). Statistical Bulletin
578, Addis Ababa, Ethiopia.

Das, L.K., Kundu, S.S., Kumar, D. and Datt, C., 2014. The evaluation of metabolisable protein
content of some indigenous feedstuffs used in ruminant nutrition. Veterinary
World, 7(4).

Dei, H. K. (2011). Soybean as a feed ingredient for livestock and poultry. In Recent trends for
enhancing the diversity and quality of soybean products. InTech.

Demissie, N. (2018). Review on compound animal feed processing in Ethiopia: Conditions,
Challenges and Opportunities. MOJ Food Process Technology 6(1): 60 — 64

Demissie, N., (2017). Review on compound animal feed processing in Ethiopia: Condition,
Challenges and opportunities. Journal of Nutrition and Health, 3(2): 5.

Diarra, S. S., Sandakabatu, D., Perera, D., Tabuaciri, P., & Mohammed, U. (2015). Growth
performance and carcass yield of broiler chickens fed commercial finisher and cassava
copra meal-based diets. Journal of applied animal research, 43(3), 352-356.

Enyisi, I. S., Umoh, V. J., Whong, C. M. Z., Abdullahi, I. O., & Alabi, O. (2014). Chemical and
nutritional value of maize and maize products obtained from selected markets in
Kaduna State, Nigeria. African Journal of Food Science and Technology, 5(4), 100-
104.

ESA (Ethiopian Standards Agency), (2005). Animal feeding stuffs definitions, requirements,
packaging and labeling. ESA

49



Ethiopia Livestock Master Plan (LMP). (2015). Livestock Master Plan: Roadmaps for Growth and
Transformation. Ministry of Livestock and Fisheries, Addis Ababa, Ethiopia.

F. A. O. (2002). Development and field evaluation of animal feed supplementation packages.
Proceedings of the final review meeting of an IAEA Technical Co-operation Regional
AFRA Project (No. IAEA-TECDOC--1294). Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture.

F. A. O. (2004). Protein Sources for the Animal Feed Industry. Expert consultation and workshop.
Bangkok, 29 April-3 May 2002.

FAOQO, (2009). The state of food and agriculture: livestock in the balance. FAO, Rome.

Feyissa, F., Kitaw, G., & Assefa, G. (2015). Nutritional qualities of agro-industrial by-products
and local supplementary feeds for dairy cattle feeding. Ethiopian Journal of
Agricultural Sciences, 26(1), 13-26.

Florek, M., Litwinczuk, Z., Skatecki, P., Kedzierska-Matysek, M., & Grodzicki, T. (2012).
Chemical composition and inherent properties of offal from calves maintained under
two production systems. Meat science, 90(2), 402-409.

Fox, D. G., Tedeschi, L. O., Tylutki, T. P., Russell, J. B., Van Amburgh, M. E., Chase, L. E., ... &
Overton, T. R. (2004). The Cornell Net Carbohydrate and Protein System model for
evaluating herd nutrition and nutrient excretion. Animal Feed Science and
Technology, 112(1-4), 29-78.

Galyean, M. L. (2014). Invited review: nutrient requirements of ruminants: derivation, validation,
and application. The Professional Animal Scientist, 30(2), 125-128.

Garg, M. R., Sherasia, P. L., Bhanderi, B. M., Phondba, B. T., Shelke, S. K., & Makkar, H. P. S.
(2013). Effects of feeding nutritionally balanced rations on animal productivity, feed
conversion efficiency, feed nitrogen use efficiency, rumen microbial protein supply,
parasitic load, immunity and enteric methane emissions of milking animals under field
conditions. Animal Feed Science and Technology, 179(1-4), 24-35.

Ghosh, S., Ghosh, J., Pal, D. T., & Gupta, R. (2014). Current concepts of feed formulation for
livestock using mathematical modeling. Anim. Nutr. Feed Technol, 14, 205-223.

Haftu, K .S. (2016): Exotic Chicken Status, Production Performance and Constraints in Ethiopia:
A Review. Asian Journal of Poultry Science, 10 (1): 30-39.

50



Hassen, A., Ebro, A., Kurtu, M., & Treydte, A. C. (2010). Livestock feed resources utilization and
management as influenced by altitude in the Central Highlands of Ethiopia. Livestock
Research for Rural Development, 22, 229-233.

Herrero, M., Havlik, P., Valin, H., Notenbaert, A., Rufino, M. C., Thornton, P. K. & Obersteiner,
M. (2013). Biomass use, production, feed efficiencies, and greenhouse gas emissions
from global livestock systems. Proceedings of the National Academy of
Sciences, 110(52), 20888-20893.

Hussein, T., Urge, M., Animut, G., & Fikru, S. (2015). Effect of Replacing Soybean Meal with
Processed Kidney Bean Meal on Egg Production and Economics of White Leghorn
Layers. Poultry, Fisheries & Wildlife Sciences, 1-6.

Jabbar, M. A., Ehui, S. K., & Staal, S. J. (2000). Handbook of livestock statistics for developing
countries. Socio-economics and Policy Research Working Paper-International
Livestock Research Institute, (26).

Jabbar, M. A., Negassa, A., & Gidyelew, T. (2007). Geographic distribution of cattle and shoats
populations and their market supply sheds in Ethiopia.

Kassa, B. & Haile, S. (2017). Assessment of livestock feed availability, conservation mechanism
and utilization practices in South Western Ethiopia. Journal of Agricultural Science and
Research. 5 (7).

Kassahun, A., Waidbacher, H., & Zollitsch, W. (2012). Proximate composition of selected
potential feedstuffs for small-scale aquaculture in Ethiopia. Livestock Research for Rural
Development, 24(6), 1-118.

Kategile, J. A., Said, A. N., & Dzowela, B. H. (1987). Animal feed resources for small-scale
livestock producers. Proceedings of the second PANESA workshop.

Kehinde, M. T., Oluwafemi, F., Itoandon, E. E., Orji, F. A., & Ajayi, O. I. (2014). Fungal profile
and aflatoxin contamination in poultry feeds sold in Abeokuta, Ogun State,
Nigeria. Nigerian Food Journal, 32(1), 73-79.

Kukier, E., Goldsztejn, M., Grenda, T., Kwiatek, K., & Bocian, L. (2013). Microbiological quality
of feed materials used between 2009 and 2012 in Poland. Bulletin of the Veterinary
Institute in Pulawy, 57(4), 535-543.

51



Leeson, S., &Caston, L. (2008). Using minimal supplements of trace minerals as a method of
reducing trace mineral content of poultry manure. Animal Feed Science and
Technology, 142(3-4), 339-347.

Leta, S., & Mesele, F. (2014). Spatial analysis of cattle and shoat population in Ethiopia: growth
trend, distribution and market access. SpringerPlus, 3(1), 310.

Lisa, Y.L., Margaret K., Shawn M. and Polly W. (2007). The Johns Hopkins Center for a Livable
Future. Baltimore.

Lukuyu, B., Franzel, S., Ongadi, P. M., & Duncan, A. J. (2011). Livestock feed resources: Current
production and management practices in central and northern rift valley provinces of
Kenya. Livestock Research for Rural Development, 23(5), 112.

Makkar, H.P.S. 2016. Animal nutrition in a 360-degree view and a framework for future R&D
work: towards sustainable livestock production. Animal Production Science. 56, 1561—
1568. https://doi.org/10.1071/AN15265

Maxson, E. D., & Rooney, L. W. (1972). Evaluation of methods for tannin analysis in sorghum
grain. Cereal Chemistry, 49(6), 719-728.

McMichael, A. J., Powles, J. W., Butler, C. D., & Uauy, R. (2007). Food, livestock production,
energy, climate change, and health. The lancet, 370(9594), 1253-1263.

Mekasha, A., Gerard, B., Tesfaye, K., Nigatu, L., & Duncan, A. J. (2014). Inter-connection
between land use/land cover change and herders’/farmers’ livestock feed resource
management  strategies: a case study from three Ethiopian eco-
environments. Agriculture, ecosystems & environment, 188, 150-162.

Mengistu, A., Kebede, G., Feyissa, F., & Assefa, G. (2017). Review on Major Feed Resources in
Ethiopia: Conditions, Challenges and Opportunities. Academic Research Journal of
Agricultural Science and Research, 5(3), 176-185.

Mirzaei, A., &Maheri, N. (2008). Nutritive value of some agro-industrial by-products for

ruminants-A review. World J. Zool, 3(2), 40-46.

Mona, E. E., Mona, M. H. S., & Nagwa, S. A. (2016). Frequency of fungal and aflatoxin B1

contaminants in cattle feed. Int. J. PharmTech. Res, 9, 81-88.

Muramatsu, K., Massuquetto, A., Dahlke, F., & Maiorka, A. (2015). Factors that affect pellet
quality: a review. Journal of Agricultural Science and Technology, 5, 717-722.

52


https://doi.org/10.1071/AN15265

Nega, T. woldes Y (2018) Review on Nutritional Limitations and Opportunities of using
Rapeseed Meal and other Rape Seed by-Products in Animal Feeding. J Nutr Health
Food Eng, 8(1), 00254.

Neumann, C. G., Bwibo, N. O., Murphy, S. P., Sigman, M., Whaley, S., Allen, L. H., ...
&Demment, M. W. (2003). Animal source foods improve dietary quality,
micronutrient status, growth and cognitive function in Kenyan school children:
background, study design and baseline findings. The Journal of Nutrition, 133(11),
3941S-3949S.

Neumann, C. G., Murphy, S. P., Gewa, C., Grillenberger, M., & Bwibo, N. O. (2007). Meat
supplementation improves growth, cognitive, and behavioral outcomes in Kenyan
children. the Journal of Nutrition, 137(4), 1119-1123.

Oladimeji, G. R., & Kolapo, A. L. (2008). Evaluation of proximate changes and microbiology of
stored defatted residues of some selected Nigerian Oil seeds. African Journal of
Agricultural Research, 3(2), 126-129.

Onipe, O. O., Jideani, A. I., & Beswa, D. (2015). Composition and functionality of wheat bran and
its application in some cereal food products. International Journal of Food Science &
Technology, 50(12), 2509-2518.

Oyaizu, M. (1986). Studies on products of browning reaction. Jpn. Journal of Nutrition andDiet ,
44, 307-315.

Patil, V., Gupta, R., Rajendran, D., & Kuntal, R. S. (2017). Comparative study on feed formulation
software—a short review. Int J Res-Grathaalayah, 5(4), 105-115.

Pavlova, V., Necinova, L., Nakov, G., Gjorgjievska, E., Menkinoska, M., Blazevska, T.,
&Stamatovska, V. (2013). Quality evaluation of raw materials for mixed feed
production and mixed feed as final product with the required standards in R.

Macedonia. Journal of Hygienic Engineering and Design, 2, 36-40.

Pelicia, K., Garcia, E., Mori, C., Faitarone, A., Silva, A., Molino, A., Vercese, F., & Berto, D.A.
(2009) Calcium levels and limestone particle size in the diet of commercial layers at
the end of the first production cycle. Brazilian Journal of Poultry Science, 11(2)87-94

Pocketbook, F. S. (2015). World food and agriculture 2015. Rome: FAQ.

53



Prates, J. M., & Mateus, C. (2002). Functional foods from animal sources and their physiologically
active components. Revue de médecinevétérinaire, 153(3), 155-160.
Radhika, V., & Rao, S. B. N. (2010). Formulation of low cost balanced ration for livestock using
Microsoft excel. Wayamba J. Anim. Sci, 2, 38-41.
Ravindran, V. (2013). Poultry feed availability and nutrition in developing countries. Poultry
development review, 60-63.
Robertson, G. H., Wong, D. W., Lee, C. C., Wagschal, K., Smith, M. R., & Orts, W. J. (2006).
Native or raw starch digestion: a key step in energy efficient biorefining of
grain. Journal of Agricultural and Food Chemistry, 54(2), 353-365.

Rodrigues, 1., & Naehrer, K. (2012). Prevalence of mycotoxins in feedstuffs and feed surveyed
worldwide in 2009 and 2010. PhytopathologiaMediterranea, 175-192,

Rutkowska, J., Biatek, M., Bagnicka, E., Jarczak, J., Tambor, K., Strzalkowska, N., ..&
Rutkowska, E. (2015). Effects of replacing extracted soybean meal with rapeseed cake
in corn grass silage-based diet for dairy cows. Journal of Dairy Research, 82(2), 161-
168.

Sanusi, M., Rabi, A., Doma, U. D., & Haruna, J. (2015). Comparative effect of self—formulated
and four commercial diets on the growth performance, carcass and haematological
parameters of broiler finishers in the tropics. Sokoto Journal of Veterinary
Sciences, 13(2), 14-109.

Sapkota, A. R., Lefferts, L. Y., McKenzie, S., & Walker, P. (2007). What do we feed to food-
production animals? A review of animal feed ingredients and their potential impacts on
human health. Environmental health perspectives, 115(5), 663-670.

Saxena, P. (2010). Feed formulation software: a comparative study. Feedtech Int Feed Prod
Technol, 1(8), 20-21.

Siekmann, J. H., Allen, L. H., Bwibo, N. O., Demment, M. W., Murphy, S. P., & Neumann, C. G.
(2003). Kenyan school children have multiple micronutrient deficiencies, but increased
plasma vitamin B-12 is the only detectable micronutrient response to meat or milk
supplementation. The Journal of nutrition, 133(11), 3972S-3980S.

Sittiya, J., & Yamauchi, K. E. (2014). Effects of replacing corn with whole-grain paddy rice in
laying hen diets on egg production performance. Journal of Advanced Agricultural
Technologies Vol, 1(1).

54



Smil, V., Cavallero, B., & Popkin, B. M. (2002). The Nutrition Transition: Diet and Disease in the
Developing World.

Smith, J., Sones, K., Grace, D., MacMillan, S., Tarawali, S., & Herrero, M. (2013). Beyond milk,
meat, and eggs: Role of livestock in food and nutrition security. Animal Frontiers, 3(1),
6-13.

Solomon, A., Workalemahu, A., Jabbar, M., Hurissa, A., &Hurissa, B. (2003). Livestock
Marketing in Ethiopia: A Review of Structure, Performance and Development
Initiatives, Socio economics and Policy Research Working Paper, 52.

Slominski, B. A., Boros, D., Campbell, L. D., Guenter, W., & Jones, O. (2004). Wheat by-products
in poultry nutrition. Part 1. Chemical and nutritive composition of wheat screenings,
bakery by-products and wheat mill run. Canadian Journal of Animal Science, 84(3),
421-428.

Streeter, S., & Creek, T. (2006). Feeding livestock in temporary holding facilities in the Northern
Territory.

Tadelle, D., Nigusie, D., Alemu, Y., & Peters, K. J. (2002). The feed resource base and its
potentials for increased poultry production in Ethiopia. World's Poultry Science
Journal, 58(1), 77-87.

Tadelle, D., Alemu, Y., Moges, H. M., &Fasil, K. (2003). Effect of level of rapeseed (Brassica
carinata) cake in rations on broiler performance. Livest. Res. Rural Dev, 15, 1-15.

Tegegne, A., Gebremedhin, B., & Hoekstra, D. (2010). Livestock input supply and

serviceprovision in Ethiopia: Challenges and opportunities for market-oriented development.

Thomas, M., Van Zuilichem, D. J., & Van der Poel, A. F. B. (1997). Physical quality of pelleted
animal feed. 2. Contribution of processes and its conditions. Animal Feed Science and
Technology, 64(2-4), 173-192.

Thomson, E., & Nolan, J. (2001). UNEForm: a powerful feed formulation spreadsheet suitable for
teaching or on-farm formulation. Animal Feed Science and Technology, 91(3-4), 233-
240.
Tolera, A. (2007). Feed Resources for Producing Export Quality Meat and Livestock in Ethiopia
Examples from Selected Woredas in Oromia and SNNP Regional States.

55



Tolera, A. (2009). Livestock feed supply situation in Ethiopia. In Proceeding of
Commercialization of livestock Agriculture in Ethiopia on the 16th annual conference
of Ethiopian society of Animal production (ESAP) held in Addis Ababa, Ethiopia.
October (Vol. 8, pp. 22-38).

Tolera, A., Yami, A., & Alemu, D. (2012). Livestock feed resources in Ethiopia: Challenges,
Opportunities and the need for transformation. Ethiopia Animal Feed Industry
Association, Addis Ababa, Ethiopia.

Valmorbida, R., Savi, G. D., Silva, J. R., Yanez, M. M., Soares, C. E., Runtzel, C., ... & Scussel,
V. M. (2018). Quality and safety of maize (Zea mays L.) from Rond6nia state storage
units, Northern Brazil. Food Additives & Contaminants: Part B, 11(1), 54-63.

Wagpner, J., & Stanton, T. L. (2012). Formulating rations with the Pearson square. Fact sheet
(Colorado State University. Extension). Livestock series; no. 1.618.

Walker, P., Rhubart-Berg, P., McKenzie, S., Kelling, K., & Lawrence, R. S. (2005). Public health
implications of meat production and consumption. Public health nutrition, 8(4), 348-
356.

World Bank (2017). Livestock and Fisheries Sector Development Project (P159382). WBO

Yami, A., & Dessie, T. (1997). The status of poultry research and development in Ethiopia. Poultry
Research Bulletin No. 1 DebreZeit Agricultural Research Center, Alemya University
of Agriculture, DebreZeit, Ethiopia.

Yami, A. (2015). Alternative feedstuffs and formulation of diets for poultry in Ethiopia. Feed

manual No. 001/2015. Ethiopian Animal Feed Industry Association. Addis Ababa, Ethiopia.

Zewdie, W. (2010). Livestock production systems in relation with feed availability in the highlands
and central rift valley of Ethiopia. Wageningen University, Wageningen, the

Netherlands.

56



Annex
Annex 1. Calibration curve for phosphorus analysis
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Annex 2. Calibration curve for calcium analysis
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Annex 3. Calibration curve for phytate analysis
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Annex 4. Calibration curve for tannin analysis
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Annex 5. ANOVA

Moisture results

NMioistoar e
Sub=aet for alpha = 0. 05
rMaize -1 il =2
Curncan ™ Mai=z=005S =2 1=.91 00

Mali=m==005 =2 1T4. 0000

rMaiz=e0 o> = 14 . 4200 14 4200

PMaiz=003= = 14 . S5000 14 . SO00

rMai==00"1 =2 14 F&E00

=ia. SOE1 =219

Mean=s for group= inmn homogeneous subsets are displawveo .
@, UUses Harmonic Mean Sample Size — Z2.000.
Moisture
Subsetfor alpha = 0.05
Wheat bran r 1 =z el 4
Duncan® Wheat branm 006 2 101100

Wheat bran 002 2 11.5400
Wwheat bram 001 2 11.9200
Vwheat bramn 005 2 12,4000
Wheat branm 0032 2 12.7600
Sig. 1.000 1.000 1.000 054

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.000.

Moisture
Subscet Tor alpha = O0.05
Wwheat middling rd il =
Duncan ™ Wiheat micddlimg OO0 = 10.1=00
Wwheat miicddlimng O0S =2 1T0.2000
Wwheat miicddlimng OO0 =2 1T0. 8200
Wwheat miicddlimng OO032 =2 11 . 2400
Wwheat miicaddlimg OO02 =2 11 . F=00
=i, OFs O5>2
Means for group = imn homogeneous subsaets are displaved .
Aa. llses Harmonic Mean Samiple Size = Z2.000.
Moisture
Subset for alpha = 0.05
Soya bean calke Il 1 2 3 4
Duncan? sova bean cake 006 z 41000
Soya bean cake 007 2 4. 2000
Soya bean cake 005 2 S.2500
Soya bean cake 002 2 5.65400
soyva bean cake 001 2 ¥.9400
Sig. 1.000 .09V 1.000 1.000

Means for groups in homogenseous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.000.

Moisture
Subsetfor alpha = 0.05
nigaer seed cake L] 1 = =
Duncan® nigaser seaed cake 006 2 S5.3400
nigager seacd cake 001 =2 F.1500
mnigaer seed cake 005 pe- FT.FrZ00 F.FrZOo0o
mnigger seced cake 003 - 2.&6500
nigger sead cake 002 =2 2.2400
=ig. 1.000 332 eg=y
Means for groups in homogenseous subseaets are displayed.
a. Uses Harmonic Masan Sample Size = Z2.000.

58



Moisture

Subsetfor alpha = 0.05

Dairy Fead r = =
Cuncan® Dairy Feaed OO0G =2 S. 5100
Dairy Feaed 003 pe-] 9. =200
Dairy Feaed 004 pe-] 11. 0200
Dairy Feaed 002 pe-] 11. 2000
Dairy Feed 001 pe-] 12. 2300
Sid. 4aET EGT 1.000
Means for groups in homogeneous subsets are displaved.
a. Uses Harmonic Mean Sample Size = 2.000.
Moistures
Sub==t for alpha = 0. 05
Lavwer Faeod L] il =
CunNncam= Lay=er Feased OO0O5 = =2. 3300
Lay=r Fe=d O1 2 = =S.4=200
Laver Feaod O 1 =2 =S 4200
Layer Feasod OO = L=l o N o)
Lay=r Fe=sd O0O2 = (== el
Layer Feasd O0O9 =2 1TO.Ox400
=ic. Saes R =y
Mean=s for group= IiN homogeEneseou=s sub=saet=s are display=ad .
a. llses Harmonic Mean Samiple Si=s Z. 000
Moisture
Subset for alpha o.o0s
Eroiler Fead 4 1 = 3
Duncan” Broiler Fe=sd O05 =2 S.0200
Broiler Fesd O02-2 =2 S.4000
Eroiler Fesd O2-1 = 9.5500
Eroiler Fesed O5-1 = 9.F9o00 Q. Fv9o00
Broiler Feed O05-2 = 1O 86500 10 86500
BEBroiler Feasd O04 = 11 . 0900
=ig. 135 0o=s9 =240
Means for group=s iNn homogeneous subsaets are displaved.
A, I ses Harmonic Mean Sample Size = 2. 000,
Ceraacle ey axibeinrn
suubh ==t fir
== OO =
Rl = ==
Cuaarnnc=r o === OO= pe=-4 s B B e e )
A== OO = =OoOoOoO
=== OO>:= = [ S e
A= == 1 = B = )
=== OO>= = =R =l
== =t

A==rn=s for

=l =we= i _

=\ L === FHarrmaiormic Maearm Samarmislae =Simae

O L =

Crude protein

W h e at

bran

Sub=s=etfor alpha

.05

-l

E}

=

=

Duncan®

Wheat
Wiheat
WWheat
WWheat
WWheat
=iqg.

bram Q2
bramn O3
bramn O0O1
bramn 005
bramn OO

WK KRNN

10,0300
1T0. 7200

121

229

1T0. 7200

200

os=

12.1200
12.9400
13. 2600

Rap=p=]

Means for group=s in homogenseous subsets are displayved.
A, lldJses Harmonic Mean Sample Size =

Z2.000.




Croacle g obeinn

Subset Tor
Alpha = O.05
W e @t ol clling 1 1
CDunc=mn = WO e aEt rmiicddlimng OOs = 1 =.1=500
Whheat rmiiddling O0O32 = 1T2. 4400
WWheat miiddlimg OO2 = 131200
whWheast rmiddlimng ol = 13 a1 00
WiWheat rmiddlimng OO0 = 1=2.9000
=ig. M=

PMean=s for Qroudp = imn homogenesous subsat=s are displayeaed .
=S Ll=ae=s Harmonic Meaean Samiple Simae — 2T OO0

Crude protein

Sova bean

cake -

Sub=setfor alph

a= 005

1

=2

Duncan= Soyva bean cake 001 pec] 44 4500
Soyva bean cake 002 =2 45 1500
Soyva bean cake 005 =2 47 6000
Soyva bean cake 006 =2 48 0200
Soyva bean cake 007 =2 48. 3000
Sig. 355 ey ==
Means for groups in homogeneous subsets are displaved.
A lJses Harmonic Wlean Sample Size = Z2.000.
Crude protein
Subsetfor alpha= 0.05
Miger seed cake rd 1 2
Duncan® Higer seed cake 006 2 35 2200
Higer seed cake Q03 2 BTV . 66500
Higer seed cake 002 2 FrF.Fyseoo
Higer seed cake 005 2 3F2.0100
Higer seaed cake 001 2 221400
Siag. 1.000 587
Means for groups in homogeneous subsets are displayed.
a. llses Harmonic Mean Sample Size = 2.000.
Crude Protein
Subsetfor alpha = 0.05
Dairy L} 1 2 3 i
Duncan® Dairy FOO2 2 15 7500
Dairy FOO1 2 17.1500 17.1500
Dairy FOO4 2 18 6500 186500
Cairy FOO3 2 19,6500 19.6500
Dairy FOOG 2 20.2700
Sig. 059 056 157 361
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.000.
Crude Protein
Subsetfor alpha = 0.05
Laver I 1 =2 3
CDuncan® Layer FOOS 2 15 . 4000
Layer FOO4 = 1 7. 33200
Layer FOO11 =2 19. 7200
Layer FOOZ =2 Z20.1Z200
Layer FOO12 2 20.86500
Laver FOOG =2 21 . 0000
Sia. 1.000 1.000 139

Mean=s for group=s in homogeneous subsets are displayed.

a. UUses Harmonic Mean Sample Size

= Z.000.

60



Crude Protein

Subset for alpha = 0.05
-l 1 =2 =3
Duncan® Broiler SGFO0O04 =2 18 2000
Eroiler FFOOS =2 2017400 Z0.1400
Eroiler S00Q2 =2 20. 7600 20.7&s00
Eroiler FFOOZ= =2 =21 .0000
Eroiler SFOO5S 2 22 2200
Eroiler GFOO0S = Z25.0300
=ig. o055 1O 1.000
Means for group = IiNn homogenaeous subsats are displayead.
a. ldses Harmonic Mean Sample Size = 2 000

Crude fat results

Crancie Faat

s=uby ==t fir
=lpoh=a — O 0O=
Ml = i -4 1
Cuncam= M@=z OO = =1 Ooo
Ml === Lo e o=} =2 =1 00
=== O0O= = =1 00
frMl=i=m= OO>= = =1 FOoO
rl=i== OO = =E.=Z=20O00
= = N L L

rMe@ns fTor aQroup=s imn haomogsenaeous sSubsasts are
A=l =awe o

=@ I d=saes Harmonic Meamn Sample SiEze = . oo,

Crvacle Fat

Subsaelt Tor
Alpha = O 0%
Wi e =t bhhr=m r-1 1
Cuncam ™ W at bram O0O3 = Z. 929900
WhWhe ot bhram OO =2 =100
Weeohieat bhram OO0O32 = =E. 2500
wWeohmieat kbhramn OO0 = . =235 0
W at kbram oo = =E=.4500
=i, a3

= an=s for group=s imn homMmogenaeous subsaets are
dispolawed.

A, UUsaes Harmonic Mean Samplse Size — Z.000.

Crude Fat

Subsetfor alpha = 0.05

wwheat middling L) 1 2 3
Duncan® YWwheat middling 0032 2 1. 9200

Wwheat micdling 005 2 2.2450 2.2450
Wwheat micdling 006 2 2.7400 2.7400
Wwheat micddling 001 2 3.06500
Wwheat micdling 002 2 31200
Sig. 230 051 115

Means for groups in homogeneous subsets are displayed.
a. UUses Harmonic Mean Sample Size = 2.000.

Crucle Tat

Subsetftor alpha = 0.05

Soyabean cake 1 1 2
Duncan® Sovabean cake OO02 =2 F.5000

Sovabean cake OO7F =2 S. 9400
Sovabean cake OO0G =2 S . 9600
Sovabean cake 001 =2 S. 0000
Soyvabean cake 005 =2 S. 0000
=i, 1.000 BTa

Means for groups in homogeneous subsets are displayved.
a. Uses Harmonic Mean Sample Size = 2.000.



Crude Fat

Subset for alpha = 0.05

MNigger seed cake ] 1 2 3 d
Duncan® M= 001 2 ¥.8500

M= 002 2 =2.2000

MMSC 006 2 2. 4250

rI=sC 007 2 S.0F700

MMSC 005 2 9. 6500

Sig. 1.000 210 1.000 1.000

Means for groups in homogeneous subseaets are displayed.
a. Uses Harmonic Mean Sample Size = 2.000.

Crude Tat

Subset for alpha = 0.05

Dairy feed L] 1 2 = d

Cuncan® DCairy feed 003 2.2600
Dairy feaed 001
Dairy feed 004
Dairy feaed 002
Dairy feed 006 S 9000
Sig. 1.000 1.000 356 1.000

F.¥S00
4. 3100
4. 5000

MoK N KNRK

Means for garoups in homogeneous subseaets are displayeaed.
a Uses Harmonic Mean Sample Size = 2 000

Crude fat

Subsetfor alpha = 0.05

Layverfeeds L] 1 2 3 4 =]

Duncan® Layer feed 005 3. 5000
Layer feed 004 3.¥500 3.¥500
Layer feed 002 4.2500 4. 2500
Layer feaed 012 S000
Layer feed 011
Layer feed 006 5. 2200
Sig. LET6 105 LETE 1.000 1.000

5.2500

[ I VI I I )
I

Means for groups in homogenseous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.000.

Crucle Fat

SubsetfTor alpha = 0.0%
feeds L il = =

Duncan® EBroiler fe=sc OO04 =2 4.0000

Broiler feaed 021 =2 4. 1500

Brailer Teed 22 =2 4. 2=50

Erciler feed O51 =2 4. S000 4. S000

Broiler feed O53 =2 S 0000

Brailer feed O52 =2 s 0000

=ic. 091 OF9 1.000
Mean=s for group=s in homogeneous sub=sets are displayed.

A U=ses Harmonic Mean Sample Size = Z2.000.

Crude fiber results

rnacle Tilklren

==k ==t T
== = OO

Pl = i == e 4 ol

Caarnnc = o =iz OO = = == ]
Pl === OO = =.1 a4 OO
Pl === 0o = = = ==0O0
Pl === 0o = = =. OO
Pl=i== OO = =1 OO
=ic. =

e S = Tl Oroio = in horm o g e ol s ===t =1 e

= o | = e ol

= L I =sae= FHarrrmaonmic e amnnm S armipole Sismae — 32 _ OO o

62



Crnacle Filrer

R == i =N == ]

Subs=et fior
S=MEph=S = O.0sS

CDuncam =

=i

W e &St Bhram OO
e St bhram 00>
RSP EeaSET hramn OO s
WS e aAEt hramn OO
wwhireat bhram OoO3=

NHKKNN

Tle= == Tl Oro o = =
dismlawsd.

in hormMmiogeneous SUubscets are

=\S L L =sae=s Harrmonmic Mean Samiple Si=mse = 2. 000

Crude Fibhernr

Subsaet for alpha
wwheat middling 1 1 =
Duncan™ wwheat middlimg OOZ= =2 =11 00
Wwheat middling 005 2 S.¥Soaooa
wwheat micddlilmg OO =2 5. 3300
Wwheat micddlimng OO =2 F.OoZzZ0ooO
wwheat miidalimg O0OQ2 = F.s1 00
=i 1 000 B o Y]

Means Tfor aQroups inmn homogeneous subsets are displawved.
a. ldses Harmonic Mean Samiple Si=ze = 2. 000

Crnacle Tilrer

Sowalbh e

caAake

Sub=s=t Tor
alpha = o055

[} -1

Duncan =

E=1 W

Ssoyvalbhe=a
Ssoyvalbhe=a
Ssoyvalbhe=a
Soyvalkbea
Soaoyvalbea

s e s e

cake OO
cake OO5S
cake OOF
cake OO>2
caEbki= OO

KON NN

. =2Z20o0a
T .oAasEsa
=1 500
=. 3250
=. 4000

=12

Means for AQroup = imn homMmogenseous subsats are displawe o,
=AM L === Harrmionic Mean Samiple Si=m= — 22 000

Crude Fibher

Migerseed cake Subsaet for alph=a — 005
-4 1 =
Dwuncary ™ rNsSac OO0 = Rk I =T=]
rMN=sac Oo=2 =2 1S . SssS00 1S . SsS00
NS O0S > 15 s000 1S sS000
rNsScC 00 = 1S . 0400
S OOo3 = 1 7. S000
=i, = -1 D9 T
Means for QrouE=s inNn hoMmogeNeous Subsaets are displayed.
A Uses Harmmonic Mesan Samiple Size = Z2.000.

Crude Fibryer

Subsetfor alpha = 0.05
Ciairy - 1 = =
Cuncamn® Dhairy FOOA =2 F.OZO0o

Dairy FOOZ= =2 1T0.5400

Dairy FOO 4 =2 1T0. 79200

Chairy FOOS e 11 . 2800

Dairy FOOZ2 =2 Z2Z.S200
=ig. 1.000 ==k 1000

Means for groups

imnhomogeneous subsaets are displayed .
a lses Harmonic Mean Sample Size = 2. 000.

63



Crude Fibher

Subscet for alpha = 0.05
Foultry Laver ™ 1 =2 3
Duncan® Layer FOOS = O FE0O0
Layer FOO1 1 =2 1T0.Z050
Lay=er FOO1 =2 = 11 _2Z00
Layer FOOGS =2 1=.=2Z2Z00
Lay=er FOO4a = 15 2900
Layer FOO2Z2 =2 17F. 2750
=g _O55 Osa 1 . 000
Means for garoup s imn homogeneous subsaets are displayedd.
a. Uses Harmonic Meaean Sample Si=ze = 2.000.
Cruacie Fib er
Sub=saet for alpha = O 05
Poultiny Broiler 1 il =
CDunc=an s EBroiler SO0 = = =) =]
- FOoo>=> = = . a4500
SISO Os = =SSO
- FOoOOo>= = S OoOso0o
T FOOS = 1T0O. 2550
- FOOs = =25 3 Fs5s0
=ic- OS9 1.000
fMeamn=s Tfor Qroup = in homogensous subsets are displayved .
Al dl=se= Harmionic WMeanmn Samiple Size — 2 000
Total ash results
Wit =al =a=kn
Sub=sat Tor
alha = 0.0=
= i r-1 Ll
Dunca=m = l=i=e oo = R I o e e |
rf=i=m= O = = 1 .1 F oo
rM=@i=m= OO>= = 1 _Z2OdOd
rf=i=m= Do = = 1 a4 SO0
=== OO = = 1. SZ=200
= =" s ==

M= =rmn=s Tonr im hhormogensouls subsets ar
i = =w e od

= L i =seae= Harrmonmic Mleaeanrmn Sarmiple Siemae

==Ll = =]

= . 0O0oO0.

Total ash
Subsaet for
@lpha = 0.05s

Vwheat bran -l 1
Cuncan = WWheat bram 003 =2 2. 5700

Weheat bramn Oo2 = Z. o900

WhWheat bram OO0OS =2 =2.1400

WwWheat bram OO =2 S.SG00

Wheat bramnm OO0 = 4 _ oOooooo

Sia. 117

rMeans for imn homogeneous subsaet=s are
displawed.

A, llsaes Harmonic Mean Sample Si=zs

Aroup =

2. 000,

Total asis
Sub=saet Tor
Aalpha = O.05
Wb e at midadling el il
Cuncan= Wheat middling OO03 =2 1.5000
Wihieat middlilng 005 = 1 Sa00
Wheat middling O0& = Z.Z2ZO0
Wheat middling 002 =2 Z. 2000
Wheat rmidodling OO = Z.e7vOoOO0
=ig. =T

Means Tor

Aroup =
a ld=es Harmonic Mean Sample Sieee =

2 000,

imn homogeneous subsets are displaved.




Total ashy

SubsaetTtor

Alpha = Oo.05%
Sova bean cake -1 1
Duncan = Sova bean calke O01 = S 0000
Sova bbean cake 002 =2 S. 0000
Sova bbean cake OO0O7F =2 S. 0000
Soyva bhbeamn cake 005 =2 5. 4000
Soyva beamn cake 000G =2 F.Osa0o
Sic. 219

Means for

Aroups

inmn homogeneous subsaets are displayed.

A. llUsaes Harmonic Mean Sample Size = 2. 000
Total ash
Subsat for
Alpha = 0.05%
HNiger seced caloe - il
Duncan = HNiger seaed cake OO02 =2 S._ =000
Higer seaed cake O0G =2 S.4=00
Niger scaed cake 005 =2 5.5 00
HNiger seaed calke O0O01 =2 F.SEZ0O0
Higer seaed cake O03 =2 2. 0500
=i 114

Means Tor
a. lses Harmonic Maesan Sample Size =

groups inmn homogeneous subsaets are displayved .

Z2.000.

Total ash
SubsetTor alpha = 0.0%
r-d -1 b
Duncan™ o0= = F.2s0o0
oos = F.e300
[y | =2 =2. 0000
[ = 14 0000
[ = 15,0100
N | a2E2

fMeans for aroup s

imn homogeneseous subsaets are displawved.

A lldses Harmonic Mean Sample Size = 2 000
Total ashy
Sub=set for alpha = 0.05
-1 1 = =

L aywer

Duncan= Lays=r 01 =2 = 1 Z.0000
Layer OO0 = 12Z2.0500
Layer O0O4 = 1S.1400 1S 1400
Layer OO2 = 1S. 000
Lay=er O1 1 =2 1F.2000
Layer OO0sS =2 ZZ.O0000
=ia. OSE -1 1 1.000
Mean=s for group= N homogenecous subsaets are displayed.
a. Uses Harmonic Mean Samiple Size = 2.000.
Total ask
Sub=et for alpha = 0.05
-1 -1 =

BEBroiler

Duncans

EBroiler
Broilaer
Broiler
Broiler
Eroil=r
EBroiler
=ia.

Tecoods

oo
o5 =
oz=z=
[ ey |
oS
oS3z

HNKKENK

1S . 2000
1. 0000

1
1

=2
=2
S

=S.FFO0
= ==l u )]
O. =000
o. =000

1=

Means Tor

AQroups

=m Udse=s Harmonic Mean Samiple Size = 2. 000

im homogeneou=s subsaets are displayed.
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Minerals results

Calcivnrry

Subsaet for alpha = 0. .05
D =iry -l -1 = =
Duncan® Dairy FOO3 = SE200
Chairy FOO 4 = SEsa0
Dairy FOoO = T33O0
Dairy FOOZ2 = B2.aA4aF00
Chairy FOOGS =2 S 2200
=ia. T a0 1.000 1.000
Means for group=s iNn homogeneous subsets are displayed.
a. lldses Harmonic Mean Sample Size = Z.000.
Calcium
Subsetfor alpha = 0.05
layerfeeds r il = = 4 =] =]
Duncan® Layer fesd 012 2 .S7 00
Layer feed 004 2 E300
Layer feed 005 2 1.0900
Layer feed 006 2 2.8500
Layer fesd 002 2 34400
Layer feed 011 2 3.5300
Sig. 1.000 1.000 1.000 1.000 1.000 1.000
Means for groups in homogensous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.000.
ol Ly
. Mmilpha = 0.05
Broiler - 3 = > r
Dunc@mn® Biroilar FA00
Broilasr == fuln]
Broiler 1.2000
Broilssr 2 1. 2200
Eirasilar = A BOOO
Eirilay = A SOoo
ig 1. 000 (s s ] 1. 000 1. 000
T EEGERECT FOURS in NeMogeanaous SUubSets ars oS laye o
o Usnass HMarmoanic Me H v BiEse = 2.000
Pprhosphhorus
Subsaet for alpha = 0.05
Daver feeds 1 il - 3
CDuncan™ Dairy OO0 = Oa00
Chairy OO =2 OsoO0
Dairy 003 = OE00
Dhairy OOz =2 Ooz=00
Chairy OO =2 O9ao0
=i, 1 . OO0 1 000 1 TE
Mean=s for garoup = IiN homogeneous subsets are displayed.
=@ Il =e=s Harmonic Mean Samiple Size = 2 000
[l e T="E =7 g = o N E_
Subscet for alpha = O . 0O
Layver feceos -1 Ll =
Chuanc=mn o Lawer OO = s e
Lawer Ooa = OES0O
L=awes=r OOS = I R e e |
L=aws=r O1 =2 =2 O sO
L=awye=r &1 1 =2 O=00
L=wer OOz = O=0o0O
=11~ 1 OO0 [ = e

fMeaomn=s for group= imn homogseneous=s sub=aeit=s are displawed.

= L == Harmonmnic Meaeanmn Sample SiEse o= e e Y e



[ = R T ="E_2 = o =2 ol NE_3

sk ==t T
== = OO s
Eroilesr Teaeo=s r-1 a
CoLars e = Eroiler o= -1 = ===
Broiler OS> = e = N ]
Broile=r O= 3= = OSSO o
Eroiler o= 2 = = ]
Broiler o= = LS SO
Eroiler O e = i Rl N ]
=1r= (= ]
M m=mrrm=s Tor aOQrouaEe= im hhormaogsnmase o= Subsats =anrs
= == ol
= L =sae=s FHarrmonic Meammn SarmEle Sismae = = oo
Antinutritional factors results
Phytate
Subset for alpha = 0.05
Laver M 1 ] 3 4 5 [
Duncan?® Layer FOOS 2 21.8882
Layer FOO2 2 160.5570
Layer FOOG 2 181.1594
Layer FOO4 2 26¥.7290
Layer FOO11 2 229.2076
Layer FOO12 2 427 .5295
Sig. 1,000 1.000 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = Z.000.
Tannin
Subsetfor alpha = 0.05
Laver I 1 E] 3 4 5
Duncan® Layer FOO4 2 29 1800
Layer FOO11 2 G0 4550
Layer FOOG 2 TS5.2200
Layer FOOS 2 101 . 6550
Layer FOO2 2 242.23200
Layer FOO1 2 2 255.4200
S5ig. 1. 000 1. 000 1.000 1. 000 a7

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.000.

Phwtate
Subsetfor alpha = 0.05

Broiler Feaed ) 1 =2 3 4
Duncan® Broiler FOO2 2 179.5300

Eroiler GO 4 2 199 4700

Eroiler FOOS 2 219.7900

Broiler S005 2 222.2200

Eroiler GOO0S 2 2e82.2600

Eroiler Sooz 2 3220150

Sig. 052 rre 1.000 1.000
Means for groups in homogenseous subsets are displayed.

a. UUses Harmonic Mean Sample Size = 2.000.
Tanin
Subsetfor alpha = 0.05

Broiler Fead rd 1 = 3 4
Duncan® BEroiler 005 2 4.12300

Eroiler FOOS 2 2.32000

Eroiler S002 2 2.2900

Broiler GOO0OS 2 43.2950

Braoiler GO 4 2 132 2900

Broiler FOOZ2 2 302600

Sig. = 1.000 1.000 1.000

Means for groups in homogensous subseaets are displaved.

a. Uses Harmonic Mean Sample Size

-
2.

ooo.




