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Abstract

Feeding chickens is currently less expensive than feeding other livestock. It was
discovered that the price of chicken feeds might be decreased by using unusual
(cheap) local ingredients to create the least expensive feed composition with the use
of computer software. When using these feed materials in the composition of feed,
extra nutrients must be included, like, toxin binders, amino acids, micronutrients and
some others. The majority of broiler and layer enterprises were found to be using
amino acids over the levels recommended, with minimal influence on output and
detrimental consequences on profitability. Although there are anti-nutritional
elements and a reduced level of digestibility in typical feed components, there is little
utilization of unconventional feed ingredients. This study looks at the use of low-cost
feed ingredients to reduce feed costs while raising feed quality and output, and it also
highlights the function of computer software in feed formulation
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INTRODUCTION

To lower the cost of feed, it is necessary to advance scientific understanding
of the use of inexpensive locally available agro-industrial byproducts and also have
knowledge regarding feed formulation software [1]. Any effort to lower the cost of
feed could result in a considerable decrease in the total cost of production since feed
accounts for 60 to 70 percent of all production costs [2]. Due to their mono-gastric
nature, chickens lack the enzymes necessary to break down complex carbohydrates
including cellulose, hemicellulose, and lignin [3]. Since complex carbohydrates make
up a large portion of fibrous by products, it is important to identify strategies to better
utilize these materials so that they can be added to poultry feed without having a
negative impact on the health and productivity of the birds [4]. Broilers, backyard
poultry, and Japanese quails can all be produced economically using locally
accessible materials. Therefore, it was thought that these byproducts should be
evaluated for economical poultry feeding to produce more meat and eggs at a lower
cost in Pakistan or whole world [5]. Low cost poultry breeding is a windfall for
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marginal farmers because of the anticipated increase in demand for eggs and meat.
The demand for traditional feed ingredients to feed chickens is always rising. The
cost of production has significantly increased due to the inclusion of these feed
components in chicken feed [6]. By using computer software like excel for feed
formulation and utilizing inexpensive by-products that are readily available locally
may help the end users by lowering the cost of feed, which can therefore lower the
overall cost of producing meat and eggs and make them more readily available at
lower prices in rural areas of Pakistan [7]

Meat Fish meal, and groundnut cake, bone meal, , soybean meal and other old-
fashioned resources of proteins and vitamins used in feed of Poultry are getting more
expensive in developing nations [8]. Due to the rising cost of raw resources and the
intense competition with humans for the same foods, there is not an enough supply
of these ingredients for feed [9]. Therefore, in order to lower the cost of feed, the quest
for alternative feed sources has become necessary [10]

Now a days in Pakistan the rate of feed is so high just because of availability of
soya bean so we should replace soya bean keeping in a view the anti-nutritional factor
which are elaborated by the NRC [11].

Present condition of Poultry sector in Pakistan

Pakistan is currently the eighth-largest producer of chicken in the world because
to significant upgrading of the industry. Poultry production in Pakistan accounts for
1.4% of Pakistan's GDP and 32.7% of all meat consumed in the nation (Economic
Survey, 2017-18). Developing least cost feed formulations methods to minimize the
feed cost is main focus for researchers of Pakistan. Our objective is to create solutions
for least cost feed formulation by using feed formulation software and replacing high
cost ingredients with low cost. In this review we will find out the ways of minimizing
feed cost which may help farmers for good production and cost effectives will provide
longevity to their businesses [12].

Feed consumption in Pakistan

In Pakistan, there is currently an estimated 6.4 million tons of demand for
chicken feed (PPA Pakistan) [13]. When compared to 2017-2022, the consumption
of poultry feed increased from 40% to 50%. The rise of the feed business in Pakistan
has been credited to the boiler industry, which benefited greatly from the presence of
integrators (who made up 70% of the whole industry) and a compressed production
cycle. As a result, the sector has become more reasonable and efficient using feed.
Compound feed is used in the broiler industry 90% of the time. The usage of
compound feed, which ranges from 5% to 25% in the egg layer industry, is
significantly underutilized. Although there are already 23 million tons of eggs
consumed, the overall feed need is estimated to be 2 million tons. Future expansion
of the feed industry has a bright outlook thanks to the egg-laying sector[14]. The
overall feed demand is predicted to be between five and six percent when taking into
account the egg business. There are large prospects for compound feed demand in
the foreseeable future in the egg sector. Egg layer farming will be integrated backward
into feed millings when farms combine and expand in size over time [15].

Reason behind the rates of Feed in Pakistan

Feed is a big input, and the cost of feed is a major limitation, but it also provides
a vital tool for controlling production costs and turning a business profitable [16].
The poultry diet contains a substantial amount of cereals and edible oil seed meals,
which directly compete with human consumption. Because there is nearly no more
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room for agriculture, the availability of feed resources could be one of the biggest
obstacles to increasing poultry production in the future. Therefore, more cautious
methods should be used to maintain the poultry business in the cutthroat market,
including lowering production costs, creating safe and high-quality goods to suit
consumer demand, and ensuring the welfare of the birds[17]. Again, there are many
factors that affect feed production, including recurrent monsoon failure, low
productivity, insects, weeds, environmental concerns, cost effectiveness,
sustainability, and dwindling agricultural land. Farmers are additionally encouraged
to switch to producing cash and commodity crops. These elements contribute to the
declining trend in chicken feed ingredient output over the past few years and the rise
in demand, which drives up the price of feed ingredients The cost of feed materials
(such as corn and soy meal) has recently increased significantly, reaching record
highs, and the feed business has been suffering due to an overstock of products in the
market. For instance, the typical commercial broiler farm's average production costs,
which were in the range of Rs. 55-60/kg in 2013, grew to more than Rs. 65-70/kg
in 2015 [18].
Available replacement of Feed Ingredient

All three poultry production systems have access to a large variety of alternate
feedstuffs. Traditional family poultry systems (scavenging and backyard) and the
semi-commercial system have the best chance of effectively utilizing these feedstuffs.
The semi-commercial technique allows for the mixing or diluting of purchased feeds
with locally accessible, alternative feedstuffs because only a portion of the feed
demand is acquired from commercial compounders. Alternative feedstuffs can be
used in local, low-input family poultry systems to complement the scavenge feed base
[19-22].
Sources of Energy

The country's main energy source, maize, has been getting more readily
available, albeit at a slower rate than the expansion of the livestock and poultry
industries. In order to fulfil the need, mixtures of corn with other ingredients,
particularly sorghum, finger millet, and pearl millet, could be tried. The development
of the poultry sector 1s supported when these cereals are combined at a level of 25 to
33 percent. The use of various oilseed and cereals filtrate has been shown to be
beneficial. Additionally, these grain can be utilize safely as a component or the sole
diluent of the concentrate of protein and mineral used in feed of broiler during the
end of flock. Morever, there are alternatives to maize such as, rice polish, broken rice,
de-oiled rice bran, maize germ maize grit, meal, undersized wheat, maize germ cake
dried distillery, grain ghee residue, etc. The use of edible oils and fats significantly
contributes to the replacement of maize as a source of energy. Recently developed
energy sources, such as the variety of bio fortified maize currently on the market,
may meet the limited amino acid requirements of real maize grain [23-25].
Sources of Protein

Due to its high protein content and easy digestion, soya bean meal is the
primary source of protein for chicken feed in Pakistan. Utilizing other protein sources
could lower the price of the protein supply [26]. Soya bean meal was replaced with
rapeseed meal and sunflower seed meal, each at a 10 percent level, to support broilers'
optimal growth and profit margin. The 75:25 ratio of ground nut meal to Niger meal
was shown to be suitable for producing eggs profitably. Nevertheless, there are
certain restrictions on employing mustered cake (glucosinolates, tannins, erucic acid,
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colour, etc.), sunflower cake (high fibre), safflower cake (high fibre, low availability),
niger cake (export and cost competitiveness), and ground nut cake (aflatoxin, fibre
and cost). Guar meal, cotton seed meal, sesame meal, rice gluten meal, and other
potential byproducts could all be employed in the production of chicken [27,28]. Due
to the high cost and lack of good grade fish meal, the usage of fish meal has been
restricted. The additional animal protein feed ingredients are also available for
chicken feed and include meat cum bone meal (42 to 55% protein and 3 to 7% P),
meat meal (65 to 75% protein), and blood meal (78 to 82%). Even poultry
slaughterhouse waste meal can be substituted for soya bean meal in diets safely up to
5%. [29,30]
Constrained and Opportunity in Poultry industry of Pakistan

In addition to exact nutrient supply and maximizing nutrient utilization from
those accessible feed resources, the cost of feed depends on the availability of feed
stuffs in the needed quantity and their prudent use. In general, the price of chicken
feed is determined by the availability and cost of maize and soy. In India, it is
necessary to use locally accessible feed ingredients of one or more in least expensive
feed mixing due to the paucity of both maize and soys bean meal at reasonable prices.
However, due to a lack of valid information on their nutritional quality, feeding
value, and safe or effective levels of inclusion in different types of chicken feed, only
a smaller number of raw materials are employed in the formulation of poultry feed.
To meet customer demand, the feed industry needs a steady supply of any novel feed
resource with consistent quality. A significant amount of precision and dependability
has been assessed in the basic data base for maize, soy bean meal, ground nut
extraction, and fish meal, but there is less information available for other feed items.
Only research institutes have access to the nutritional value, toxicants, amino acid
value, safe inclusion level, and metabolizable energy of numerous substitutes for
maize and soya bean meal either alone or in combinations, not poultry nutritionists
and farmers (FAO, 2004). Regarding non-starch polysaccharides and anti-nutritional
elements, cereal byproducts and oilseed residues are likewise not an exception. Along
with delayed production of eggs and meat, the diet's low and fluctuating
concentration of metabolizable energy, high levels of fiber, and anti-nutritional
substances may cause poor conversion efficiency. A higher volume of undigested
nutrients excreted through excreta might occasionally result in a high level of indoor
ammonia generation along with other environmental issues. Therefore, greater
attention should be paid to improving nutritional availability and digestion in the gut
of poultry [30-33].
Least cost feed formulation by using feed formulation software

When F.V. Waugh published a paper titled "The Minimum-Cost Dairy Feed"
in 1951, it marked the first time a computer was used to formulate feed. The first
book on computer-based formulation was "Linear Programming and Animal
Nutrition," written by Dent & Casey in 1967. When computers became accessible to
major enterprises, the feed industry began using them in the 1970s for practical feed
formulation. Later, when personal computers were made commercially available in
the 1980s, the use of computers for feed formulation grew. Nowadays, it is quite
uncommon to formulate feed without using computers [34, 35]. Based on specified
inputs, this research compares six distinct feed formulation software programmers.
The calculation time for formulating feeds can be reduced as computer power
increases. There are numerous traditional and unconventional feed formulation
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techniques. The traditional approaches include the square method, the two by two
matrix method, the trial-and-error approach, and the simultaneous equation
approach. Following this, new techniques like goal programming, least-cost
formulation, stochastic programming, and non-linear programming were introduced.
The best way to use depends on the goal that feed was designed to achieve, such as
optimizing egg production or minimizing COsts.

Different feed standard tables should be taken into consideration for different
breeds of Poultry when formulating feed. The amount of nutrients needed varies
depending on the bird's category, age, and weight. Dealing with restrictions is one of
the main challenges while developing any mathematical model or linear model

RESULT AND DISCUSSION

The cost of the feedstock is significantly affected by even the smallest change in the
limitation. Finding the proper values for limits is therefore crucial, and employing
software designed to calculate nutrient requirements makes this task simple [35-37].
The below formulation is done by a software

Feed Ingredient | Ratio in kg |
Whole maize 10
Maize germ 16.7
Wheat pollard 13.3
Wheat bran 10
Cotton seed cake 6
Sunflower cake 4.7
Soya meal 3.4
Lime 2
Fishmeal 3
Bone meal 0.04
Grower PMX 0.001
Salt 0.005
Coccidiostat 0.005
Zincbacitrach 0.005
Figure 1

Formulation done by use of software
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Purpose of Feed formulation

The goal of feed formulation is to create a balanced diet that will give the bird the
right amounts of nutrients that are biologically available to it. Formulations include
supplements to supply minerals, vitamins, and particular amino acids in addition to
energy and protein. All diets need to include these supplements since they offer the vital
elements required for health and performance. Additionally, a wide variety of non-
nutritive ingredients that may not be necessary but have a significant impact on
performance and health are included in contemporary feed formulas. The necessity of
their participation is frequently obvious: Their effectiveness must be taken into account
as a key element when choosing these additions. Only a little amount of feed supplements
and additives are utilized, therefore it's crucial that they're thoroughly combined with the
other ingredients to ensure an even distribution [37-40].
Nutritional Need of Bird

Nutrient requirements are difficult to define since they are always changing and
influenced by a variety of circumstances [41,42]. There are two primary categories of
factors that affect nutrient needs: those that are specific to the bird, such genetics, sex,
and the kind and stage of production; and those that are external, including the thermal
environment, stress, and husbandry circumstances. Accuracy in both domains is required
for precision in specifying criteria. The increased homogeneity of genotypes, housing,
and husbandry procedures across the poultry business has enabled significant
advancements in the characterization of nutrient requirements for different classes of
fowl. Accepting the idea of an ideal protein has made defining requirements for the 10
necessary amino acids simpler. The requirements for amino acids are similar to those for
other nutrients. Influenced by a number of variables, such as heredity, sex, physiological
state, environment, and state of health. The relative proportion of the various amino acids
does not, however, typically alter as the amino acid requirements do. This allows for the
expression of actual changes in amino acid requirements in relation to a balanced protein
or ideal protein. Lysine serves as the reference amino acid in the concept of an ideal
protein, and the amounts of other required amino acids are specified as percentages (or
ratios) of the lysine requirement. The benefit of this technique is that it allows for the
calculation of the requirements for the other essential amino acids after the lysine
requirements for various situations have been established. Setting the amino acid
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requirements for feed formulations in the poultry sector has now become standard
procedure [43,44]
Balanced Protein with economic price

Lowering the level of balanced protein generally lowers the cost of feed per tonne
while simultaneously lowering productivity and profitability [45,46]. In order to provide
broilers with the proper minimum levels of necessary and non-essential amino acids, the
balancing protein concept is a practical application of the Ideal Amino Acid profile. The
Ideal Amino Acid Profile creates a precise profile by applying minimum and maximum
values to each individual amino acid, which is not always possible in actual commercial
broiler feed formulations. The Ideal Protein principle is put to use in Balanced Protein
[47,48].
Future Demands

Given the demand for key ingredients in chicken feed, such as soya bean meal and
maize, as well as the growing rate of the poultry industry in our nation, more effort should
be put into finding alternative feed sources that are both high-quality and readily
accessible. It should be done methodically and made available to all nutritionists and the
farming community to assess data bases on feeding values, including nutritional value,
availability of nutrients, and safe degree of incorporation of alternative and newer feed
resources. For the efficient use of the more recent feed resources, identification of
incriminating variables and their detoxification processes should be done at all levels of
study. The main issue, however, is the current dearth of processing, transport, cold chain,
and storage facilities. High feed costs can translate into greater production expenses,
which raise pricing. Another issue is the absence of quality standards, which makes
people more susceptible to illness epidemics.

CONCLUSION

The ability to influence feed costs and broiler realizations is limited, so poultry
integrators continue to concentrate on increasing productivity by experimenting with
feed mixtures, use of Feed formulation software, reducing mortality rates through
improved farm management and medication, and making constant improvements to
other operational parameters like hatchability, average daily weight gain, and
minimizing selection gaps. These procedures may be necessary, but they result in
quality being compromised. To increase production, improve quality, and increase
outputs, specialized systems, upgrades, and existing facilities are required.
Unconventional feed sources are inexpensive and readily available locally, allowing
for maximum inclusion without endangering the health of the birds. When the
demand for conventional feed ingredients increases, we can switch to formulating
feed by using unconventional feed ingredients with a high level of safety inclusion to
boost production profits. The most affordable feed formulation with a balanced
protein content also aids in proper nutrient absorption and produces good results and
this kind of formulation can be done by use of software as it gives positive results.

https://ajhsjournal ph/index.php/gp 100



BIBLIOGRAPHY

[1]

[2]

[3]

[4]

[10]

[11]

[12]

[13]

[16]

[17]

Balakrishnan, V. 2004. Developments in the Indian feed and poultry industry
and formulation of ration based on local resources. Animal production and
Health. FAO, Rome, 2004. Pub. No. p. 215.

Chandrasekaran, D. 2014. Juvenile Broiler Nutrition. Department of Animal

Nutrition, Veterinary College and Research Institute Tamil Nadu Veterinary

and Animal Sciences University, Namakkal. 637 002.

FAO, Food and Agricultural Organization. 2004. Protein sources for the

animal feed industry. Proceedings of the expert consultation and workshop.

Bangkok, 29 April-3 May 2002. Rome.

FAO. 2011. Main ingredients used in poultry feed formulations. Poultry

Development Review, Food and Agricultural Organization, Rome, Italy.

GOIL. 2014. India Ministry of Agriculture, Department of Animal Husbandry,

Dairy and Fisheries and State Animal Husbandry Departments, 2014.

Kellems, R.O. and Church, D.C. 2010. Livestock feeds and feeding. Boston,

Massachusetts, USA, Prentice Hall.

Leeson, S. and Summers, J.D. 2005. Commercial poultry nutrition, 3rd edition.

Nottingham, UK, Nottingham University Press.

NRC., 1994. Nutrient requirements of poultry. Ninth revised edition.

Washington, DC, National Academy Press.

Ravindran, V. and Blair, R. 1991. Feed resources for poultry production in Asia

and the Pacific. I. Energy sources. World’s Poultry Science Journal, 47: 213—

231.

Ravindran, V. and Blair, R. 1992. Feed resources for poultry production in Asia

and the Pacific. II. Plant protein sources. World’s Poultry Science Journal, 48:

205-231.

Ravindran, V. and Blair, R. 1993. Feed resources for poultry production in Asia

and the Pacific. ITI. Animal protein sources. World’s Poultry Science Journal,

49: 219-235.

Swain, B.K., Naik P.K. and Singh N.P., 2014. Unconventional feed resources

for efficient poultry production. Technical bulletin No. 47, ICAR — ICAR

research complex for Goa.

The poultry site, 2015. Indian Poultry Feed
Market.
[accessed:http://www.thepoultrysite.com/poultrynews/35346/indianpoultr

yfeedmarkettogrowat78perce ntincomingyears

West, J. W. 1955. “Cottonseed Meal as a Substitute for Soybean Oil Meal in

Poultry Rations.” Poultry Science 34: 547-553. doi:10.3382/ps.0340547

Van Harn, J., M. A. Dijkslag, and M. M. Van Krimpen. 2019. “Effect of Low

Protein Diets Supplemented with Free Amino Acids on Growth Performance,

Slaughter Yield, Litter Quality, and Footpad Lesions of Male Broilers.” Poultry

Science 98: 4868—4877. doi:10.3382/ps/pez229.

Swanson, E. R. 1955. “Solving Minimum-Cost Feed Mix Problems.” Journal

of Farm Economics 37: 135-139. doi:10.2307/1234090.

Sosulski, F. W., and G. I. Imafidon. 1990. “Amino Acid Composition and

Nitrogen-to-Protein Conversion Factors for Animal and Plant Foods.” Journal

of Agricultural and Food Chemistry 38: 1351-1356. do1:10.1021/;f00096a011.

https://ajhsjournal ph/index.php/gp 101



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Smith, T. K., and L. D. Campbell. 1976. “Rapeseed Meal Glucosinolates:
Metabolism and Effect on Performance in Laying Hens.” Poultry Science 55:
861-867. doi:10.3382/ps.0550861.

Slominski, B. A. 2011. “Recent Advances in Research on Enzymes for Poultry
Diets.” Poultry Science 90: 2013-2023. doi:10.3382/ps.2011-01372.

Sklan, D., and I. Plavnik. 2002. “Interactions between Dietary Crude Protein
and Essential Amino Acid Intake on Performance in Broilers.” British Poultry
Science 43: 442—449. doi:10.1080/ 00071660120103710.

Singh, P. K. 2008. “Significance of Phytic Acid and Supplemental Phytase in
Chicken Nutrition: A Review.” World’s Poultry Science Journal 64: 553-580.
doi:10.1017/50043933908000202.

Sibbald, I. R. 1986. “The T.M.E. System of Feed Evaluation: Methodology,
Feed Composition Data and Bibliography.” Technical Bulletin 1986-4E.
Ottawa, Canada: Agriculture Canada.

Pesti, G. M., R. A. Arraes, and B. R. Miller. 1986. “Use of the Quadratic
Growth Response to Dietary Protein and Energy Concentrations in Least-Cost
Feed Formulation.” Poultry Science 65: 1040-1051. doi:10.3382/ps.0651040.

Pesti, G. M., R. A. Alhotan, D. V. Vedenov, E. Thomason, and R. I. Bakalli.
2016. “Windows User-Friendly Feed Formulation, WUFFDA.”
https://cfas.ksu.edu.sa/en/node/3373

Pesti, G. M., D. Vedenov, J. A. Cason, and L. Billard. 2009. “A Comparison
of Methods to Estimate Nutritional Requirements from Experimental Data.”
British Poultry Science 50: 16-32. doi:10.1080/00071660802530639.

Pesti, G. M., and R. A. Alhotan. 2014. “The History (And Future) of Feed
Formulation.” Paper presented at the annual meeting of the Mid-Atlantic
Nutrition Conference, College Park, MD.

Pesti, G. M., and H. M. Edwards Jr. 1983. “Metabolizable Energy
Nomenclature for Poultry Feedstuffs.” Poultry Science 62: 1275-1280.
doi:10.3382/ps.0621275.

Paulding, S. Y., G. M. Pesti, and B. R. Miller. 1986. “Economics of
Substitution and the Use of Full-Fat Soybeans in Broiler Diets.” Poultry
Science 65: 262-269. doi:10.3382/ps.0650262.

Miller, B. R., G. M. Pesti, and C. C. Chou. 1983. “Two Methods of Including
the Extra-Caloric Effect of Fat in Minimum Cost Feed Formulations.” Poultry
Science 62: 1734-1740. do1:10.3382/ ps.0621734.

Mavromichalis, 1. 2020. “Animal Feed Formulations Library”. Feed Strategy.
https://www.feedstrat egy.com/animal-feed-formulations/

Mateos, G. G., L. Camara, G. Fondevila, and R. P. Lazaro. 2019. “Critical
Review of the Procedures Used for Estimation of the Energy Content of Diets
and Ingredients in Poultry.” Journal of Applied Poultry Research 28: 506-525.
doi:10.3382/japr/pfy025.

Mariotti, F., D. Tomé, and P. P. Mirand. 2008. “Converting Nitrogen into
Protein- beyond 6.25 And Jones’ Factors.” Critical Reviews in Food Science
and Nutrition 48: 177-184. doi:10.1080/ 10408390701279749.

Likuski, H. J. A., and H. G. Dorrell. 1978. “A Bioassay for Rapid
Determination of Amino Acid Availability Values.” Poultry Science 57: 1658.
doi:10.3382/ps.0571658.

https://ajhsjournal ph/index.php/gp 102



[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Lemme, A., V. Ravindran, and W. L. Bryden. 2004. “Ileal Digestibility of
Amino Acid in Feed Ingredients for Broilers.” World’s Poultry Science Journal
60: 423-437. doi:10.1079/WPS200426.

Fisher, W. D., and L. W. Schruben. 1953. “Linear Programming Applied to
Feed-Mixing under Different Price Conditions.” Journal of Farm Economics
35:471-483. doi:10.2307/1233362.

Firman, J. D., and S. D. Boling. 1998. “Lysine: Ideal Protein in Turkeys.”
Poultry Science 77: 105-110. do1:10.1093/ps/77.1.105.

Elwinger, K., C. Fisher, H. Jeroch, B. Sauveur, H. Tiller, and C. C. Whitehead.
2016. “A Brief History of Poultry Nutrition over the Last Hundred Years.”
World’s Poultry Science Journal 72: 701-720.
doi:10.1017/5004393391600074X.

EFG SOFTWARE. 2021. “EFG Broiler Growth  Model.”
http://www.efgsoftware.net

Dougherty, J. 1923. “Protein—Its Value for Poultry.” Poultry Science 2: 85—
89. doi:10.3382/ ps.0020085.

Dean, D. W., T. D. Bidner, and L. L. Southern. 2006. “Glycine
Supplementation to Low Protein, Amino Acid-Supplemented Diets Supports
Optimal Performance of Broiler Chicks.” Poultry Science 85: 288-296.
doi:10.1093/ps/85.2.288.

Alhotan, R. A., G. M. Pesti, and G. J. Colson. 2014. “Reducing Crude Protein
Variability and Maximizing Savings When Formulating Corn-Soybean Meal-
Based Feeds.” Journal of Applied Poultry Research 23: 456-469.
doi:10.3382/japr.2013-00934

Alhotan, R. A., and G. M. Pesti. 2016. “Quantitative Estimates of the Optimal
Balance between Digestible Lysine and the True Protein Contents of Broiler
Feeds.” British Poultry Science 57: 538-550.
doi:10.1080/00071668.2016.1180666.

Aftab, U., M. Ashraf, and Z. Jiang. 2006. “Low Protein Diets for Broilers.”
World’s Poultry Science Journal 62: 688—701. doi:10.1079/WPS2005121.
Aftab, U. 2019. “Energy and Amino Acid Requirements of Broiler Chickens:
Keeping Pace with the Genetic Progress.” World’s Poultry Science Journal 75:
507-514. doi:10.1017/50043933919000564.

Adedokun, S. A., and O. Adeola. 2013. “Calcium and Phosphorus
Digestibility: Metabolic Limits.” Journal of Applied Poultry Research 22: 600—
608. doi:10.3382/japr.2013-00740.

“Feedipedia, Animal Feed Resources Information System, INRA, CIRAD,
AFZ and FAO.” [2012] 2019. https://www.feedipedia.org/

The poultry site, 2007. Economic approach to broiler production [accessed:
http://www.thepoultrysite.com/articles/894/economicapproachtobroilerpro
duction].

Wiseman, J. 2006. High energy diets for poultry — effects of diet composition
on performance and carcass quality. In J. Wiseman & P.C. Garnsworthy, eds.
Recent developments in non-ruminant nutrition, pp. 193-212. Nottingham,
UK, Nottingham University Press.

https://ajhsjournal ph/index.php/gp 103



Copyright holders:
Hrishitva Patel, Abdul Samad (2022)

First publication right:
AJHS - Asian Journal of Healthy and Science

This article is licensed under a Creative Commons Attribution-ShareAlike 4.0
International

https://ajhsjournal ph/index.php/gp 104


https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

