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Foreword

In developed market economics with intensive animal production systems, such as
The Netherlands, many new feedstuffs have been introduced as part of the diets of
ruminant and monogastric animals. These new feedstuffs are often by-products of
human food processing. It is important that these by-products and also the by-products
from wastes are properly evaluated with regard to the possibilities of incorporating
them into livestock diets.

Research on the subject of feed from waste, its processing and its use in the nutrition
of poultry has increased considerably during the last decade. The Department of Animal
Sciences, Animal Nutrition Group of Wageningen University (WU), Wageningen, The
Netherlands in close co-operation with the Poultry Feeding and the Processing Industry
has been active in this field.

In order to update research and to expedite further work in this field a comprehensive
review of the literature on this subject of feed from waste was made. Such a study
would not only bring the industry up to date on the subject but could also indicate
specific topics which may be of great value for developing market economics.
Poultry scientists and technologists suggested that a review would fill a need as a
reference and textbook not only for the industry but also for undergraduates and
graduates of agricultural colleges and extension services all over the world.

The theories developed and results obtained from the research in our Department
are included in the various chapters of this book. A list of relevant references, with
emphasis on papers and reviews giving a comprehensive citation of literature, has been
provided for students and investigators who may wish to make a detailed study on
various aspects of feed from waste as a feedstuff. Particular consideration has been
given to the evaluation of research results obtained in the past and to the problems
remaining to be solved.

The continuous efforts of Prof. Dr. ir. A.R. El Boushy, Prof. Emeritus in poultry
nutrition and Dr. ir. A.F.B. Van der Poel, senior lecturer in animal feed science and
technology, who are both members of the Department of Animal Sciences, Animal
Nutrition Group, Wageningen University, Wageningen, The Netherlands, in writing this
book are greatly appreciated.

On behalf of the Wageningen University (WU), Wageningen, The Netherlands, we
are indebted to research workers throughout the world who have conducted the research
from which the results and the principles outlined in this book are derived.

Professor Dr. ir. M.W.A. Verstegen Professor Dr. ir. S. Tamminga
Monogastric Nutrition Ruminant Nutrition



Preface

Much of the world’s human population suffers from malnutrition. In the developing mar-
ket economics in particular this is a great problem and the gap between the developed
and developing regions tends to increase rather than to decrease. Accordingly, much
effort is being made to study the possibilities of utilizing agricultural, animal and
industrial waste in the nutrition of poultry. As a consequence, this can be a reduction in
the use of traditional feed ingredients such as maize, wheat and soybeans that can also
be consumed by humans. By using converted biological waste as an animal feed, a new
industry and market can be established and pollution can be lowered in developing as
well as developed countries. This may be reflected in the national income. Beside this,
low-cost poultry meat and eggs will be available and will assist in reducing hunger by
lowering the competition between humans and poultry for food. In recent years several
books have been published on various aspects of non-traditional feed. However, a
comprehensive study in this field of processing and poultry nutrition has not been
published previously.

This book has been written to describe the potential of nutrient recovery from
wastes such as poultry manure, slaughter waste, sludge recovered from wastewater,
tannery waste, municipal waste, fruit and vegetable wastes and their integration in
poultry feeding systems.

Numerous processing methods, technologies and systems (dehydrations, chemical
and mechanical treatments, biodegradation to improve the nutritive value by using
insects and earthworm cultures and other complex recycling systems) are described
as potential methods to manufacture feed from waste depending on the origin of
the waste material. Results are described and evaluated according to their chemical
analysis, nutritive value, reliability, applicability and use as a feedstuff for poultry.
Industrial processes involving the regular application of treatments of the original
product as well as the conversion of the wastes into protein or carbohydrate sources
are described.

Since the sensory quality of feed ingredients has a considerable influence on feed
consumption in poultry, a separate chapter deals with the palatability of feed from
waste. In addition to the appearance and texture of feed ingredients as components of
sensory quality, special attention has been paid to taste. The ability of the birds to taste
with a physiological and histological background, has been discussed in detail. The use
of high intensity sweeteners to improve palatability of waste is also discussed.

This book has been written to serve as a text-book for undergraduates, a ready
reference and text book for graduate students, and a source of information for the
research worker, the practical nutritionist and technologist. This book can also be of
considerable value for teaching, in extension work and providing advice concerning
the technical aspects to the feed industry and related agribusiness.



Xii

The selected lists of references at the end of each chapter provide the reader
with a maximum entry to the literature covering the extensive research reports on
processing and nutrition. Comprehensive compilation of the literature was minimized
and the presentation of literature data was based on interpretation or correlation of
research findings.

The authors are indebted to research workers throughout the world who have
initiated the experimental and practical research from which the principles outlined
in this book are derived.

We wish to thank and acknowledge our colleagues of Wageningen University,
Wageningen, The Netherlands for their kind help during the writing of this book. We
like to express our sincere appreciation to Mrs T.M.S. El Boushy for typing the whole
manuscript and to Mrs Y.S. Abeln, member of the Centre for Agricultural Publishing
and Documentation, for her continuous supply of literature and documentation. Special
thanks to the head of the Sector of Animal Production Mr J. Wien and his staff
members, Mr W.J.A. Valen for taking the photographs and Mr K. Boekhorst for the
excellent drawings and lay-outs delivered. For the library facilities the efficient support
of Mrs A.M. Zijlmans and Mrs L. M.T. Zeeuwen is acknowledged. The computing work
of the F.A.O. data was made possible with the continuous support of Ing. P.L. van der
Togt.

The authors acknowledge the publication of this book and are convinced that it can
serve as a text-book, a research reference and a useful guide to feed from waste, and its
processing and use as a feedstuff for all classes of poultry.

A.R. El Boushy
A.F.B. van der Poel
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1. THE BENEFIT OF FEED FROM WASTE

Contents
1.1 General Introduction |
1.2 Analytical studies and Estimates of Food and Waste Production S
1.2.1 Analytical Studies 5
1.2.2  Data Handling 6
1.2.3 Particular Items Derived from FAO Statistics 8
1.3 Benefits Derived from the Use of Feed from Waste 13
1.3.1 Environmental Sanitation 14
1.32 Livestock Health and Productive Agriculture 14
133 Secondary Rural Industries 14
1.3.4  Price Structure 15
1.3.5  Creation of New Employment 15
1.3.6 Reducing Imports of Feedstuffs (Foreing Currency) by
Upgrading Local Waste 15
1.4 Increase of Population and the Shortage of Food Supply 17
14.1 Population 17
1.4.2 Food Supply 19
1.43  The Race Between Food and Population 20
1.4.4  The Increase of Waste 23
1.5 The Role of the Developed Countries Towards the Developing Ones 25
1.6 Conclusion 27
References 28

1.1  GENERAL INTRODUCTION

Advances in technology have resulted in an improved standard of living in many
parts of the world. Because of differences in rate of population growth, developed
countries have benefited most from these developments. Developing countries are also
demanding an improved standard of living and, for these countries, the first condition
to be improved is the supply of an adequate diet. However, the failure of crops owing
to adverse weather conditions and invasions of predators as well as a rapid rate of
population growth may cause widespread misery and even death. Unfortunately, this
situation represents an unresolved problem in the third world today (Rolfe, 1976).
Emphasis, therefore, is put on increasing food supplies in traditional as well as other
ways. Traditional ways include the exhaustion of soil and sea to yield more food
with the help of high-yielding crop varieties (hybrids) as well as the use of fertilisers
and irrigation.



In addition to these traditional ways, alertness to the problem of waste disposal and its uti-
lization has been regularly postylated (Inglett, 1973; Birch et al., 1976; El Boushy, 1986;
Boucqué and Fiems, 1988; Boda, 1990; El Boushy, 1990).

Wastes are generated particularly by the agricultural, industrial and municipal segments
of the population, including wholesalers and consumers (Figure 1.1). Nowadays, a
confrontation with the challenge of the processing and disposal of these by-products as
a result of the modern industrialization is taking place. The utilization of such waste
needs urgent investigation because the recycling and reduction of waste can reduce the
pollution and ameliorate the present situation by creating new feeds from waste.

The increasing costs and pressures concerned with waste disposal stress the need for
a reappraisal of the utilization of waste, either directly (as a diet ingredient, such as
citrus pulp or feather meal) or indirectly (upgrading by micro-organisms such as algae,
larvae house-fly, earthworm ezc.), for livestock and poultry feeding. Present-day inves-
tigations therefore must include studies on the management of waste, its technology
and subsequent feeding value for livestock. The rapid change in modern animal and
poultry farming implies scrutiny in the studies on nutritional evaluation with respect
to the target animal species and a low-technology approach. Studies on plant and
process design of specific waste streams or effluent treatment of wastewater involve
nutritional evaluation on digestibility, feeding value, bio-hazards and feasibility for
waste management and utilization. Consequently, scientific increase and constructive
action in view of these objectives has to be generated from various disciplines of
scientific investigation.

Agricultural waste originates from the primary agricultural production (plant products
such as straw, culls, leaves, press cakes), from intensive farm production (animal and
poultry by-products - as manure) and from livestock processing plants (by-products
of slaughtered animals and tannery). All these materials merit consideration to be con-
verted to animal and vegetable feedstuffs from which poultry and animals will produce
eggs, milk, meat, etc. for the welfare of humankind. The upgraded animal waste can be
considered as relevant new feedstuffs to be included in the category of agro-industrial
by-products. Alternatives are its use as fuel from manure (methane), as fertilizer, or its
use as a substrate for microbial fermentation processes (wastewater treatments of citrus,
winery, tomato and potato to generate [activated] sludge).

Especially the use of animal or vegetable and fruit wastes in animal and poultry
nutrition represents a valuable means of the indirect production of feed from waste.
Despite of the obvious potential, the utilization of feed from waste in diet formulation
until now has been negligible owing to constraints imposed by several nutritional
and technical considerations. Present investigations, therefore, have to concentrate on
the factors limiting the use of these feedstuffs, originating from waste in animal feed
formulation. The nutritional and technical aspects are outlined in Table 1.1.
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Table 1.1  Factors limiting the use of feed from waste in feed formulation. (Modified after Ravindran
and Blair, 1991)

Nutritional aspects
- Variability in nutrient level and quality
(soil, climate [temperature; rain], variety, harvest method, processing)
- Presence of naturally occuring antinutritional and/or toxic factors
(alkaloids, non-starch polysaccharides, glycosids, tartarates, heavy metals)
- Presence of pathogenic micro-organisms
(Salmonellae; present if waste is not processed/sterilized properly)
- Need for supplementation

(minerals, most limiting essential amino acids)

Technical aspects
- Seasonal and unreliable supply (need for storage)
(winery, apple, dates; duration of transport)
- Bulkiness, wetness and/or powdery texture (need for pelleting)
(Brewers’ spent grains; poultry manure, sludge; potato starch)
- Processing requirements (drying, detoxification)
(availability of machinery; knowledge of processing; energy source)
- Lack of research and development efforts (feed industries)
(co-operation developed/developing countries; transfer of knowledge)

Waste disposal routes

Because of their fertilizing properties, animal wastes have been traditionally disposed
by spreading them on the land. However, since the advent of chemical fertilizers,
there has been a significant decline in the use of organic fertilizers, mainly owing to
the costs of transport compared with that of more concentrated fertilizers. However,
other modes of conversion of wastes are possible such as the conversion into feed by
ensilation, dehydration, chemical treatment or fermentation to yield protein biomass.
The estimated recovery from these conversion methods varies widely but the value of
animal wastes as a feed ingredient, for example, appears to be far superior to their other
uses with operating costs for conversion being low (Miiller, 1980).

The means of waste disposal include waste treatment or waste utilization and, in
general, conversion for use directly into food, feed or upgrading by micro-organisms
are efforts to control the disposal of wastes (Rolfe, 1976). Some wastes such as
fish muscle tissue can be readily upgraded for their use directly into food (food or
precursor for food products). This application draws attention to public concern in
general (food grade quality), to microbiological quality as well as to the acceptance
by the consumer.

Other wastes can be converted directly into feed. This means the conversion of
animal or vegetable protein and of minerals into livestock feed for ruminants, pigs and
poultry who will, in turn, provide protein for humans. This application draws attention
to the palatability, digestibility and nutritional value of these products when included



in livestock diets. In addition, health hazards have been considered for the reservations
regarding the feeding of animal wastes are usually based on the potential risks related to
several factors. These factors include the nature of the waste biomass, its high bacterio-
logical activity, the accumulation of antimetabolites, medicinal drugs or feed additives
and other antinutritional excretory products derived from the wastes (Miiller, 1980).
These problems, however, do also relate to conventional feedstuffs. The nutritional as
well as the toxicological evaluation of wastes as an animal feed is therefore a most
relevant one. Finally, when wastes are unsuitable for either of the above uses, they
may be converted into products through their conversion by means of micro-organisms.
Both fermentation (yielding yeast or single cell protein) and ensilage can be used.

The quantitative and qualitative potency of raw materials that are suitable for
the manufacture as by-products varies widely between economic classes and regions
throughout the world. This is a particular reason why a given definition of offal or
of by-product is often vague. The terms by-product and offal are basically used to
denote the parts which are not included in the primary product (often used for human
consumption). Such a primary product is the juice from fruits or the dressed carcass
in the case of a slaughtered animal or poultry. It is noted for example that a group of
organs such as spleen, brains and lungs are edible parts in certain developing countries
whereas they are considered rather inedible in developed ones.

Slaughtery by-products can be divided into primary by-products and secondary ones
(Mann, 1967). The primary products may include hides and skins, feathers, bones and also
hatchery by-products such as infertile eggs and egg shells; the secondary class of
by-products includes a wide range of products manufactured from the primary by-products.
These secondary products include blood meal, blood albumen, egg albumen ezc.

For vegetable products, a sound classification is much more difficult owing to the
divergence of the primary objectives of processing as well as the processing procedure
used (dry versus wet processing) associated with a specific group of fruits/vegetables
such as dates, grapes, tomatoes or potatoes.

In the following paragraphs, some features arc discussed that stress the need for
the conversion of waste materials into feedstuffs. These features include analytical
studies on the production and consumption of populations, of livestock products and
of crops in several years and estimates for the year 2050. In addition, benefits derived
from the use of feeds from waste, the race between food and population, the increase in
the production of waste by-products and the role of the developed countries towards the
developing ones are outlined. Finally, the fact that using feed from waste as a feedstuff
will reduce the competition for food between humans and poultry is discussed.

1.2 ANALYTICAL STUDIES AND ESTIMATES OF FOOD AND
WASTE PRODUCTION

1.2.1 Analytical Studies

Consumption and production of grain, and other commodities and wastes derived from
them are influenced by variables that determine the quantities supplied and demanded



from year to year in developed and developing countries. This section, therefore, has been
set up as a discussion on factors that affect the race between food and population by
analysing production and consumption items over time, and by partitioning the world’s
data over developed and developing countries.

1.2.2 Data Handling

The estimation of data on certain crops and livestock wastes, described in the following
chapters, is based on data published by the Food and Agricultural Organisation (FAO
1971-1991). In an example of livestock products such as eggs, the data gathered from
the FAO production yearbooks will be expressed as eggsF AO_ From these data, other
characteristics have been calculated and these data are indicated in this study in italic
such as egg waste.

All FAO data in a particular item (e.g. populationF AO) have been put to a data file,
when necessary, per country. From this file, additional characteristics have been
calculated to give total values for the developed and developing countries and the world,
respectively. The used conversion factors for the calculation of wastes from FAO data
on, for example, hide production are described below. All data have been used for the
estimates of a certain characteristic in the year 2050 and either the characteristics under
investigation are expressed in certain years (1962, 1975, 1988, 2050) or an estimate is
given on the basis of a time-series approach.

In a time-series approach, projections are made by using a subset of known data in
order to obtain a future estimate. For this objective, a variety of methods is available,
and such will give different results based, for example on the accuracy of the projection,
on the pattern of data and on the time period covered by the known data (Makridakis,
Wheelwright and McGee, 1983).

Population, for example, is of course an important determinant for the consumption
figures throughout the world, and projections for population numbers are useful for ana-
lytical and planning purposes. In order to make population projections, different assump-
tions can be made, providing more or less optimistic estimates for the forthcoming years.
For example, Epperson (1986) gives a low, middle and high population projection based
on different sets of assumptions based on lifetime births per woman, life expectancy
and yearly net immigration. According to these projections, U.S. population by the year
2050 could be anywhere between 231 million and 429 million. This represents quite
a range of possibilities and it is noted that population estimates have been considered
relative to past projections. Bogue (1966) projected the world population increase from
1965 till the year 2000 with a high, medium and low variant (Figure 1.2). Judging and
comparing these variants with the population in 1975 (Boda, 1990), the most accurate
variant for the year 2000 proved to be the one providing a more linear increase and
predicting the lowest population increase. In addition, different computer scenarios have
been used and reported to illustrate the wide range of possible paths for the variable
“population”. Some of these scenarios decline, others characterize a society that has
achieved a stable population with a high and sustainable standard of living until the
year 2100 (Meadows, Meadows and Randers, 1992).
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Figure 1.2.  Projected estimates of world population. (Reproduced with permission from Bogue, 1966
and Boda, 1990).

Taking into account the observation of Boda (1990) as well as the alternative
projections for population up to 2100 (Meadows, Meadows and Randers, 1992),
the estimates for the several characteristics in the study of this book were based on
linear regression, (up to the year 2050). In addition, it is assumed that the variables to be
estimated in this study are based on FAO data which are not all specific or well defined
enough to obtain a specific forecasting accuracy. For example, it is notable that dispari-
ties between the developed and developing countries in the rates of population increase
and the growth of food production remain long-term problems as is, for instance,
also the change in the make-up of the population characterized by its age distribution
(Epperson, 1986). Moreover, the unit of measurements such as the waste percentage
of livestock or crop processing, and the partitioning of total produced product into
fresh eaten and processed products is not always well defined and estimates are used.
Finally, in the long term forecasting when time horizon lengthens to more than fifty
years, the trend element will dominate which is the more general objective of this
study analysis.



The handling of data, therefore, was as follows:
» Time period: FAO data were used from 1961 till 1990 and prediction towards 2050.
e Variables: population, protein and energy consumption, cereals (total cereals, maize
and wheat), soya, consumption of eggs and poultry meat, production of waste
products (slaughtery waste, manure, tannery waste, vegetables and fruit wastes,
respectively). For each item, a partitioning has been made for the total world, the
developed countries and the developing ones, respectively.

Regression analyses were performed using the linear regression program (PROC
REG) of the Statistical Analysis System (SAS, 1985).

1.2.3 Particular Items Derived from FAO Statistics
(a)  Population

The data on population used in this study are generally provided by individual countries
and described the time series of the United Nations’ Demographic Yearbook which are
estimating on total population and indicated as “populationFAO”. For many developing
countries, however, further adjustment on available estimates was sometimes needed
in order to maintain a reasonable degree of consistency in time period estimates and
consistency with data from external sources. The data used in the tables and figures,
therefore, are based on a series of estimates for each country covering a fairly long
period, particularly for developed countries whose demographic statistics are considered
to be reliable.

(b)  Food supply

In the FAO data, the total quantity of feedstuffs or foodstuffs produced in a country
is added to the total quantity imported and adjusted for any change in stocks, and thus
gives the supply available for the reference period. The per caput supply of a food
characteristic available for human consumption is obtained by dividing the food supplies
by the related data for human consumption. Also, the quantities of food available
relate to the quantities of food reaching the consumer but not necessarily to the amounts
of food actually consumed. The latter quantities will be lower owing to household
losses and quantities fed to animals or thrown away.

(c) Poultry and livestock products

Slaughterings, production of (poultry) meat

The data used from tables concerning slaughterings relate to animals slaughtered within
national bounderies, irrespective of their origin. Similarly, data on poultry meat relate to
animals slaughtered (both farm and commercial) in the country concerned, regardless of
the origin of the animal. Poultry meat includes meat from all domestic birds, wherever
possible, based on ready-to-cook weight. Data on poultry meat production reported
by national statistical offices are expressed in terms of either liveweight, eviscerated



weight, ready-to-cook weight or dressed weight. The data on total “poultry meat” from
the FAO include broiler meat, meat from grand parent stock for meat and eggs, as well
as meat from layers that reached one year production or more. Owing to the unspecified
nature of the FAO data, the total “poultry meat” production used in the calculation was
based on the assumption that all meat was derived from broilers. From the “poultry
meatFAO” data, the characteristics poultry meat consumption, production of broiler
slaughtery waste and production of broiler manure, were calculated.

Poultry meat consumption was calculated by dividing the data for poultry meatFAO
by those of populationFAO.

The conversion factor for broiler slaughtery waste was estimated to be 53.8% of
the broiler meat which is similar to 34.3% of the total live weight (El Boushy, 1990;
El Boushy er al., 1990).

For production of broiler manure, the calculation was based on the assumption
that 1 kg of broiler feed will give a production of 1 kg broiler manure (North, 1978).
Broiler meat is estimated to be 63.7% of the total broiler livewcight. Then, a
conversion factor of 100/63.7 = 1.57 has been used to estimate the total production of
broiler liveweight from the data of meat production from broilers (poultry meatFAO),
From these figures one can calculate the total quantity of feed consumed (average feed
conversion = 1.8; North, 1978). Accordingly, the total manure produced was estimated.
It is noted that it is difficult to estimate the total manure production from broilers
without litter because the number of broilers kept in cages and on floor is not classified
separately in the FAO data.

Egg production

Some countries have no statistics on egg production, and estimates have been derived
from such related data as chicken or total poultry numbers and reported as assumed
rates of egg laying. Most of the countries have statistics on egg production report either
the total weight of eggs or the number of eggs produced. In addition, it should be noted
that this mass of eggs is not divided into hatchery eggs or parent stocks for laying
or broiler birds. Data on numbers have been converted into weight using appropriate
conversion factors as follows. For the calculation of the characteristics consumption
of eggs, layer manure and layer slaughtery waste, the following estimates were used
(North, 1978; EI Boushy, 1990): 16.4 eggs per kg of eggs; 280 eggs per hen per year
(based on hybrid layer production); 34.3% of hen live weight as total waste available
for rendering; 2.0 kg body weight on average per hen.

The consumption of eggs was estimated as follows:
Consumption of eggs = [eggs producedFAO (kg) x 16.4] / population FAOQ

For the calculation of the production of manure from laying hens first an estimate of
the number of laying hens was made:

Number of layers = [eggs producedFAO (kg) x 16.4] /280
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The production of manure was estimated by multiplying the number of layers by 100
(the estimated quantity of manure per hen per day; North, 1978), by 0.5 (assuming that in
the world, 50% of the laying hens are kept on batteries), and by 365 (days per year).

For the calculation of the fotal slaughtery waste per layer, the number of layers was
multiplied by the average weight of the hen (2.0 kg) and by 34.3% being the estimated
slaughtery waste percentage of the total bird live weight for rendering.

Hides and skins

The estimate figures for hide wastes are based on the total production of fresh hides
from cattle and buffalo, and skins from sheep and goats (expressed as fresh rotal hide
production; FAO, 1971-1991). These FAO data used have been referred to fresh weight
of hides and skins. Data for countries reporting production in numbers or expressed
in dry, cured, or salted weight have been converted into fresh weight data using
appropriate conversion factors. Where no official data are available, estimates based on
slaughterings and on other information have been used.

Yields of fresh hide depend on the composition of raw material (animal species),
moisture content, fat removal, age of the animals as well as dirt and manure attached to
the hide. In general, loss of fleshing during tanning was estimated to be 16% (Ockerman
and Hansen, 1988). For the calculation of hide wastes from total hide productionFAO,
therefore, a conversion factor of 0.16 was used.

(d) Crops

Cereals (wheat, maize)

Area and production data of FAO on cereals relate to crops harvested for dry grain
only. Cereal crops harvested for hay of harvested green for food, feed or silage or
used for grazing are excluded. Wheat and maize were included in the data since these
cereals are the most widely used carbohydrate energy sources included in practical
poultry diets. For fotal cereals the data include other cereals such as rice, barley, rye,
oats, sorghum, millet, coarse and mixed grain and buckwheat. Available data for spelt
are included with those for wheat, except for Commonwealth of Independent States
(FAO data of the formerly USSR).

Pulses (soybean)
The used FAO data are those of the production of the crop harvested for dry beans only
as far as this can be ascertained, whether used for feed or food.

Vegetables (tomato, potato)

The FAO data used are those relating to the main vegetable crops (tomato and potato)
grown mainly for human consumption. Statistics on vegetables are not available in
many countries and the coverage of the reported data differs from country to country.
In general, the estimates refer to crops grown in the field and market gardens mainly
for sale. It is noted that quite an important part of the estimated total production in
certain countries such as France (ca 40%) and Italy (ca 20%) is not included in the
FAQ data. Tomatoes and potatoes were selected owing to the relevancy of their wastes
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for use in poultry diets. For tomatoes, data for certain countries, particularly in central
and northern Europe, are related to crops grown mainly or totally under glass with,
subsequently, large yields per hectare.

Tomato. For the estimate of romato waste the basis was provided by the production
of tomatoesFAO data. Tomatoes are consumed either fresh or in a processed form.
From the total production of tomatoes, about 50% is processsed in any form (Goose
and Binsted, 1973). This processing yields tomato wastes depending on the methods
used. Waste yields are estimated to be 3-4.8% (coreing), 4.8% (peeling) while seeds
of tomatoes represent about 2% of their fresh weight (Edwards er al., 1952) providing
about 9.8-11.6% total waste. Therefore, an average conversion factor of 10.7% has
been used to calculate waste from total processed tomatoes.

Potato.  According to Talbert (1987), 48% of the total production of potatoes is
processed in any form. The waste produced from processed potatoes varies largely and
is estimated to range from 2-50% depending on the size of the potato, variety, season, kind
of end products and the peeling process. In general, 10% is considered as a reasonable
yield for peeling losses using abrasive peeling (Smith and Huxsoll, 1987). To convert
total production potatoesFAO into total potato wastes, conversion factors of .48 (processed

potatoes) and .10 (percentage waste from processing) have been used, respectively.

Grapes and fruits (oranges, dates, wine)

Certain countries do not publish data on total grape production. Estimates for these
countries have been based on information available on the production of table grapes,
raisins and wine. In most of the major wine-growing countries, FAO wine production
has been estimated from the quantity of grapes crushed at harvest time. Consequently,
it corresponds to the amount of “grapes for wine” for the same crop year and represents
total output at wine presses, irrespective of its final destination. In addition, FAO
data for some countries have been based on calculations using tax returns on trade
estimates or on the basis of the quantity of grapes crushed for wine when such
information was available.

Grape.  There are special types of grapes that are suitable for making drinks.
These grapes are mostly used for the manufacture of wine. Other types of fresh grapes
for direct consumption or preparing of grape juice are not included in the calculation.
Wine waste, known as “pomace”, includes seeds, the skin and the pulp of grapes.
It represents about 12.4% of the total wineFAO (Amerine et al., 1980).

Orange. The orange was selected in this study from the citrus family due to its world-
wide popularity and its tremendous production. From the oranges, 50% or more is
directed towards the fresh market. The orange waste estimate is based on the calculation
of the total orange waste as peel, pulp, rag and seeds (from 50% of total oranges
processed) being 44.6% of the fresh weight equivalent to 11.0% dry feedstuff with 10%
moisture (Berry and Veldhuis, 1977; Nagy, Shaw and Veldhuis, 1977).
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Date. Dates are pitted to avoid payment of the transportation of the pit and to improve
their attractive quality for the consumer. Pits constitute to about 10% of the weight of
the whole date (Rygg, 1975). A further estimate is that of the consumption of fresh dates
being 50% of the total production (Dowson and Aten, 1962; Rygg, 1975).

The calculated rotal waste is derived as the sum of estimates for wine, tomato,
potato and date wastes.

(e)  Classification of countries by economic classes and regions

The classification of countries has been used as given by the FAO (1990). For the purpose
of FAO analytical studies, the world is divided into economic classes, developed and
developing as well as regions (Figure 1.3). The geographical coverage of the regions
and their countries within the two classes is as follows:

CLASSIFICATION OF COUNTRIES BY ECONOMIC CLASSES AND REGIONS
|

CLASS I : ALL DEVELOPED COUNTRIES CLASS Il : ALL DEVELOPING COUNTRIES
Region A - North America : Canada, United States. Region A - Africa.
Region B - Europe. Region B - Latin America.
Region C- Oceania : Australia, New Zealand. Region C - Near East : Africa.
Region D - Commonwealth of Independent States. Region D - Far East.
(USSR)
Region E - Other developed countries. Region E - Other developing market economies.

Figure 1.3. Classification of countries by economic classes and regions. (Adapted from FAO, 1990).

Class I (All developed countries)

Region A - North America
Canada, United States

Region B - Europe
Albania, Andorra, Austria, Belgium-Luxembourg, Bulgaria, Czechoslovakia,
Denmark, Faeroe Islands, Finland, France, Germany (including the former
Federal Republic of Germany), Gibraltar, Greece, Holy See, Hungary, Iceland,
Ireland, Italy, Liechtenstein, Malta, Monaco, Netherlands, Norway, Poland,
Portugal (incl. Azores and Madeira), Romania, San Marino, Spain (incl.
Spanish North Africa), Sweden, Switzerland, United Kingdom (incl. Channel
Islands and Isle of Man), former Yugoslavia (in classification).

Region C - Oceania
Australia, New Zealand

Region D - Commonwealth of Independent States (Formerly USSR)

Region E - Other developed countries
Israel, Japan (incl. Bonin and Ryukyu Islands), South Africa.
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Class II (All developing countries)

Region A - Africa
Algeria, Angola, Benin, Botswana, British Indian Ocean Territory, Burkina Faso,
Burundi, Cameroon, Cape Verde, Central African Republic, Chad, Comoros,
Zaire (Congo), Cote d’Ivoire, Djibouti, Equatorial Guinea, Ethiopia, Gabon,
Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar,
Malawi, Mali, Mauretania, Mauritius, Morroco, Mozambique, Namibia, Niger,
Nigeria, Reunion, Rwanda, Saint Helena, Sao Tome and Principe, Senegal,
Seychelles, Sierra Leone, Somalia, Swaziland, Tanzania, Togo, Tunisia, Uganda,
Western Sahara, Zaire, Zambia, Zimbabwe.

Region B - Latin America
Anguilla, Antigua and Barbuda, Argentina, Aruba, Bahamas, Barbados, Belize,
Bolivia, Brazil, British Virgin Islands, Cayman Islands, Chile, Colombia, Costa Rica,
Cuba, Dominica, Dominican Republic, Ecuador (incl. Galapagos Islands), El
Salvador, Falkland Islands (Malvinas), French Guyana, Haiti, Honduras, Jamaica,
Martinique, Mexico, Montserrat, Netherlands Antilles, Nicaragua, Panama,
Paraguay, Peru, Puerto Rico, Saint Kitts and Nevis, Saint Lucia, Saint Vincent
and the Grenadines, Suriname, Trinidad and Tobago, Turks and Caicos Islands,
Uruguay, US Virgin Islands, Venezuela.

Region C - Near-East
Africa: Egypt, Libya, Sudan.
Asia: Afghanistan, Bahrain, Cyprus, Gaza Strip (Palestine), Islamic Republic of
Iran, Iraq, Jordan, Kuwait, Lebanon, Oman, Qatar, Kingdom of Saudi Arabia,
Syrian Arab Republic, Turkey, United Arab Emirates, Yemen.

Region D - Far east
Bangladesh, Bhutan, Brunei Darussalam, Cambodia, China, East Timor, Hong
Kong, India, Indonesia, Democratic People’s Republic of Korea, Republic
of Korea, Laos, Macau, Malaysia, Maldives, Mongolia, Myanmar, Nepal,
Pakistan, Philippines, Singapore, Sri lanka, Thailand, Vietnam.

Region E - Other developing market economics
America: Bermuda, Greenland, Saint Pierre and Miquelon,
Oceania: American Samoa, Canton and Enderbury Islands, Christmas Islands
(Australia), Cocos (Keeling) Islands, Cook Islands, Fiji, French Polynesia, Guam,
Johnstone Island, Kiribati, Midway Islands, Nauru, New Caledonia, Niue, Norfolk
Island, Pacific Islands (incl. Marshall Islands, Federated States of Micronesia, Northern
Mariana Islands and Palau), Papua New Guinea, Pitcairn Islands, Samoa, Solomon
Islands, Tokelau, Tonga, Tuvalu, Vanuatu, Wake Islands, Wallis and Futuna Islands.

1.3 BENEFITS DERIVED FROM THE USE OF FEED FROM WASTE

New, local industry will benefit from recycling waste by-products and the benefits from
it lead to the following features.
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1.3.1 Environmental Sanitation

The sanitary disposal of offal such as the by-products of the slaughterhouse present
great difficulties. Not only these offals attract vermin and are causing the danger of
spreading disease; it also tends to decompose rapidly forming an ideal substrate for
micro-organisms and leads to objectionable odors. Burning or burying of inedible offal
or their use as fertilizer leads to a total loss of potential by-products and, unless properly
carried out, it may also lead to spread in disease (El Boushy, 1990). From the public
health, veterinary and animal husbandry viewpoints, the direct feeding of inedible by-
products to livestock or manuring of fields with certain by-products are unsatisfactory
(Mann, 1967).

Since agricultural activities cannot be adjusted to the by-product throughput of
processing plants, the by-products must be preserved until they are required. A process
of concentration, preservation and/or sterilization (rendering) must be applied to prod-
ucts suitable for livestock feeding in view of the prohibition of bacterial multiplication
(decreasing the moisture level) and in view of pathogens present.

Further disposal of offal concerns the effluents from slaughter houses and from the
processing of potatoes, citrus, grapes and wine as well as from breweries. If these efflu-
ents will be purified, it would be possible to reuse wastewater and produce sludge that
could be used in the dry form for livestock and poultry feeding purposes. The sludge
could also be activated by means of micro-organisms that use the organic material as
a substrate to provide a higher nutritional value in comparison with the original sludge.
Subsequently, this sludge could be used as a protein supplement for monogastric
animals and ruminants.

1.3.2 Livestock Health and Productive Agriculture

Offals can be used either to manufacture fertilizers or livestock feedstuffs depending on
the speed with which they are handled and the freshness of the raw materials. Vast areas
of less developed territories for example, have soil and pasture which are deficient in
calcium and phosphorus. For these areas, treated offals which are very rich in nitrogen,
calcium, phosphorus and trace elements may be of great benefit when used as fertilizers.
In addition, where these offals are not utilized as animal feed supplements, the wastes
of large amounts of offal (citrus, grapes, potatoes, wastewater) rich in nutrients such as
protein and minerals, are prodigious (Mann, 1967). The creation of a by-product industry,
therefore, is the challenge that can be met by putting the proteins, minerals and vitamins
into circulation for the benefit of livestock and consumer rather than exporting them.

1.3.3 Secondary Rural Industries

In this context, effective planning of animal feed sectors, including rural industries for
the manufacture of by-products, making use of local feed resources and not relying on
imports, would seem desirable. For example, the planning of a poultry feather industry
will make it possible to create a market for fillings for upholstery such as pillows
and mattresses. Other animal by-products such as extracted fat, dried blood and meat
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meal, are important basic ingredients for the local soap industry and livestock feed,
respectively. Other relevant by-products are produced from the processing of citrus,
tomatoes, potatoes, dates, apples, grapes, ezc. The water purification for citrus, apple
and wine processing, and slaughterhouses also produces by-products such as (activated)
sludge. Leather and tannery processing also produce their by-products as hide waste
or hydrolized hide meal.

1.3.4 Price Structure

The use of by-products and recycling waste will influence the prices of meat and eggs
and the price paid in foreign currency (owing to the imports of fish meal or soybean
products used as feedstuffs from abroad) to the producer of livestock. Depending on
local circumstances, the return derived from the use of by-products (animal, vegetable
and fruit wastes) may be used to decrease the prices of meat and eggs to the consumer
or to give the livestock producer more gain for his product and by-products.

1.3.5 Creation of New Employment

There is no doubt that the disposal of waste (inedible offal, fruit and vegetables, tannery
or municipal refuse) needs little or no manpower in developing market economics.
The conversion of offal, however, into valuable by-products creates new employement
and skills at the place of production and, in addition, in the secondary industries based
on such raw materials. If the scientific knowledge will be transferred from developed to
developing countries and the subsidies can be in a form of installation of new factories,
this will be reflected in the new employment, on more income and a better life.

1.3.6 Reducing Imports of Feedstuffs (Foreing Currency) by Upgrading
Local Waste

If a local industry such as the poultry industry will be able to transfer all the offals by
rendering and produce poultry offal meal (blood, feet, heads, intestines and feathers),
a product will be created with high nutritive value. Also waste from fruit and vegetables
such as citrus pulp, tomato pomace, potato waste, dates and even hide and tannery by-
products can be transfered into valuable feedstuffs (El Boushy, 1986). Similar potential
feedstuffs are waste products originating from rendering and from wastewater treatments.
This application may lower the present imports of feedstuffs, fertilizers, cereals and
soya, animal products and total agricultural products that require foreign currency
(Table 1.3).
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Table 1.2. Values of several relevant imported items in developing market economics (x 10.000 $) per
year. (Reproduced from Trade year-books, vols. 26, 30, 35, 39, 43, 50, published by the
FAO, 1972-1990 and 1996)

ltems/Years 1971 1975 1980 1985 1989 1996

Agricultural Products 1.169.123  3.155.055 6.824.087  6.235720  8.559.710  16.860.500
Cereals 14.902 29.466 537.663 562.930 570.337 671.352
Soybeans 11.341 27.676 110.018 126.736 180.505 385.562
Poultry meat 5.733 15.127 110.758 82.886 113.663 250.881
Eggs 3.013 3.776 36.228 34.565 31.071 38.751
Feedstuffs 15.427 26.603 103.082 119.436 219.203 -
Lard and fat 4434 9.004 9.601 11.861 9.374 53.172
Fertilizers crude 27.078 164.093 146.469 99.260 119.116 117.630
Fertilizers manufactured 10.661 42.794 130.789 162.337 257.528 997.698

(a)  Municipal refuse

Accumulation of municipal refuse, mainly garbage (known as swill or kitchen refuse)
and classified as hotel and restaurants, institutional, military camp and municipal
garbage, will cause tremendous pollution, odours and illness owing to spreading of
micro-organisms, rats and insects. This is the case in developing countries, where
sanitation and hygienic systems are below the standards in comparison with developed
countries. In addition, if this kitchen waste was processed and sterilized it will be a very
reasonable feedstuff when separately used or when mixed with other wastes such as
blood. feather or manure to be used in animal and especially poultry nutrition.

The study of the nutritional composition and the use of kitchen/restaurant waste
as a diet ingredient for animals presents a rather recent concept in the trend of using
feed from waste in animal nutrition. Under certain conditions, treated waste of this
origin appears to be a promising possibility as an animal feed ingredient because of
its nutritional potential and availability in large quantities (Yoshida and Hoshii, 1979;
Lipstein, 1985). As early as fifty years ago it was already found that, for example,
kitchen waste could be used with advantages in poultry diets (Pierson, 1943).

(b)  Leather tannery waste

The world production of fresh hides is estimated to be 8.8 million tons per year
(FAO, 1991). The hide and tanning industry produces a large amount of waste and
polluting materials and has the unevitable reputation of being filthy and evil smelling.
This is confined to the present processing methods for the conversion of hides into
leather and the use of chromium salts that, unless recovered and recycled, are the
polluting chemicals. Dechromed materials derived from modern tannery procedures
are potential sources of nutrients and therefore can be used as an animal feedstuff.
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(c) Wastewater

Increased regulatory requirements for the reduction of the use of water and the production
of wastewater has warranted management attention today. In poultry processing plants
as well as in plants producing vegetable waste from potato and citrus, for example,
reduction in the polluting load are objectives to establish economic, environmentally
friendly and modern treatment procedures.

Since wastewater can be treated by means of flotation, sedimentation and flocculation,
the effluent produced will contain proteins and fat that can be recovered and subsequently
processed to eliminate undesired ingredients in order to make the waste suitable for
livestock feeding.

(d)  Fruit, vegetable and brewers’ waste

Waste residues from fruit, vegetables and brewers’ grains are rarely identified in
developing market economics. Although costs are involved for the recovery of a useful
feedstuff from this type of processing waste, credit is introduced by the use of the derived
feedstuffs in animal diets. The use of feed grade protein or starch from the potato
industry is a typical example of recoverable fractions, either as solid or as sludge, that
can, after drying and sterilization, be included directly in livestock diets as a sources
of protein and carbohydrates.

1.4 INCREASE OF POPULATION AND THE SHORTAGE OF FOOD SUPPLY
1.4.1 Population

At first, the world’s population was estimated to grow at about 1% per annum in the
periods when the first and second FAO World Food Surveys were published (1946
and 1952). Since the beginning of the last decade, a successful control of epidemics
and diseases in large parts of the world has, among other causes, led to a marked
lowering of death rates and, consequently, to an accelerated growth in the world’s
population (FAO, 1963). For example, the annual percentage rates of growth for the
world’s population in the period 1938-50 and 1950-60 were estimated to be 1.1 and
2.1, respectively (Table 1.3). The rate of growth in the less developed regions in these
periods was 1.4 and 2.5% indicating the increasing share of the less developed areas
in the world’s population up from the sixties. This is also valid for the following years
up to the decade of 1980-90.

The trend in the development of the population increase up from 1961 is shown
in Figure 1.4. In comparison with the developing countries, the developed countries
showed no significant increase in population. In this way, the estimate for the increase
in the total world population by 2050 is largely based on the high increase of developing
countries. Our expected development for 2050 is based, however, on the linear
regression of the period 1961-1990. If no extreme disasters such as earthquakes,
epidemic diseases, climatic disorders (e.g. drought, flooding) or war occur, this
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development seems not a pessimistic one. Developments, however, may change these
expectations considerably (Meadows, Meadows and Randers, 1992).

Table 1.3  Population (millions) and population growth (%) in annual percentage in the world and in
developed and developing countries. From FAO (1963) and FAO (1971-1997)

Developed Developing World
Years
Population  Growth Population  Growth Population  Growth

1938 - - 717 - 1.478 - 2.195 -
1950 - - 751 - 1.733 - 2.484 -

- 1938-1950 - 0.4 - 1.4 - 1.1
1960 - - 852 - 2.161 - 3.014 -

- 1950-1960 - 1.3 - 25 - 2.1
1970 - - 1.074 - 2.603 - 3.677 -

- 1960-1970 - 26 - 2.1 - 22
1980 - - 1.169 - 3.268 - 4.437 -

- 1970-1980 - 09 - 2.6 - 2.1
1990 - - 1.248 - 4.046 - 5.294 -

- 1980-1990 - 0.7 - 24 - 1.9
1997 - - 1.462 - 4.386 - 5.894 -

- 1990-1997 - 1.8 - 3.1 - 5.0

POPULATION

Figure 1.4. The expected development of the increase in population in the world, and in developing and
developed countries [(1961, 1989 and estimate for 2050); milliard = 109].
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1.4.2 Food Supply

For comparison of food supplies it is notable, that disparities in the per caput supplies
are best described in terms of the nutritive value of the diet. The quantitative aspects
are then measured by the calorie or protein level of the diet; for qualitative aspects,
however, no simple measure is available. The FAO data were based on Calories (Cal),
therefore we used this unit in this study, although “Joule” (J) is the unit currently
used (1 J is 0.239 Cal). Figure 1.5 shows the average levels of calorie and protein
supplies and their partitioning for animal and vegetable sources for the periods 1961,
1989 and an estimate for 2050.

Figure 1.5. Contrasts in the total consumption of protein (g/caput/day) and energy (calories/caput/day) from
animal and plant origin in 1962, 1975, 1988 and estimates for 2050.
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Calories

For calories, Figure 1.5 shows that the less developed regions consume between 2,000
and 2,500 calories per caput per day in recent times which is only slightly higher
compared to the 2,000 calories in the period 1938-1950 (FAO, 1963). The food
consumed by the more developed regions provides more than 3,000 calories per caput
per day of which about 30% is energy from animal origin. It appears that the current
level of calorie supplies of plant origin has reached a stable level in developed regions
in contrast with the potential growth in developing regions. Calorie supply of animal
origin is still growing for both developed and developing regions. The expectations
of high energy consumption will - of course - not continue in an increasing trend
since the more modern nutrition is leading to changing eating habits. A lower use of
high-energy sources (fats, starch, sugar) is observed with increasing fibre in the diet to
avoid obesity, heart and coronary disease problems.

Protein

For protein, a striking contrast can be seen in the consumption of total protein and
the supply of protein from animal origin. Although the total protein supplies per caput
per day have gone up, less developed regions consume about 10 g of animal protein per
caput per day, which is only 15% of the consumption per caput in the more developed
regions in 1988. Figure 1.5 shows that the gap in animal protein consumption between
the developed and developing countries is still widening. The estimate for the year
2050 shows that, in the developing countries, the amount of plant protein consumed
is about twice that of protein from animal origin. The development of cheap sources
of energy and of protein of animal origin to replace the traditional feedstuffs is of
utmost economic importance.

1.4.3 The Race Between Food and Population

As the selected four feedstuffs under investigation are cereals (maize and wheat, total
cereals) and soya, are frequently used in livestock diets. For example, in diets for poultry
they are used at inclusion levels up till 60 percent (total cereals) and till 15 percent (soya).
If these feedstuffs were eliminated as a diet ingredient, roughly half of the ration
could be replaced by carbohydrate wastes such as potato waste, date pits, tomato
waste or protein wastes such as by-products from slaughtery houses and products from
wastewater treatments. Cereals and soya, then are left for human consumption and
the competition between human kind and poultry will be lowered.

Figure 1.6 shows the growth of the population in relation to the production of cereals
and soya. It is clear that for the developed countries the situation is rather stable.
Accordingly, total cereals are abundant in terms of production in relation to population.
In contrast, for the developing countries which show a tremendous increase in their
population, there is no compensation by the increase in total cereals or soya, a situation
that will be more severe by the year 2050. A similar shortage for cereals and soya
then is present in the world’s situation, although the differences is somewhat smaller.
This example clearly shows the race between food and population, and draws attention to
the use of waste materials rather than these major food groups in practical animal diets.
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Figure 1.6. World population and production of cereals and soya; milliard = 10%.

In the calculations, roots, pulses other than soya, certain vegetables and fruits, meat
from pork and beef as well as animal products such as milk and fish were not included,
because our concern was only to select a special and relevant group of feedstuffs
commonly used in poultry diets.

In Figure 1.7 the per caput consumption of poultry products (eggs and poultry meat)
is shown for the world and for developed and developing countries.

Egg consumption is low and increasing only slowly in developing countries. In the devel-
oped countries, however, it will reach the 450 eggs per caput per year estimated for 2050.
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and estimates till 2050.

The figure for consumed eggs includes fresh eggs and industrial ones consumed as
etc. It is noted that in the developed countries the number of eggs
consumed has decreased slightly according to the FAO data in the years after 1985.
the problem of cholesterol and the subsequent fear of heart diseases
and arterioscleroses may play a role in this consumer behaviour and is responsible for the
decreased egg consumption. On the other hand, it is also known that the present egg
aput per year in Israel and Japan is 365 and 355, respectively (FAO,
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For poultry meat consumption, a similar trend is noticeable. The developing market
economics is not reaching an appreciable level of kilograms of consumed poultry meat
per caput per year. On the contrary, in the developed countries the present consumption of
poultry meat per caput per year (20.5 kg) is higher than the estimate for its consumption
in developing countries in the year 2050 (7.5 kg per caput per year).

The data on egg and poultry meat consumption are in agreement with the animal
protein consumption data of Figure 1.5 showing the increase in the consumption of
protein in developing countries which is largely based on plant proteins, mainly pulses.

1.4.4 The Increase of Waste

The current trend towards animal wastes recycling is motivated by both economic and
environmental considerations. Since feed costs are about 80 percent of the total animal
production costs (Boucqué and Fiems, 1988), the substitution of conventional feedstuffs
by processed animal or vegetable wastes will lead to a significant reduction in the costs
of animal feed and the ultimate derived products. Based on overcoming health hazards,
especially with regard to animal wastes (accumulation of macrominerals, trace elements,
heavy metals and harmful organisms; Miiller, 1980) to ascertain the safe inclusion of
wastes in feedstuffs, this substitution will be the key to the economics of the use of
wastes in the nutrition of livestock. It is noted, however, that the the problem mentioned
above does not relate to wastes alone: conventional feeds may also contain a large
number of contaminants and antinutritional factors (Van der Poel, 1990).

The economic potential of the utilization of animal and vegetable wastes as new feed
resources is of great importance, and a greater efficiency of this utilization is urged
for the future on the basis of the data, illustrated in Figures 1.8 and 1.9. In Figure 1.8,
the total estimated production of animal wastes in the world, and the developed and
developing countries is shown. It can be seen that the world production of manure from
laying hens in 1990 will be doubled by the year 2050 being equally divided over the
developed and developing countries. The increase in the production of broiler manure
by the year 2050 is even greater with a higher production in the developed countries.
Estimates for the increase in slaughter waste from layers and broilers, respectively, are
similar to that of the manure of these types of poultry due to the method of calculation:
broiler liveweight and the number of laying hens were the basis of the calculation of
manure and slaughtery waste, respectively.

The total quantity of hide waste, derived from cattle and buffalo hides and from sheep
and goat skins, shows a steady increase in future years to a level of about two million
tons by the year 2050. Although the greatest production before 1980 was established
in developed countries, this has now turned to the developing market economics which
will produce about 60 percent of the total hide wastes in 2050.

Figure 1.9 shows the production of vegetable and fruit wastes (separately and
combined) in various years and estimates for 2050. These wastes are nowadays
important in both developed and developing countries. Wine is an important product
in developed countries while dates are important for developing ones. These countries
are fully responsible for the increase in the production of their respective wastes in
future years. For orange waste, however, its world production increase can be fully
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attributed to the increase in the production by developed countries. The production of
potato waste in the world is somewhat decreasing combining an increase in production
in developing countries and a decrease in the developed ones.

In general, the estimates for the production of total vegetable and fruit wastes
reflects the previously discussed individual waste groups and shows a steady increase in
the production of waste for the developing countries up to 35 million tonnes in 2050.
This production in developed market economics is not increasing and may even slightly
decrease as there has been a pronounced decrease of the production of potato as a crop
because of the consumers’ preferences for other sources of energy such as rice and
wheat based pasta. Excluding the potato waste, the total production of vegetable and
fruit wastes will also increase in the developed market economics.

e WORLD - DEVELOPED .. DEVELOPING
90 _ 400,
F goJ LAYER MANURE « BROILER MANURE
z 4
o S 3004
= =
> >
= e
z % 1004
< <
2 2
o s o= % S
0 { 1 T T T 1 c = T T T T 1
1960 1978 1996 2014 2032 2050 1960 1978 1996 2014 2032 2050
YEAR YEAR
607 = 4000+
o BROILER SLAUGHTER WASTE . o LAYER SLAUGHTER WASTE
z 50 4
o] &5 30004
2 404 3
2 )
3 g |
= 301 = 2000
N E
£ 20 z |
z = 1000
S 0], whest - z
3 Df:,,:-m"" S
0 4= T T T T U o 0 —T— T T U U
1960 1978 1996 2014 2032 2050 1960 1978 1996 2014 2032 2050
YEAR YEAR
3.00+
£ TOTAL HIDE WASTE
P4
3 2.40-{ .
2 104
g 1.80 /
e 1.20-./.ﬁ/ —
= -
% 0.60 ;.- gt
e}
0.00

1960 1978 1996 2014 2032 2050
YEAR

Figure 1.8. Production of poultry manure, poultry slaughter waste and total animal hide waste (cattle,
buffalo, sheep and goat) in various years and estimates for 2050.
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estimates for 2050.

(separately and combined) in various years and

1.5 THE ROLE OF THE DEVELOPED COUNTRIES TOWARDS

THE DEVELOPING ONES

Potential food production and the potential use of wastes in animal nutrition may
increase if present technical knowledge in the field of animal and poultry feed science
and its technology can be spread. This will minimize the factors which are limiting
the use of feed from waste at present. This means that, in addition to overcoming, for
example, the problem of scarcity of feedstuffs, present knowledge must be given to

developing countries concerning:

+ Composition of animal and vegetable wastes as potential feedstuffs.
e Timely use of waste materials and practical application.

¢ Scientific feeding strategies.
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This implies, that both nutritional and technical aspects have to be covered, although
certain socio-economic aspects also have to be considered (Ravindran and Blair, 1991).
According to these authors the latter aspects concern the competition of products as human
food, ingredient cost per unit energy and protein, and processing costs as well as fear of
loosing market share if a new feedstuff fails to maintain production standards.

In West Africa, Nigeria for example, there is an ample supply of the principal
by-product of the brewing industry, brewers’ spent grains (BSG). In addition, large
quantities of wheat are imported by Nigerian flour mills. Replacement of this
relatively expensive imported wheat with spent grains is even desirable for it helps to
reduce imports which require foreign exchange; BSG are much cheaper per tonne in
comparison with wheat flour and BSG can be used for both poultry feed and bread and
cookies. Cookies made with 20% BSG contained 55% more protein, 90% more lysine
and 220% greater fibre than control cookies made with wheat flour and were within the
organoleptic limitations established for taste and texture (Kissel and Prentice, 1979).
This example may illustrate the importance of the use of agro-industrial by-products
rather than expensive traditional products.

Transfer of knowledge of agricultural waste processing and waste utilization as an
animal feed ingredient is also one of the tasks of the developed countries. It has to
include both knowledge of the processing of waste into feedstuffs and of the knowledge
of its utilization in diets for poultry and other animals. The extent of the use of waste
in poultry diets further depends on the costs of the traditional feedstuffs, the safety for
poultry health and the attractiveness of alternative use.

Developed countries may help by gaining and transferring relevant information
on items such as:

e Machinery (high pressure cookers for feathers and for leather meal; disc driers for
pomace, flash driers for blood), its processing conditions for the treatment of waste
or waste mixtures), and the introduction of new methods of processing as well as
the use of local, cheap energy sources.

¢ Methods for the chemical evaluation of antinutritonal factors, micro-organisms,
non-starch polysaccharides and palatability.

* Methods for the nutritional evaluation, both in vitro methods and bio-assays. This must
also cover information on the possible inclusion level of waste products in diets
for different animal categories and the effects on reproductive characteristics and
performance.

The use of waste products in animal nutrition may lower animal performance,
however, these products may be much cheaper than the traditional (and sometimes
imported) feedstuffs currently in use.

For the identification of novel agricultural wastes as an animal feed, for example,
an evaluation scheme can be applied covering waste production method and nutritional
value (Van der Wal, 1976). Therefore, a detailed description of the chemical composi-
tion and of the production process is required and the chemical evaluation must at least
include the nutritional value for protein and energy, including the amino acid profile
of the waste protein. Moreover, biological testing of the nutritional and toxicological
characteristics is necessary, the latter being concerned with the safety for the animals
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as well as the safety of the animal products (residuals) for human consumption.
Digestion of feed ingredients and absorption of nutrients and energy, the requirements
for nutrients and the susceptibility to antinutritional factors, pathogenic micro-organisms
and toxins are specific for an animal species and may vary with their physiological
stage. In addition to the classical laboratory animal tests, the biological evaluation must
therefore also include experiments with the main target species during various stages
of the life-cycle (Van der Poel er al., 1990). The extent to which such an evaluation
scheme has to be applied will then depend on the degree of novelty judged from the
data obtained from the different evaluations. As stated previously (Van der Wal, 1976),
the criterion for a relevant evaluation is a sound judgement, from the product and
process characteristics, of the degree of novelty, and the risks that are deducible
from that with regard to toxicity, pathogenic micro-organisms and nutritional value,
including digestibility.

1.6 CONCLUSION

In both developed and developing countries, continued growth of the by-product
industry is anticipated. In this study, linear regression analysis has been used to
estimate developments in the total consumption of animal products and production
of waste products. In some cases this may be somewhat optimistic as far as a linear
plateau concept (Bogue, 1966 and Boda, 1990; Figure 1.2) or even alternative, complex
scenarios can be expected (Meadows, Meadows and Randers, 1992). The number of
slaughter farm animals and, consequently, the quantity of hides produced has been
-indicated to have reached its maximum in developing countries. However, an increase
in the production of waste products can be expected. This means that large quantities of
various waste-products, of animal and vegetable origin, will be available. For reason of
a better utilization of these by-products and increased consciousness of environmental
protection, the use of waste in practical livestock and poultry diets should be increased
thereby decreasing the competition for food between humans and poultry.

Since many by-products or wastes have a substantial potential value as a diet
ingredient in livestock diets this kind of " utilization may‘ be economically worthwhile
especially in developing countries where traditional and often expensive feedstuffs
can be replaced. At present, the agro-industry in developing countries has still to be
developed on the basis of fundamental and applied research in the area of feed science
and technology. Fundamental research is especially needed to increase our knowledge
concerning the constituents of the various by-products and especially the changes that
can take place for these constituents during stages of primary processing, subsequent
storage and during secondary processing in the animal feed industry (Mann, 1967;
Rolf, 1976; Boucqué and Fiems, 1988; Van der Poel, 1990). Practical research has
to be carried out under local circumstances with the help of developed countries
providing the information on processing equipment, processing conditions and the
chemical/nutritional evaluation of waste products in animal diets.

Owing to modern scientific knowledge and the practical accumulated results from
commercial applications in relation to nutrient recovery from animal and vegetable
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wastes, utilizing these wastes as a feedstuff will result in reduced feed costs and lower
prices for animal products. It also contributes to self-sufficiency in nutrients from locally
present wastes. Therefore, the system of feed from waste makes possible a vertical,
mutually complemented integration of animal production among individual species
which can, in turn, solve some problems of local waste disposal and thus some problems
of pollution (Miiller, 1980). It is noted that feeding certain wastes (such as municipal
sewage sludge containing heavy metals) to poultry may be reflected in an increased
pollution of the birds. The effluent of wastewater from potato, citrus, or wine processing
or slaughter, however, it is not causing this kind of pollution.

Finally, the combined results of the investigations concerning feed from waste will
serve as a sound basis for continued technological developments as well as applied
research for different products from local wastes. It will help also to ensure that these
wastes will be of a real value as an outlet for the main products from which they
have been derived.

In the next chapters attention will be paid to the utilization of feed from several
types of wastes in the nutrition of poultry, being one of the monogastric species
suitable to convert waste nutrients. Firstly, poultry feeds include expensive grains
and therefore poultry can be seen as competitors with humans as far as nutrition is
concerned. Secondly, in many developing countries (Middle East for example) pork
meat is prohibited by religion and poultry husbandry can then be an alternative in
the provision of animal protein.

The following chapters describe the potential of nutrient recovery from certain animal
and vegetable wastes. These include dried poultry waste, slaughtery products, tannery
products and wastewater from slaughter-houses and vegetable and fruit wastes, municipal
garbage and wastewater from, among others, the citrus and brewery industries.

The use of these waste products raises the problem of palatability of poultry diets.
As poultry have the ability to differentiate between sweet, salt, sour and bitter chemicals,
palatability and acceptability of diets based on waste products may be improved by
using high-intensity sweeteners in the diets. Some aspects of these feed additives in
controlling feed intake will be discussed.
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2.1 INTRODUCTION

The increased size of poultry units causes a tremendous accumulation of large amounts
of manure. For instance, a flock of 100.000 layers, kept in cages will produce more
than 12 t daily or 4380 t a year.

Because disposal of poultry manure as a fertilizer is not very promising, increased
interest has developed in alternative methods of waste disposal.

Alternative uses of poultry wastes are fuel production, fertilizers, fuel briquets and
feedstuff ingredients. Recycling poultry waste after proper sterilization and processing
has been advocated for two reasons: its useful nutrients can be used in case of feedstuff
shortage and to reduce pollution.

Dry poultry waste varies widely in composition. The nutritive value depends on the type
of ration, age and type of birds producing the droppings, extent of feed spoilage, quantity of
feathers present, age of droppings before drying, drying temperature and duration.

Although the low available energy content of poultry manure is the main limitation
for its use in poultry diets, non-protein nitrogen (NPN) is also a problem.

More than half of the crude protein (N x 6.25) in dry poultry waste is in a form
of NPN such as uric acid, ammonia, urea, creatine and creatinine. Such compounds
cannot be fully utilized by poultry and are therefore not a very useful type of protein
for monogastrics. Uric acid may even be mildly toxic. A possible solution would be
the biodegradation of cage layer manure by some natural living organisms, for instance
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the breakdown of hen excreta by means of house-fly larvae or earthworms. Fermentation
or upgrading by aerobic digestion, or oxidation ditch, or through algae culture are also
possibilities that lead to a final product rich in true protein, low in NPN and suitable
as an animal protein feedstuff.

2.2 DRIED POULTRY WASTE
2.2.1 Nutritive Value of Dried Poultry Waste

After processing the water content of fresh cage layer excreta, has to be reduced from
75-10% and pathogenic organisms have to be killed. The product is an entirely new
feed ingredient and is called dry poultry waste (DPW). It may also be classified as
dehydrated poultry waste, dry poultry (excreta, faeces, manure, droppings, by-product)
recycled nutrients and poultry anaphage (Zindel, 1974).

The nutritive value of DPW varies with: its age before drying; moisture content
when fresh; method of storage; type; age; physiological status of layers; composition
of ration fed; feed spoilage; environmental temperature; drying temperature; and speed
of drying.

The Association of American Feed Control Officials, Inc. defined DPW as: “Dried
Poultry Waste DPW is a product composed of freshly collected faeces from commercial
laying or broiler flocks not receiving medicaments. It shall be thermally dehydrated
to a moisture content of not more than 15%. It shall not contain any substances at
harmful levels. It shall be free of extraneous materials such as wire, glass, nails, efc.
The product shall be labelled to show the minimum percent protein, fat and maximum
percent fibre. It may be used as an ingredient in sheep, lamb, beef, dairy cattle,
broiler, and layer-chick feeds. Broiler and laying rations shall be limited to 20% and
15% DPW, respectively” (Couch, 1974). Table 2.1 shows the composition of DPW
determined by several workers. Their analysis show moderate protein content (N x 6.25)
ranging between 24 and 31 percent. The total protein is composed of true protein
which accounts for more than one third and the rest is in a form of NPN, mainly uric
acid and some ammonia, urea, creatine and creatinine. However, the high contents of
ash, Ca and P are creating a problem when rations are formulated (Biely et al., 1972;
Price, 1972; Blair, 1973; Fadika, Walford and Flegal, 1973; Shannon, Blair and Lee,
1973; Zindel, 1974 and El Boushy and Vink, 1977).

Young and Nesheim (1972) listed some relevant nutrients in DPW as: Calcium,
phosphorus, trace minerals, B-Complex vitamins, metabolizable energy (ME) and some
amino acids. The ME was reported variously as 1.8 MJ/kg (Young and Nesheim, 1972),
8.1 MJ/kg (Biely et al., 1972) and 2.3 MJ/kg (El Boushy and Vink, 1977).

El Boushy and Roodbeen (1984) showed that the essential amino acids content is
limited (Table 2.2), the average available amino acids being 57%, which is low in
comparison with feather meal (68%) and meat meal (83%). Total and available amino
acids are, therefore, not giving a high economic value to the DPW.



Table 2.1. Chemical analysis, energy and amino acid composition of DWP on air dry
basis in percentages. Fr om (1) Flegal and Zindel (1970a); @ Biely et al.
(1972); @ Blair and Knight (1973) and 4 El Boushy and Vink (1977)

(1) (2) (3) (4)

Moisture 7.36 9.40 11.40 4.50
Crude Protein 24.21 31.08 28.70 24.28
True Protein 10.84 23.18 10.50 14.73
NPN (Nx6.25) 13.37 7.90 18.20 9.55
Ether extract 2.13 1.62 1.76 4.07
Crude fibre 13.72 10.70 13.84 10.11
Ash 26.90 23.76 26.50 35.79
Calcium 7.78 8.27 7.80 10.61
Phosphorus 2.56 2.00 2.45 2.71
Potassium 191 - - 2.37
ME MlJ/kg - 8.09 2.76 2.34
Amino acids

Lysine 0.49 0.48 0.39 0.56
Histidine 0.20 0.21 0.23 0.19
Arginine 0.47 0.45 0.38 0.53
Aspartic acid 1.06 1.10 0.71 1.22
Threonine 0.50 0.44 0.35 0.60
Serine 0.52 0.47 0.38 0.72
Glutamic acid 1.54 1.36 1.12 1.69
Glycine 0.82 1.61 1.33 0.93
Alanine 1.06 - 0.61 1.07
Valine 0.62 0.78 0.46 0.83
Methionine 0.09 0.20 0.12 0.29
Isoleucine 0.50 0.42 0.36 0.66
Leucine 0.80 0.69 0.55 0.94
Tyrosine 0.26 0.31 0.27 0.40
Phenylalanine 0.45 0.40 0.35 0.53
Cystine 1.09 - 0.15 0.21
Tryptophan 0.53 - - -

NPN = Non-Protein Nitrogen
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Advantages and disadvantages of DPW

Dried poultry waste, after proper treatment, could be used as a feedstuff because it
contains undigested feed, metabolic excretory products and residues resulting from
microbial synthesis. Micro-organisms in the poultry excreta convert some of the uric
acid to microbial protein, which can be utilized by poultry. DPW provide an unknown
growth factor (UGF). Moreover, it contains some true protein in addition to the NPN.
If this feedstuff can be recycled no doubt pollution will be reduced (El Boushy and
Vink, 1977).

In contrast to ruminants, poultry cannot utilize NPN as a protein source. Under specific
conditions, however, some monogastrics such as poultry are able to utilize the N from
NPN sources to a limited extent. Ackerson, Ham and Mussehl (1940) and Jones and
Combs (1953) reported that NPN could not be utilized by young chicks. On the other
hand other reporters concluded that NPN could replace protein under the special
conditions of balanced essential amino acids, when some amino acids are replaced by
their hydroxy analogues (Sullivan and Bird, 1957; Featherston, Bird and Harper, 1962;
Blair and Waring, 1969; Trakulchang and Balloun, 1975).

Uric acid is known to cause a growth depression in growing chicks, but Bare,
Wiseman and Abbott (1964) found that uric acid additions of 2% were required to
cause a significant weight depression after 4 weeks, while levels of 0.5% and 1%
had no effect. They suggested that this depression was due either to uric acid acting
as an irritant interfering with the absorption of nutrients from the intestinal tract,
or to the inhibition of microbial biosynthesis of vitamins or other nutrients being
essential to the host.

2.2.2 Processing of Poultry Waste

Owing to the high moisture content (75-80%) (Biely et al., 1972) and possible contaminants,
poultry waste must be processed before it can be incorporated into poultry rations.

In general processing methods are complicated and costly for use in developing
countries. In some areas, the use of DPW as a feedstuff is attractive owing to the high
price of conventional feedstuffs or import restrictions. Financial investments are not
available for those countries to obtain the relevant processing equipment. Therefore,
several alternative methods have been developed. For example, several simple methods
are reported for drying cage layer manure (Kese and Donkoh, 1982; Olorede et al.,
1995), such as sundrying, steam heating and roasting.

(a)  Simple methods

Sundrying. Drying could be carried out by spreading out a portion of partially dried
waste (sun dried for 24 h at an ambient temperature of approximately 30 °C and cleaned
of extraneous materials) on a flat metal sheet in the open and sun drying for two days
at ambient temperature ranging from 30-35 °C. Excreta were turned over periodically
and collected overnight to protect the waste from being moistened by dew. This method
for drying poultry waste/involved the pressure of non-pathogenic (Salmonella spp.).
Olorede et al. (1995) reported also the air-drying procedure for poultry droppings.
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Their poultry manure samples were collected from a concrete floor under cage layers
in a semi-dried condition. The manure was sun-dried for 5 days till 10.36% moisture
and then hammer-milled.

Steam heating. The apparatus used for steam heating consisted of two 220 | drums,
one with a solid and the other with a perforated bottom. The perforated one, containing
the waste, was placed on top of the other one, which contained water. The drum
containing the waste was covered with burlap to conserve the heat. Water was heated
to produce steam of burning logs. The process took 4 h during which the steam rose
through the excreta, attaining temperature up to 80 °C. The steamed excreta were
sun dried for 3 h. No microbial growth on culturing was noticed by this method
(Kese and Donkoh, 1982).

Roasting. For this method the excreta were treated by direct heat for 2 h in an open
200 1 capacity drum. During heating the excreta were stirred constantly. The temperature
in this process ranged between 102 and 105 °C.

Sheppard et al, (1971) reported that temperatures from 149-385 °C were used to
dry poultry manure. In addition, a reduction was observed in the nitrogen content
of the dried manure at the higher temperatures. Olorede et al. (1995) reported also
that the collected poultry droppings from concrete floor were of semi-dried condition.
Then the samples were oven-dried at 105 °C for one day till a moisture content of
8.80% and then hammer milled. The authors concluded that drying the cage manure
with heat would appear to be the best procedure for the production of a possible feed
ingredient of more consistent nutrient composition.

(b)  Drum drying

A relatively new technique in waste management has been the development of the
manure dryer (Sturtevant Engineering Company Ltd, 1979). The method of operation
is as follows. The layers’ manure is gathered by belts under the cages from the poultry
house and is transported to the dryer feed hopper. Subsequently it is fed through
a variable speed auger to the dryer drum. The auger permits a constant feed at a
pre-determined feed rate.

The dryer drum is heated by an oil-fired burner which raises the drum temperature
up to 340-400 °C. The manure is moved by agitating reflector plates and passes to
the discharge end of the drum. On input of the dryer drum, the moisture content of
the wet manure is approximately 80% which after processing is reduced to 8-14%.
Both main bumer and afterburner are protected by the inclusion of a photo-electric
cell for automatic flame monitoring.

The dried product is pneumatically conveyed from the drum to a collecting cyclone,
which separates the solids from the gases. It then passes through a sifter to remove
feathers and on to the bulk bin for transportation or bagging off.

The moisture-laden gases separated by the cyclone pass via a specially developed
oil-fired afterburner in which the temperature of the gases is raised sufficiently to
remove any unpleasant smell before being released to the atmosphere (Figure 2.1).
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Figure 2.1. Flow diagram (a) and layout (b) of a complete processing plant for manure. Reproduced with
permission from Sturtevant (1979).
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2.2.3 Biohazards of DPW

Dehydrated poultry waste obtained by processing manure from caged layers contains
little, if any, drug residues, since drugs are not normally included in feed formulation
for layers. Poultry litter from broilers may contain various drugs including coccidiostats,
antibiotics, arsenic acids, and others (Couch, 1974). On the other hand Webb and Fontenot
(1975) found residues of penicillin, chlortetracycline, oxytetracycline, nicarbazin and
amprolium in broiler litter; this is not of value when cage layer manure is used.

Fontenot (1981) reported some safety considerations concerning the use of untreated
layer manure, broiler manure or poultry litter in the nutrition of ruminants and the
effects on quality of products. The most relevant points are toxic elements such as
heavy metals, aflatoxins owing to contamination with Aspergillus flavus, insecticides
and medicinal drugs. As indicated before, cage layer manure is mostly free from
the above mentioned residues and it should be kept in mind that these products
are sterilized. Table 2.3 presents some results of the bacteriological examination of
DPW samples.

Table 2.3. Bacteriological examination of DPW samples, without sterilization. From Shannon et al. (1973)

Sample no. Direct culture Selenite broth culture
1 Few anthracoid bacilli Paracolon bacilli
2 Few anthracoid bacilli Paracolon and anthracoid bacilli
3 No organisms isolated Paracolon bacilli
4 Few paracolons and anthracoid bacilli Anthracoid bacilli
S No organisms isolated No organisms isolated
6 Few anthracoid bacilli Anthracoid bacilli
7 Several staphylococci Staphylococci and anthracoid bacilli
8 Few E.coli and anthracoid bacilli -
9 Few anthracoid bacilli -

2.2.4 Use of DPW in Poultry Diets

Feeding trials indicate that DPW has a low energy content, contains some amino acids, and is
high in ash content, mainly calcium phosphorus. In addition, it contains few trace elements.
All those elements may effect the growth, feed consumption and conversion of broilers.
For laying hens DPW may be an acceptable element. The high ash content is creating
a problem in formulating mainly broiler rations due to the high Ca and P levels.

(a)  Laying hens

More emphasis has been placed on feeding DPW to layers than to broilers or baby
chicks. Inclusion of 10, 20, 30 and 40% DPW in rations for cage layers resulted in an
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increase in feed conversion and caused no significant differences in egg production,
shell thickness or egg weight. Eggs from the DPW-fed groups were of better quality as
measured by Haugh units (Flegal and Zindel, 1969, 1970Y).

York er al. (1970) reported that egg production, shell thickness and egg weight
were not affected by DPW in the diets, but that feed efficiency was inversely affected,
proportional to the amount of DPW in the diet. Also, too high levels of DPW in the
ration will decrease egg production and feed efficiency, and will increase mortality
according to Trakulchang and Balloun (1975).

Castro et al. (1984) conducted trials in which DPW was used in layer rations
calculated to be isocaloric and isonitrogenous. The inclusion levels of DPW were 10,
15 and 20%. They concluded that the highest inclusion of DPW caused reduction in
feed consumption, feed conversion ratio and egg weight. Layers in the later stages of
production seem to utilize this by-product more efficiently.

Biely (1975) measured the effect of several levels of DPW in diets of starter, grower and
layers on production, conversion, egg weight and fertility and hatchability. He concluded
that the inclusion of 10 and 20% DPW showed no deficiency in any essential nutrient nor
an excess of metabolites which may affect the above mentioned productive characteristics
(Table 2.4 and 2.5).

Ramteke ef al. (1994) examined the use of sun-dried poultry droppings with the
inclusions of 0, 5, 10, 15 and 20% to replace rice polishing. They concluded that shell
% and shell thickness were significantly (p < 0.01) high on feeding 20% DPW, but
albumen %, yolk %, yolk index and Haugh unit did not show any significant effect.
Organoleptic tests revealed no significant difference in taste, flavour and odour of eggs
from different groups.

) Broilers and chicks

Flegal and Zindell (1970%) fed several levels of DPW to white Leghorn chicks and
broiler chicks at 4 weeks of age. The mean body weight of the Leghorn chicks was not
influenced by 20% dietary DPW. However, the inclusion of 10 and 15% reduced the
body weight of the broilers. Feed efficiency was inversely related to the DPW level in
the diet. Biely et al., (1972) reached similar conclusions with Leghorn chicks; at high DPW
levels, their growth rate was lower and their feed efficiency was poorer. Rinehart et al.
(1973) observed that broiler faecal volume increased in a direct relationship with increasing
consumption of DPW, suggesting an atmost complete lack of nutrient utilization.

Cunningham and Lillich (1975) studied the effects of feeding 9.6, 19.1 and 38.2%
DPW to broilers. The highest level group showed lower average life weight and
the poorest feed conversion. They concluded that DPW may be fed to broilers at a level
below 20% without serious consequences.

El Boushy and Vink (1977) studied the effects of the inclusion of DPW in levels of
5, 7.5, 10, 12.5 and 15% in broiler diets formulated to be isocaloric, isonitrogenous,
equal in methionine and lysine, and constant in Ca : P ratio and fed up to 6 weeks of age
(Table 2.6). They concluded that a level of 5% DPW can be used in broiler rations with
no harmful effects. However, the 15% level slightly decreased body weight, growth and
increase in feed consumption. All differences at a 5% inclusion level were statistically
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insignificant. They concluded also that DPW was found to be an acceptable feedstuff
in an N-source. Its true protein content is rather low, however the level of methionine
and lysine could be obtained by the addition of synthetic versions. No harmful effects
were noticed due to NPN or uric acid at the 15% inclusion level of DPW, but it is not
a reliable source of energy. Olorede et al. (1995) reported from their broiler experiment
that the inclusion of DPW in a broiler standard diet of 0, 7.5 and 15% had no significant
effect on body weight gain. Feed consumption was increased with an increase in faecal
volume and depression of feed conversion as DPW increased.

Table 2.4. Body weight and egg production characteristics of growing and laying hens receiving 10 and
20% DPW in comparison with a basal diet. From Biely (1975)

Body weight Average hen-day  Average Feed per
egg production  egg weight doz.eggs
4wkP 12wkO 16 wi® 44 wk D 168 days 168 days 168 days
(g) (g) () (g) (%) (g) (g)
Basal 280.0 1528 2103 2506 60.4 55.4 2279.0
Basal + 10% DPW 250.0 1212 2086 2446 60.7 55.5 2251.7
Basal + 20% DPW 237.0 1177 2004 2484 57.5 54.8 25244

2 Mixed chicks
b pullets only

Table 2.5. The effect of feeding basal diets with the inclusion of DPW at 10 and 20% on fertility,
hatchability and average weight of day old chicks. From Biely (1975)

Hatch- Average  Average
ability weight weight
Dead germs of fertile day old of
Eggs Eggs pipped and  Chicks eggs chicks chicks
set Infertile dead in shell hatched (%) (g) (g)
HATCH 1 (11 days)
34 week old pullets
Basal 136 - 10 126 92.6 39.2 76.8
Basal + 10% DPW 136 5 128 96.2 38.1 82.3
Basal + 20% DPW 136 9 125 93.3 383 79.5
HATCH 2 (13 days)
39 week old pullets
Basal 136 9 123 93.2 35.2 99.3
Basal + 10% DPW 136 3 124 97.6 35.5 95.7
Basal + 20% DPW 136 12 124 96.9 35.2 102.5
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Effect of DPW on the flavour of eggs and broiler meat

To find out to what extent the flavour of eggs is affected by the inclusion of DPW
till 30% in layer diets, the boiled eggs produced by this treatment were presented to
a consumer preference panel. They did not detect a difference between control eggs 0%
DPW and 30% DPW inclusion eggs (Flegal, Goan and Zindel, 1970; Zindel, 1972).

In broiler meat, flavour was studied by a triangle taste test to study flavour differ-
ences caused by feeding 0, 9.6, 19.1, or 38.2% DPW to broilers. Flavour differences
could not be detected between the extreme treatments (Cunningham and Lillich, 1975).
Kese and Donkoh, 1982 also concluded from their trials that the carcass flavour was
not significantly different among dietary treatments influenced by the inclusion of
10% DPW in broiler diets.

(c)  Turkeys

When DPW was included in turkey diets with levels of 0, 5, 10 and 30% on the basis
of isocaloric and isonitrogenous formulation, body weight gain was not significantly
affected at 17 weeks of age. Also, plasma uric acid was not altered while plasma
phosphorus was raised in birds fed 30% DPW (Fadika, Walford and Flegal, 1973).
Also, Zindel (1974) reported from his work on turkey anaphage that the liveability was
not affected by using DPW in turkey diets.

2.3 BIOLOGICAL CONVERSION METHODS TO IMPROVE CAGE
LAYER MANURE

Cage layer manure in its fresh form contains 75-80% moisture which is closely
associated with the organic matter. This water makes fresh manure difficult to handle
and to transport. Therefore, fresh manure cannot be used in poultry nutrition without
dehydration and sterilization. Moreover, the high content of NPN as uric acid makes it
not very promising for use with monogastrics.

There are several possibilities for changing the poor structure of layer cage manure
and to result in a final product which is very rich in true protein and a useful
feedstuff for poultry:

* Biodegradation of manure

¢ The use of some natural living organisms to break down the hen excreta, such as
house-fly larvae, earthworms

* Fermentation

» Upgrading by aerobic digestion

* Oxidation ditch

* Algae culture

2.3.1 House-Fly Larvae: Musca Domestica L.

Biodegradation of cage layer manure by Diptera (flies) has been reported (El Boushy,
Klaassen and Ketelaars, 1985; Boda, 1990; El Boushy, 1991). Many species of Diptera
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grow and develop naturally in animal wastes. Particularly, the house-fly (Musca domestica)
was selected for this purpose because of its short generation interval. Under proper
conditions, it will complete a life-cycle in seven days or less, depending mainly on
the temperature. The idea of rearing flies on manure, however, is rather repulsive to
the general public when first considered. Rearing flies is also highly undesirable because
once they escape from the breeding area, they become a nuisance to man and animals.
It should be realized, however, that the end stage is not the house-fly itself, but the pupae
and larvae as a rich source of protein growing on poultry manure.

The biological digestion of poultry manure by Diptera pupae and larvae appears
to be a solution for the accumulation of large amounts of manure, if a reasonable
technological process can be developed. The house-fly larva is able to break up and dry
out the poultry droppings. The pupae and larvae with or without manure residue, are
then harvested and sterilized and can be used as a feedstuff with a high nutritive value.
Finally, a group of American scientists came to a new convertor of poultry manure to
a high quality feedstuff by using the black solder fly, Hermetia illucens L.

Sheppard et al. (1998) concluded that the black solder fly has a simple life cycle egg
hatches within 4 days, the larvae take 2-3 weeks to reach pupal stage. The final dried
larva meal contains C.P. 42.1%, Fat 34.8%, Fibre 7.0%, NFE 1.4%, Ash 14.6%, Ca 5.0%,
Moisture 7.9%, Methionine 0.86% and Lysine 3.37%. They concluded that this fly is
an excellent convertor of poultry manure to a rich feedstuff.

(a)  Technological aspects
The stages in the life-cycle of the house-fly (Musca domestica); family (Muscidae) are

egg, larva, pupa and adult. The larva moults twice so larvae have first, second and third
instars, each stage being larger than the preceding instar (Figure 2.2).

roen QD
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Figure 2.2. Life-cycle of the house-fly (Musca Domestica) showing stages: eggs, larvae of 1%, 2nd apg 3rd
instar, pupa and adult. Reproduced with permission from Axtell (1986).



The overall life-cycle of the house-fly (from egg to adult fly) is about 7-10 days in
the summer in warm areas and in cold areas is about 40-49 days (Table 2.7). Often
the temperature of the decaying and fermenting larval medium is considerably higher
than the prevailing air temperature. In this way, development occurs much faster than
anticipated by the climatic conditions.

Table 2.7. Time required for the total life-cycle of the house-fly at various temperatures. From Axtell (1986)

Temperature Time (days)
(C) average range
16 44.8 40-49
18 26.7 23-30
20 20.5 19-22
25 16.1 14-18
30 10.4 9-11
35 7.0 6-8

Cage layer manure is highly suitable for the development of fly eggs to pupa.
The idea of harvesting the pupa was first suggested by Miller (1969), who reported
that the separation of pupa from the manure can be easily done by flotation on
water. This, however, was difficult on a commercial scale. In addition, the prevention
of pathogen proliferation during incubation requires breeder flies developed from
disease-free stock.

Calvert, Morgan and Martin (1970) reported that 3 eggs per gram of manure is quite
effective for an optimum production of larvae. Miller and Shaw (1969) concluded that
the production of pupae is optimum when 0.5-1.0 g of house-fly eggs are inoculated
per kg of fresh hen manure.

A system was patented by Calvert, Morgan and Martin (1973) in which light caused
the larvae to migrate out of the manure through a screen into a lower compartment,
where they pupate and subsequently can be harvested.

During the digestion of the manure the larvae convert the sticky mass of manure into
an odourless loose crumbly product which can easily be dried and used as a feedstuff.
The great number of flies needed to catabolize a reasonable amount of manure and to
yield enough pupae requires close co-operation of several specialists. Calvert (1977)
estimated the maximum yield of pupae plus larvae to be 3.2% of the fresh manure.
Dry matter yield was about 4.0% on the basis of 25% DM content for manure and 32%
DM content for larvae plus pupae.

In practice manure is scraped from belts under the cages or it drops into a deep pit
known as deep manure accumulation. The growth of the pupae has to be introduced.
The first system has to be used because it allows conveyance of the scraped manure from
the house to a separate storage house. Scraping can be done once a week. The manure
then can be conveyed to a storage house by means of a swivelling conveyor which can
produce a manure bed of constant depth over the whole floor (Figure 2.3).
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Figure 2.3.  Cross-section of a layer house and a storage house equipped with swivelling conveyer.
Reproduced with permission from Kroodsma, Arkenhout and Stoffers (1985).

Every week the dropped manure should be inoculated with fly eggs (mixed with water
for an equal distribution), obtained from a disease-free breeder stock. The inoculation
ratio as mentioned before would be 0.75 g of eggs for each kg of fresh manure.

The incubation time of the house-fly is 7 days at high temperatures (35 °C) so
this means that the fresh manure added would have to be inoculated every 7 days.
When the manure storage house is full, the digested manure could be transferred
by conveyors to trucks and then dried and sterilized as shown in Figure 2.3.
A detailed description of the whole process of poultry waste has been reported previously
(El Boushy, 1991).

A heavy invasion of house-flies in the farm is possible. A hot-air cannon built into
the manure storage house would be sufficient to burn these flies and prevent invasion.
The final product after drying would be a mixture of fly pupae, larvae and manure
residue, a combination that is richer as a feedstuff than the untreated manure but incurs
the same costs as far as drying is concerned (El Boushy, 1991).

(b) Chemical analysis and nutritive value

The digestion of poultry manure by the larva reduces moisture content from 75-50%
and removed about 80% of the organic matter resulting in a product that is odourless,
loose and crumbly in texture (Miller, 1969; Miller and Shaw, 1969; Calvert, Martin and
Morgan, 1969; Miller, Teotia and Thatcher, 1974).

The residue from the digested manure and the pupae is rich in protein and low in NPN.
The ME values of the house-fly pupae and digested manure are 10.58 and 2.43 MJ/kg,
respectively (Teotia and Miller, 19702; Miller, Teotia and Thatcher, 1974).

Pupa meal is a good source of limiting amino acids, particularly arginine, lysine and
methionine. Its amino acid content is higher than those of soybean meal and equal to
that of meat and fish meal. House-fly pupa meal is a good source of protein, amino
acids, fat and minerals for chick starter rations (Teotia and Miller, 1974). Tables 2.8
and 2.9 are summarizing the chemical composition of fresh, dried and digested poultry
waste and of the dried house-fly pupa.
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Table 2.8. Chemical composition of fresh, dried and digested poultry waste and the dried pupae on air-dry
basis. From (1) Teotia and Miller (1974) and @ E Boushy and Vink (1977)

(1) (2)

% Dried pupa Fresh manure Digested manure Dried manure
Crude protein 61.4 46.9 17.6 24.3
Crude fat 9.3 26 1.6 4.1
Crude fibre - 18.1 19.1 10.1
Ash 119 22.7 30.1 35.8
Minerals
Ca 0.9 5.1 2 10.6
P 14 34 1.9 2.7
Magnesium - 43 4.6
Potassium 0.9 1.7 31 24
Manganese (ppm) 370 276 432 -
Copper  (ppm) 34 68 59 -
Zinc (ppm) 275 376 545 -
Iron (ppm) 465 560 544 -

Table 2.9. Content of amino acid percentage in dried pupa and in manure on air dry basis. From (D Teotia
and Miller (1974) and @ El Boushy and Vink (1977)

Amino acids (1) (2)
(%)
Dried pupa Dried manure

Arginine 37 0.53
Glycine 24 0.93
Histidine 2.0 0.19
Isoleucine 2.4 0.66
Leucine 34 0.94
Lysine 38 0.56
Methionine 1.6 0.29
Phenylalanine 3.0 0.53
Thyronine 2.1 0.60
Valine 2.7 0.83
Glutamic A 7.2 1.69
Alanine 2.5 1.07
Tyrosine 38 0.40
Cystine - 0.21
Proline 23 -
Serine 1.9 0.72

Aspartic A 53 1.22
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(c)  Use of pupa meal in feeding

Dried, ground house-fly pupae meal (63.1% protein) was equal to soybean meal (50%
protein) in supporting growth of the chick through the first two weeks of life (Calvert,
Martin and Morgan, 1969).

Teotia and Miller (197029) investigated the nutritive value of fly pupae and digested
manure by means of two feeding trials. In the first trial, dry, ground pupae or manure
residue were used to replace all protein supplements to a chick starter diet. White
Leghorn chicks were fed the diets from one day old until 4 weeks of age. Chicks fed
the diet containing fly pupae had slight but not significantly better feed conversion and
weight gains compared with control birds. Replacement of soybean meal with manure
residue failed to support growth at control levels. In the second trial, broiler chicks
were fed a diet containing dry ground pupae as the only protein supplement from
one day to seven weeks of age. These chicks received no trace minerals or B-vitamin
supplements in their diet. In comparison to control chicks receiving a fully balanced
diet, no significant differences in body weight or feed conversion were noticed. The
results of this evaluation indicated that dried fly pupae have potential as a protein
supplement in chick starter and broiler diets.

Ernst et al. (1984) fed dried and ground house-fly pupae to laying hens for 7 months.
Pupae meal was added in diets to replace meat and bone meal, and raise the protein
content from 18-19.3%. The pupae meal increased egg yield by 3.6% and hatchability
of eggs by 12% in comparison with control. However, Peter et al. (1985) found that
broilers had significantly greater weight gains when given feed with 2.5 or 5% poultry
excreta dressed with house-fly (Musca domestica) than those given a mash equal in
protein and energy but without poultry excreta.

2.3.2 Earthworms

Biodegradation of animal and bird waste and municipal sludges by earthworms has
been reported by many research workers (Collier and Livingstone, 1981; Satchell, 1983;
Lofs-Holmin, 1985; Edwards and Neuhauser, 1988). Earthworms are harvested for use
as a high-protein feed ingredient. The waste residual dirt is called castings which can be
used effectively as a fertilizer for plant growth. Faecal material from animals may serve
as a sole source of feed for worms. Culturing of earthworms on the faecal wastes of
farm animals represents a great potential both for the production of animal protein, and
as a method for biological digestion and disposing of such wastes.

(a)  Technological aspects

The stages of the life-cycle of the earthworm are adult, cocoons and young worm.
The earthworm is hermaphroditic, which means that each worm has both male and
female organs. Copulation occurs through the clitellum, the glandular swelling located
about one-third the length of the worm from the head. The worms meet and overlap
each other with their heads going in opposite directions. As the clitella of the two
worms meet, large quantities of mucus are secreted which will bind the worms together.
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Each worm acts as a male and gives off seminal fluid which is stored. After the worms
have separated, a slime tube which is formed by the clitellum of each worm, is worked
forward over the body and collect a few eggs from the oviducts, and receives sperm
from the seminal receptacles where they have been stored. The slime tube is gradually
slipped off over the head, closing to form a greenish-yellow cocoon.

The cocoon of the “red wigglers” is about 0.3 cm in diameter and lemon shaped.
Under favorable conditions copulation and production of cocoons takes place once
every three to five days. Each cocoon usually produces two to ten worms after an
incubation period of approximately three to five weeks. The young worms grow rapidly
and within one month from the time of hatching they may be able to reproduce, while
six months’ time is needed for a full- size worm. Earthworms may live to be more than
ten years (Abe, Braman and Simpson, 1985).

The particular species of earthworm used is a matter of choice as far as the media
(organic waste), temperature and humidity are concerned. There are nearly 2000 species
of earthworms in the world but only a few species are suitable for culturing organic
waste materials. Generally they grow and reproduce at high rates, but each has its
special properties which make it more or less suitable for different purposes. The most
attractive earthworm as far as length and weight are concerned is the Lumbricus species,
L. terrestris. This is the largest lumbricid found in Northern Europe. However, it reproduces
and grows slowly, and moreover, is difficult to cultivate. The species is attractive for its
size, up to 30 cm (10 g), and is mostly used for fish bait (Lofs-Holmin, 1985).

In general, the production of earthworms is greatly influenced by temperature,
the survival percentage and the total cocoons produced. Production increases sharply
with increasing temperature up to 25 °C (Table 2.10). The production characteristics
and the biological data of the several species fed on manure or sludge are presented
in Table 2.11.

Table 2.10. Survival and cocoon production of three earthworm species at different temperatures. 5 replicates
with 4 worms fed with sludge for 10 weeks. From Loehr ef al. (1984)

Species Temperature °C
10 15 20 25 30 35

E. foetida

% survival 100 100 100 100 50 0

total cocoons 0 111 353 410 0 0
E. eugeniae

% survival 40 90 100 90 15 0

total cocoons 0 4 183 867 0 0
P. hawayana

% survival 65 75 60 80 0 0

total cocoons 0 0 1 32 0 0
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Table 2.11. Biological data (maximal values) for some earthworm species fed on manure or sludge. From
Lofs-Holmin (1985)

Species Maximum Start of cocoon Cocoons Young Optimum

weight production at perworm per temp.

(g) age (days) per week cocoon (C)

E.foetida 2.4 30 6 1.6-3.8 20-25
L.rubellus 2 60 5 1 15-18
L.terrestris 10 100 0.7 1 15-18
E.eugeniae 8 30 11 1.2-2.7 25-28
P.excavatus 1.58 20 24 1 25-28
D.veneta 4 40 5 1 20-25
P.hawayana 2.5 40 10 1 25

(b) Production of earthworms

It is outside the scope of this chapter to deal with the technology of worm production
in detail; the references available have been mentioned already. Systems to produce
earthworms commercially in beds, boxes or continuous flow systems, as a source of
protein must be controlled environmentally. Waste must be added regularly in small
amounts to prevent high temperatures from developing and earthworms can colonize
all of the organic matter.

Under these circumstances the worms can utilize the micro-organisms growing on it
to the maximum. Wastes used as layer deep litter manure must be modified to produce
a suitable moisture content. Temperature, ammonia and salt content must be reduced
to acceptable levels by leaching, composting or some other methods, before the worms
can be grown successfully. A rapid rate of growth and multiplication of earthworms,
and an efficient conversion of organic wastes into earthworm tissue protein would
mean that systems could be developed using a minimum of labour or sophisticated
technology (Edwards and Niederer, 1988).

Growing worms in beds, filled with animal waste to a depth of about 50 cm, in
successive shallow layers, at regular intervals, by automatically operated gantries, is
an easy and non-labour-intensive system.

(c)  Harvesting of earthworms from wastes

Worms reach their optimum growth at relatively high moisture levels. This raises harvesting
problems, since it is not easy to separate worms mechanically from the organic matter at
such a high moisture contents. Therefore, some drying before harvesting is necessary.
Machinery for separating worms from organic materials has been developed at
Rothamsted and the National Institute for Agricultural Engineering, Silsoe, and has
been patented (Phillips, 1988). The efficiency of this machinery in terms of percentage
recovery of worms is very high. The machinery that has been developed currently, will
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separate worms from about 1 t of waste per hour, if necessary, this machine can be
automated and scaled up to increase throughput. However, the rate of separation of
worms from waste is still too slow and labour-intensive to make production of protein
for animal feed and economic process on its own. Figure 2.4 shows the separation

and the vermicompost facilities.

Figure 2.4. Lay-out of vermicomposting facilities. Reproduced with permission from Collier and Livingstone

(1981).

Indoor Facilities Outdoor Facilities
Windrow Protection From Inclement Weather Additional Windrows

Harvesting Screening
Separation of Earthworms From Earthworm Castings

STERILE

Sterilization and Drying Depuration of Earthworms

MARKET

Trucking Bulk and Bagged Earthworm and Castings to Market
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The nutritive value of earthworms plus its dirt (Castings), plus the remaining waste
after drying, is of great importance and needs further research. Fosgate and Babb (1972)
used calf manure to produce earthworms and they reached a production level of 1 kg
(fresh) earthworms-2 kg manure dry matter. On the basis of information obtained from
their study, a herd of 100 cows, producing 3174 kg of manure per day would yield
42.3 kg dried earthworm protein per day or 15.4 t annually (Fosgate and Babb, 1972).

(d)  Processing of earthworms for animal feed

After the mechanical separation of the worms, they are washed thoroughly and left in
water for several hours to evacuate residual waste in their guts. Processing of worm
meal was developed at Rothamsted Experimental Station, Harpenden, UK. Edwards and
Niederer (1988) reported the several methods of processing worms as follows:

¢ Incorporation with molasses

* Ensiling with formic acid

e Air drying

* Freeze drying

¢ Aceton heat drying

¢ Oven drying

Two of the methods produced a mixed product and the other four a dry worm meal.
The most relevant ones for poultry nutrition are air and oven drying. In air drying the
worms are blanched in boiling water for 1 min., then dried in air and ground. This needs
high ambient temperatures. In oven drying a dry meal was produced by killing and drying
worms in trays in a large commercial oven at 80 °C for 2-4 h and then grinding them
up into a dry powder. Figure 2.5 shows a scheme for worm processing to composts,
wet protein and dry protein.

(e) Chemical analysis and nutritive value

Earthworm meal is a rich source of protein which contains a well balanced mixture of
essential amino acids and also a reasonable percentage of minerals.

Fosgate and Babb (1972) reported a partial analysis of the earthworm meal as
follows, 22.9% DM, containing 58.2% crude protein, 3.3% crude fibre, 2.8% crude
fat, 0.90% P, 0.54% Ca, 0.88% K and 0.19% Mg. Taboga (1980) concluded from his
complete analysis that the protein percentage is high (or average 66.5%) and the amino
acid content of the product corresponded fairly well with the amino acid requirement
of poultry recommended by NRC (1971). Fisher (1988) reported that the worm meal
has the following composition: moisture 5%, ash 10%, crude protein 68%, Ca 0.58%,
available phosphorus 0.8%, Na 0.11%, K 0.16%, Cl 0.006% and ME 11.5 MJ/kg.
As far as the earthworm protein quality is concerned, only a few in vivo results are
available. Results from rat growth assays were reported by Schulz and Graff (1977)
that earthworm protein (E. foetida) has a biological value of 84% and a net protein
utilization of 79%. Both values were excellent in comparison with fish meal protein
tested at the same time. Tables 2.12 and 2.13 show the analysis of earthworm meal by
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several authors. It may be concluded that this feedstuff has excellent nutritional values
which are equivalent to fish meal or meat meal. This feedstuff will be produced as
pure earthworm meal grown on manure or mixed with castings plus manure it will be
a solution to the huge accumulation of layers’ cage waste.

WORM
FREE
WASTE

WORM/WASTE
SEPARATOR

Figure 2.5.

WORMS

BLENDING IN

DRYING STERILIZING OF OTHER

COMPONENTS

SIEVING

PACKAGING

COMPOSTS

WORM ENSILING |—| PACKAGING
CLEANSING

DRYING MILLING PACKAGING

with permission from Phillips (1988).

WET
PROTEIN

DRY
PROTEIN

Lay-out of earthworm processing to compost, wet and dry protein feedstuffs. Reproduced

Table 2.12. Gross energy and nutrient content of earthworms (Eisenia foetida). From ) Mclnroy (1971);
(@ Fosgate and Babb (1972); () Schulz and Graff (1977); () Sabine (1978); ) Taboga (1980)
and (©) Hartenstein (1981)

(1) (2) (3) (4) (5) (6)

Dry matter (%) 12.9 229 20-25 15-20 18
As % of dry matter:

Protein (N x 6.25) 68.1 58.2 66.3 2-64 62-71 65

Fat (ether extract) 6.4 2.8 79 7-10 2.3-4.5 9

Fibre 33

Carbohydrate 14.2 21

Ash 52 11.6 8-10 5-8

Calcium 0.54 0.55 0.3-0.8

Phosphorous 0.90 1.0 0.7-1.0

Gross energy (MJ/kg) 16.4-17.2
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Table 2.13. Amino acid composition of earthworm protein (g/100 g of 5protein). From (D Mclnroy (1971);
() Taboga (1980); (3) Sabine (1981); 4) Graff (1981) and ) Morrison (1957)

(17 ) (3)° (47 4)F (5) ()
FmA Mm@
Ala - 5.4 - 6.0 52 . .
Arg® 6.1 73 6.8 6.1 6.1 6.7 6.5
Asp - 10.5 - 110 10.3 - -
Cys 1.8 1.8 3.8 1.4 1.6 1.1 13
Glu . 13.2 - 15.4 13.8 14.8 138
Gly - 43 48 - - 4.0 72
His® 2.2 3.8 26 2.3 2.6 2.0 2.5
Ile® 4.6 53 42 47 4.5 35 6.0
Leu® 8.1 6.2 7.9 8.2 7.9 6.4 8.4
Lys® 6.6 7.3 7.1 75 7.1 6.9 10.4
Met® 1.5 2.0 3.6 1.8 2.0 15 3.0
Phe® 4.0 5.1 3.7 3.5 4.1 35 42
Pro - 53 - - - - -
Ser - 5.8 4.7 4.8 4.8 - -
Thr® 5.3 6.0 48 47 48 33 46
Try® - 2.1 - - - 0.5 1.1
Tyr - 46 22 3.0 34 16 3.0
Val® 5.1 44 49 5.2 5.0 47 57

2 FEisenia foetida.

Mixture of E. foetida and Lumbricus rubellus.
€ Eudrilus eugeniae.

FM, Fish meal; MM, Meat meal
€ Essential amino acids.

)] Use of earthworm meal in feeding

Earthworm meal has been tested in poultry rations by many scientists throughout the
world. Harwood (1976) in Australia; Yoshida and Hoshii (1978) and Mekada et al.
(1979) in Japan; Taboga (1980) in the United States and Fisher (1988) in the United
Kingdom. Birds fed on earthworm meal as the major source of protein in the diets have
all grown at rates equal to or better than those displayed by birds fed conventional
protein meals. Harwood (1976) and Mekada et al. (1979) reported that chickens fed
on earthworm meal had better feed-conversion ratios than control birds, i.e. the same
weight gain could be obtained from less feed consumed.

Mekada et al. (1979) made an extremely complex substitution when using 5% worm
meal in diets for chickens. No effect on growth rate was observed but there was a
trend to reduced feed consumption. They also reported successful experiments with
laying hens in which raw worms were fed, which is similar to the natural behaviour of
adult poultry. Taboga (1980) mainly fed live worms with maize and vitamin supplements.
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He concluded that growth rates were equivalent to controls. He used also worm meal
“powder” (desiccated naturally for 24 h) which was fed at an inclusion level of 35%
together with maize and vitamins. Chickens showed a normal feed intake and a slight
growth depression in comparison with control diets.

Practical trials in China showed that worms (boiled and chopped) could replace fish
meal and give improved growth performance (Jin-You et al., 1982), while Sugimura
et al. (1984) substituted 6% freeze-dried worm meal for fish meal with no effects on
growth or feed consumption.

Finally, Fisher (1988) concluded that when worm meal formed 7.2% of the diet and
provided about 25% of the dietary protein, there was virtually no effect on the growth
and feed intake of the chickens nor on dietary ME or N-retention. However, at higher
levels of inclusion, there is a small but significant depression in growth and feed
conversion efficiency (Table 2.14). Feed consumption tended to decline but the overall
effect of the treatments was not significant (P > 0.05). It was concluded that this
reduction in feed intake may have been due to some physical or chemical characteristics
which tend to affect the palatability of the meal for chickens.

Table 2.14. Performance of chicks given feeds containing different levels of worm meals. @ From Fisher (1988)

Level of worm meal, %

0 72 14.4 215 SEMP
Proportion of protein from worm meal 0 0.24 0.48 0.71
Initial liveweight, g 203 201 198 201
Final liveweight, g 735 722 677 674
Weight gain, g 532 521 479 473 164"
Feed consumption, g 820 830 774 778 19.9NS
Gain/feed 0.649 0.628 0.619 0.608 0.009™*
Diet GE, kl/g 17.752 18.016 18.020 18.154
ME/GE 0.738 0.730 0.713 0.710 0.003***
N-retention, g/g diet N 0.588 0.573 0.569 0.599 0.011NS

3 Each feed was given to four replicate groups of six broiler chicks (Ross I) from 14-28 days of age.
No birds died. Diet ME and N-retention were determined at 25-27 days of age by incorporation of an
indigestible marker (TiO,) in the feed.

b Standard error of mean and significance of diet effect; NS - not significant, * p < 0.05, * p < 0.01;

* kK

p < 0.001.
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(g)  Biohazards of earthworm meal

Before starting to use earthworm meal in poultry nutrition, some further work is
needed to ascertain whether it might carry disease or contain toxic residues. Brown and
Mitchell (1981) have shown that the concentration of Salmonella spp., a major disease
organism of poultry, can be significantly reduced in laboratory culture by the presence
of E. foetida. Augustine and Lund (1974) showed that earthworms are not ordinarily
significant in the natural distribution of an important parasitic nematode, Ascaridia Galli
in chickens. However, studies on the persistence of disease organisms in earthworm
meal that is prepared for inclusion in poultry rations will be essential, especially when
the worms are cultured on poultry manure.

Toxic residues accumulated by earthworms, including metals and agrochemicals
in particular, were cited by many scientists. Accumulation of metals such as lead,
cadmium, chromium, copper, nickel, mercury and zinc by earthworms was cited by Gish
and Christensen, (1973), Hartenstein, Neuhauser and Collier (1980) and Beyer (1981).
Worms seem to tolerate large concentrations of these metals in their tissues and
continuous monitoring will be necessary if earthworms are introduced in large quantities
as a feedstuff.

2.3.3 Aerobic Fermentation of Poultry Waste

Upgrading poultry manure by aerobic fermentation will convert the harmful uric acid
NPN to a non-toxic form. Meanwhile the N of this uric acid will be used by the aerobic
bacteria to form a cell mass which is higher in true protein and N content than the
original manure.

Few results have been published in this field except some popular articles with
promising results concerning processing (Jackson, 1970; Harmon et al., 1972, 1973;
Miiller, 1977; Taiganides, 1977; Vuori and Nisi, 1977; Austic et al., 1978; Shuler et al.,
1979; Taiganides, Chou and Lee, 1979; Martin, 1980; El Boushy, Klaassen and
Ketelaars, 1985 and Dafwang et al., 1986). Rapid advances in physical, chemical and
fermentation technology could provide better methods for the conversion of manure
into a product of high nutritive value for poultry nutrition. When pollution control
processes are costly, it is wise to combine waste treatment with resource recovery
processes to produce feedstuffs for poultry nutrition (Figure 2.6).

(a)  Technological aspects

Vuori and Nasi (1977) concluded that upgrading of poultry manure by fermentation is
based on the conversion of uric acid to a non-toxic form and on the addition of energy
to assure a good fermentation. They isolated 41 bacteria and 8 yeast strains effective in
eliminating uric acid. The final fermented product showed a much higher concentration
of amino acids than the original poultry manure.

Austic et al. (1978) and Shuler et al. (1979) developed a two stage continuous
fermentation process for converting poultry manure into a high protein containing
product. The protein was particularly influenced by the N-content of the fresh manure
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and by the retention of N by the fermentation process. The two stages are needed
because the uric acid catabolism is inhibited by the presence of many readily assimilable
carbon sources.

In the first stage uric acid is converted into ammonia that can be used in the second
stage for the production of an almost pure culture of Pseudomonas fluorescens. Less
then 5% of the biomass consists of other organisms.

In the second stage a carbon source needs to be added to the nitrogen-rich, carbon-poor
effluent of the first stage. Centrifugation of the material from the second stage gives:
¢ aclear yellowish brown supernatant;

* alight brown “creamy” layer of cellular biomass single cell protein (SCP); and
* a hard-packed dark-brown layer (thick layer), containing bacterial cells and
undigested material (sand, oyster shell fragments, grain hulls ezc.).

Figure 2.7 shows the process scheme for converting poultry manure into a high-
protein feedstuff. This process shows two stages giving the chemical reaction of the
uric acid and the carbon source.

Shuler et al. (1979) are research workers in this field in the U.S.A. who developed a
process of aerobic conversion of poultry manure into high protein feedstuff. Their method
was described as follows:

SOLIDS
SEPARATOR
(FIRST STAGE) (CENTRIFUGATION) (SECOND STAGE)

POULTRY URIC ACID + 02 +
MANURE COp+ NHj+ CELLS + BASE +..

MORE CELLS + CO,+ ACID +...

f f WASTE ? f T

ACID SOLIDS CARBON AR BASE
SOURCE

MAKE-UP WATER ——

. WATER FOR RECOVERY STEPS
-

RECYCLING (CENTRIFUGATION,
DRYING)
LIQUID PURGE HIGH-PROTEIN FEED PRODUCT

Figure 2.7. A scheme showing converting poultry manure to a high-protein feedstuff. The stages show
the chemical reaction of the uric acid and the carbon source. Reproduced with permission from Shuler
et al. (1979).
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¢ Manure: manure without litter mostly from layers (25-28% solids), was collected,
slurried and blended with adding chilled water, and was screened to remove feathers
and shells (screening removes 15% of the total solids). Water was added to bring the
slurry to the desired solids concentration (about 10 g/liter).

The supernatant liquid from slurried manure contains approximately 80% uric acid
nitrogen, 10% ammonia nitrogen, 2% protein nitrogen and 8% other nitrogenous
compounds (urea, nucleosides, ezc.).

» Fermentation: fermentation took place in a 14 | vessel fermentor equipped with
mechanical foam breakers. The pH was controlled, peristaltic pumps were used to feed
the system by pumping first-stage effluent into the second stage. Chemicals were added
also with the aid of the pumps. Aeration and agitation were maintained at high levels
to prevent oxygen from becoming the rate-limiting nutrient. Sugar was added to the
product of the second stage. The content of the reservoir, which was kept at 2-3 °C
was mechanically mixed. During the fermentation process the following was measured:
ammonia nitrogen, uric acid, total oxidizable carbon, turbidity and amino acids. Some of
the microbes involved during the fermentation were Micrococcus, Pseudomonas,
Arthrobacter and Corynebacterium and others (18 strains in total).

It may be concluded from their work that at least two stages are required to
upgrade manure, since uric acid catabolism is inhibited by the presence of many
readily assimilable carbon sources. The main purpose of the first stage is to convert
the uric acid into ammonium ion. The second stage a carbon source is added to the
nitrogen-rich, carbon-poor effluent from the fist stage to produce a medium suitable for
the rapid growth of bacteria and conversion of the fixed nitrogen into predominantly
protein. The product recovery has been explained before as pointed out by Shuler
et al. (1979).

(b)  Chemical analysis and nutritive value

Miiller (1977) reported that the end result of the aerobic fermentation process [single
cell protein (SCP) and yeast] was very promising for yield and final product quality,
which is characterized by a 50% crude protein and an amino acid pattern rather similar
to that of soybean meal.

Austic et al. (1978) concluded from their experiments that poultry manure can
be upgraded by controlled fermentation to a high protein material which may have
potential value in the feeding of monogastric animals and birds. They analyzed the SCP
of the aerobic fermented manure and found a true protein level of 40% and an amino
acid content of lysine 3.4%, methionine 1.0-1.16% and cystine 0.16%. They concluded
that the thick layer of fermented product contained a similar amino acid profile in
comparison with the SCP fraction except for lysine which was lower.

Shuler ez al. (1979) noticed that a similar product with tube settlers in place, contains
about 45% crude protein and has a quite attractive amino acid profile averaging about
9.3% lysine and 2.9% methionine with 59.1% as essential amino acids. Lysine and
methionine are typically the limiting amino acids in many feedstuffs. The amino acid
profile from this product is compared with several feedstuffs (Table 2.15).
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Table 2.15. Amino Acid Content of poultry manure and its various fermentation products in comparison
with some selected feedstuffs. From (1) Vuori and Nasi (1977);  Shuler er al. (1979); 3 El
Boushy and Vink (1977) and ¥ Scott et al. (1982)

(1) (2) (3 4)

% Ferm.Waste Soybean Herring
Amino Acids PM PML PMS CM  and product®* DPW Meal Meal
Aspartic acid 0.78 1.47 0.75 3.49 - 1.22 - -
Threonine 0.36 0.85 0.43 1.04 3.48 .60 1.80 2.80
Serine 0.43 0.82 0.46 0.56 - 12 - -
Glutamic acid 1.04 1.88 1.03 241 - 1.69 - -
Proline 0.33 0.49 0.41 0.90 - - - -
Glycine 1.68 0.85 0.48 1.81 - .93 2.10 5.90
Alanine 0.53 1.26 0.60 2.34 - 1.07 - -
Valine 0.34 0.83 0.48 1.74 429 .83 2.30 3.50
Cystine 0.00 0.00 0.00 0.00 0.27 21 0.67 1.20
Methionine 0.11 0.35 0.06 1.11 1.94 .29 0.65 2.00
Isoleucine 0.35 0.82 0.40 1.71 3.82 .66 2.50 3.70
Leucine 0.44 1.03 0.66 2.27 5.23 94 3.40 5.10
Tyrosine 0.24 0.53 0.19 1.55 2.61 40 0.70 2.10
Phenylalanine 0.28 0.68 0.42 0.00 3.28 53 2.30 2.80
Lysine 0.28 0.73 041 1.27 6.23 .56 2.90 6.40
Histidine 0.13 0.29 0.14 0.63 2.55 .19 1.10 1.60
Arginine 0.26 0.74 0.31 1.47 5.16 .53 3.20 6.80
Tryptophan - - - - 1.01 - 0.60 0.90

PM:poultry manure; PML: poultry manure fermented (laboratory) + cell mass; PMS: poultry manure
fermented + cell mass; CM: cell mass only (separated from PMS).

2 true protein was 67%

The bacterial product of the pure cultures of the strain of Ps. fluorescens, yields a
product with 67% true protein, although lysine (8.3%) and methionine (2.5%) values
are slightly lower than with the waste-grown bacterial product with the tubesettlers.
The product contains 7.5-11.3% lipids, 12-19% ash, 1.9-2.5% Ca, and 1.5-2.8% P. ME
has been determined to be 15.09 MJ/kg (Shuler et al. 1979).

(c)  Its use in feeding

As far as degradation of poultry waste is concerned, few research workers have published
the effect of this product in poultry nutrition. Dafwang et al. (1986) used a combination
of broiler house litter and offal from broiler processing plant. This combination
(Fermway) is aerobically fermented. This product will not be discussed because
aerobically fermented poultry manure is not similar to the well known traditional cage
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layer manure. For example this product possibly contains residuals as antibiotics or
other medicines. The most relevant research which may be related to this point is the
work of Bragg et al. (1975). They reported that there was no adverse effect on body
weight by the addition of digested waste to the chick diet at the 5, 10, 20 and 25% level.
However, final body weights for the 5 and 10% waste diets were consistently above
those for the control diet. Feed conversion improved when the digested waste was
increased in the chick diet using fraction one (high in crude fibre). The use of the
second fraction did not affect feed utilization (Table 2.17).

2.3.4 Oxidation Ditch of Poultry Waste

The oxidation ditch is a highly technological process which is used on large farms for
all livestock wastes and for the treatment of municipal sewage to control odours and
to upgrade its nutrient level. The aerobic process utilizing oxidation ditch was found to
be very effective in stabilizing the manure, when mixed with water and in increasing
the percentage of microbial cells (Irgens and Day, 1966; Day, 1967). The efficacy
of the oxidation ditch in reducing the biological oxygen demand (BOD) of the liquid
manure up to 90% was reported by Jones, Converse and Day (1969). The procedure
and facility of the oxydation ditch system have been described in greater detail by
Day, Jones and Converse (1970).

(a)  Technological aspects

The theory of the oxidation ditch system is based on supplying the liquid manure with
air to reduce the BOD. The result is a clear supernatant and a residue.

Harmon ez al., (1972) described the technological aspects of oxidation ditch as
follows: swine were housed in environmentally controlled buildings, with partially
slotted floors. Mostly, hens are arranged in such a way that slotted sections are over a
continuous raceway (gutter). In the case of layers kept in cages, the system is known
as Indoor Lagoons (Al-Timimi, Owings and Adams, 1964). Normally the manure is
propelled around a raceway at approximately 0.4 m/s with a roter forming an oxidation
ditch. Oxidation ditch mixed liquor contains an average of 3.5 ppm dissolved oxygen
with a pH range of 6.6-6.7. The oxidation ditch mixed liquor is maintained at a depth
of 0.5m using an overflow stand pipe.

To collect solids, the rotor has to be raised to obtain a blade immersion depth of 0.08 m
or less. This will reduce the velocity of the liquids in the ditch and allow solids to
settle on the bottom. After the end of the process, the supernatant may be drained and
used as an animal drinking water. The solids (oxidation ditch residues) may be dried by
spreading them in thin layers at 40 °C.

Taiganides, Chou and Lee (1979) reported that the mixed liquor is odourless and
brown in colour. Solids settle out readily, producing a clear supernatant. The effluent does
not contain any solid material. Its BOD varies between 50-70 mg/l. The clear supernatant
can be used for drinking water for birds and animals (Figure 2.8), and it contains rich
nutrients which add a certain value to the total ration of animals and allow a lower protein
level to be given in the diet (Miiller, 1977). The oxidation ditch residue consists of an
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Figure 2.8.  Cross-section of experimental facilities employed for utilization of aerobically stabilized
oxidation ditch using poultry manure as a tap water substitute. Reproduced with permission from Martin
(1980).

upper fraction, containing a slimy appearing, microbial protein which is higher in protein
and amino acids than the lower “thick” layer (Harmon et al.,1972).
Disadvantages of the oxidation ditch are:
» Disease transmission and concentration of feed additive residues (Calvert, 1977).
» The production of nitrates/nitrites in case of a large supply of oxygen to the system
Johnson et al., 1977).
If the oxidation ditch system is functioning efficiently, health hazards will be of a
minor importance (Miiller 1980).

(b) Chemical analysis and nutritive value

The most relevant reports on the chemical analysis and nutritive value of the oxidation
ditch fractions were reported by Harmon et al. (1972) who worked on swine manure.
They found a significant increase in the amino acid fraction of dry matter in swine
manure following aerobic stabilization in an oxydation ditch (Tables 2.16 and 2.17).

The nutritional value of the oxidation ditch mixed liquor (ODML) is high. Its protein
content varies between 25-50% crude protein, and it has a high level of essential amino acids.
The energy content is low because of the high mineral level (Miiller, 1980).

Taiganides, Chou and Lee (1979) analysed the mixed liquor suspended solids from
the oxidation ditch and found that the composition of the solids on dry matter basis, was
48% crude protein, 8.6% crude fibre, 31% ash, 3.6% P and 2.8% Ca.

(c)  Its use in feeding

Harmon et al. (1972) used settled solids from swine waste collected from an oxidation
ditch to substitute other protein sources in studies with weanling rats. They concluded
that the oxidation ditch residue (ODR) could replace 33 or 50% of the protein of casein
or soybean meal without affecting growth.
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Table 2.16. Chemical analysis (air dry basis) of ODML, upper and lower fraction from swine and poultry in
comparison with dried poultry waste. From (1) Harmon et al. (1973); () Harmon et al. (1972);
() Miiller (1980) and ) El Boushy and Vink (1977)

(1) (2) (2) (3) (4)
Lower Upper
fraction of fraction of ODML
% ODML swine ODR swine ODR swine poultry DPW
Crude protein 49.00 27.70 31.80 - 243
Ca 333 1.60 1.60 - 10.6
P 3.83 1.50 1.50 - 2.7
Mg 1.49 - - - -
Na 2.75 - - - -
K 4.14 - - - 2.40
Lysine 142 0.32 0.72 - 0.56
Histidine 0.47 0.10 0.28 0.80 0.19
Arginine 1.28 0.33 0.74 1.43 0.53
Threonine 1.96 0.39 0.67 - 0.60
Valine 2.06 0.43 0.75 - 0.83
Isoleucine 1.49 0.29 0.51 1.40 0.66
Leucine 279 0.51 0.92 248 0.94
Methionine 0.77 0.13 0.22 0.69 0.29
Aspartic A 373 0.74 1.28 - 1.22
Serine 2.55 0.33 0.57 - 0.72
Glutamic A 5.06 0.89 1.59 - 1.69
Proline 1.29 0.33 0.61 - -
Glycine 2.29 0.49 0.86 - 0.93
Phenylalanine - 0.23 0.72 1.34 0.53
Alanine 2.83 0.58 0.98 - 1.07
Tyrosine 1.17 0.29 0.56 1.15 0.40
Cystine - - - 0.43 0.21
Tryptophan 0.28 - - - -

ODML = oxidation ditch mixture liquor; ODR = oxidation ditch residue; DPW = dried poultry waste.

Harmon et al. (1973) fed ODML to swine, which served as a nutrient solution mixed
with dry feed. It improved weight gain and feed efficiency significantly (P < 0.05) when
fattening pigs were fed a dry diet that was margined in protein. The nutrient solution
contained 3% dry matter. The addition of ODML increased protein intake by 2.5%
and lysine intake by 0.1%. Addition of ODML to maize alone did not significantly
increase gain or feed efficiency.

Johnson et al. (1977) studied recycling ODML as the only source of drinking water
for laying hens. When the dissolved oxygen content of the ODML rose from 4.7-6.0 ppm
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and the nitrate level increased from 210-1300 ppm, egg production dropped sharply.
However, the laying hens were able to recover much of their production loss after being
subjected to these levels, or slightly lower ones, for several weeks. The initial weight
of the experimental birds was 1679 g. At the end of the study, these birds averaged 1769 g.
The corresponding weights for the controls were 1695 and 1817 g, respectively.

Martin (1980) reported an experiment with laying hens in which three separate
feeding trials over three years were carried out. In these studies aerobically stabilized
poultry manure from an undercage oxidation ditch was used which substituted for tap
water (Tables 2.18 and 2.19). For the three trials, egg production by the hens receiving
the aerobically stabilized oxidation ditch poultry manure exceeded that of the control
group by an average of 2.6-1.7%. No significant differences were observed in final body
weights between the two groups of hens in any of the three feeding trials.

Table 2.17. Chemical analysis of poultry waste, wet and dry, in comparison with the two fractions after
fermentation. From (1) El Boushy and Vink (1977); () Shuler et al. (1979); ®) Austic et al. (1978)

(1) (2) (3)
% ‘Thick’ ‘Creamy’ ‘Thick’ ‘Creamy’
D.P.W. Manure Layer Layer (SCP) Layer Layer
(SCP)
True protein 14.73 - - - 28.0 40.0
Amino acids - 13.0 29.0 40.0 - -
Ash 35.79 24.0 11.0 14.0 13.0 15.0
Lipids (fat) 4.07 6.5 7.8 9.5 7.0 10.0
P 271 - - - 24 1.7
Ca 10.61 - - - 34 2.0

SCP: single cell protein

Table 2.18. Comparison of egg production levels of hens receiving tap water versus aerobically stabilized
poultry manure under cage oxidation ditch. From Martin (1980)

Average egg production hen-day %

Aerobically
stabilized
Trial Water poultry manure Difference® (%) SD
I 66.6 68.6 +2.0 +2.0
I 76.7 79.8 +3.1 +1.
III 77.2 80.0 +2.8 +1.3

2 Differences in average egg production within each trial are significant (P < .01).
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Table 2.19. Comparative final body weights, mortality, and average egg weights of hens receiving tapwater
and aerobically stabilized poultry manure under cage oxidation ditch. From Martin (1980)

Trial 1 /4 1414
Final body weights (kg)
Tap water 1.91 1.98 1.92
ASPM 1.90 1.95 1.88
Mortality (no. of birds)
Tap water 11 4 5
ASPM 11
Average egg weights (g)
Tap water 54.4 60.8 55.7
ASPM 54.7 60.9 57.8

ASPM = Aerobically stabilized poultry manure.

2.3.5 Algae Grown on Poultry Waste

Algae are able to convert nitrogen in poultry and animal waste to protein (Cook, 1960;
Powell, Nevels and McDowel, 1961; Leveille, Sauberlich and Shockley, 1962; Cook,
Lau and Bailey, 1963; Lubitz, 1963; Hintz et al., 1966; Venkatarman, 1979; Lipstein
and Hurwitz, 1983) and have been used in livestock and poultry feeds. Grown on
organic wastes at low cost, conversion efficiency is high. The ultimate cost of animal
protein produced in this way is several-fold less than that of feeding conventional crops
to animals. Waste material can be human sewage as well as organic industrial waste and
livestock manure. The cost of algae culture can be minimized by growing the algae in
open outdoor ponds. Nutrients for the algae are provided by aerobic decomposition by
bacteria of the organic matter in the sewage. Chlorella, Micraetinum and Scendesmus
are the three most abundant algae types encountered.

The drawback of this system at present are the amount of space required for algal
ponds to process large quantities of manure. In addition, high capital outlays and certain
climatic and topographic conditions are needed to establish such a system.

(a)  Technological aspects

Dugan, Golneke and Oswald (1969, 1971) described a system of algae growing on
a pilotplant scale and provided a schematic diagram of this operation (Figure 2.9).
They described the technological process as follows: poultry manure droppings of
caged layers are flushed into a sedimentation tank, the supernatant is pumped directly
to an algae pond, the sediment left is pumped into an anaerobic digester for methane
generation. Methane is used as an energy source to heat the digester. The product
effluent from the anaerobic digester is also pumped into the algae pond. The production
of algae is estimated to be 11-15 t dry matter/ha/year.
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Figure 2.9. Algae production from poultry waste. Reproduced with permission from Dugan, Golneke
and Oswald (1969).

The limitation of algae production was summarized by Priestley (1976) as follows:
Separation of algae from the culture media.

Climatic and topographic limitations on pond function.

Large amounts of space required for algal ponds to process large quantities of waste.
There are two methods of separating the algae from the culture media. Lipstein

and Hurwitz (1980, 1981 and 1983) studied a centrifugation system as well as alum
flocculation; they found the latter system to be the most efficient. The final flocculated
product was drum dried to a final moisture content of 8-15% of net weight.

In the operation pilot plant reported by Dugan, Golneke and Oswald (1969, 1971),

the following observations were made:

Depth: not greater than 30.5 cm.

Pond area needed: approximately 0.18 mZ/bird.

Amount of water needed to establish the overall system: 56.8 1/bird.

Gas production for the system: about 0.75 m3/kg of volatile solids introduced,
methane constituting about 50-60% of the gas produced.

Potential algal yield: 11-15 t DM/ha/year.

Operating cost at the time: about 2 dollar cents per dozen eggs produced.
Taiganides, Chou and Lee (1979) demonstrated a complete layout of an algae

production system at Singapore (Figure 2.10). This project was based on pig wastewater
purification, and nutrient recovery by a high-rate, algae pond system. The ponds are
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operated to obtain bio-engineering data on algae productivity, degree of wastewater
purification and energy inputs. They demonstrated also that at a later stage, more
economical harvesting methods such as flotation and mechanical filtration will be
tested. Dried algae will be used as a feedstuff for pigs and poultry.
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Figure 2.10. Lay-out of algae production system Reproduced with permission from Taiganides, Chou
and Lee (1979).

(b)  Chemical analysis and nutritive value

Combs (1952) and Leveille, Sauberlich and Shockley (1962) noticed a relatively low
concentration of methionine, histidine and glycine in their algae samples. However,
Priestley (1976) noticed that algae have an essentially similar amino acid pattern to
SCP, but with a substantially lower nucleic acid content. Lipstein and Hurwitz (1980,
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1981, 1983) concluded that the amino acid levels of algae samples mostly indicate
lower concentrations of arginine, lysine and isoleucine but higher levels of threonine
and valine in comparison with soybean meal (Table 2.20).

Table 2.20. Chemical analysis of several types of algae grown on sewage effluent with several treatments in
comparison with DPW and some feedstuffs. From M Lipstein and Hurwitz (1983); @ Lipstein
and Hurwitz (1980); 3) E1 Boushy and Vink (1977) and ¥ Scott ez al. (1982)

(1 2P 3P (4
Centri- DPW Soybean Herring
Alum flocculation fugation meal meal
% Chlorella Micractinium Chlorella

Crude protein 39.50 39.10 63.00 24.28 45.0 72.0
Crude fat 4.60 3.80 7.60 4.07 0.9 10.0
Crude fibre 0.50 0.70 2.40 10.11 6.0 1.0
Ash 21.80 20.70 - 35.79 - -
Phosphorus 3.00 2.10 1.30 2.71 0.67 1.5
Calcium 0.67 0.77 0.20 10.61 0.32 2.0
Aluminium 3.90 4.90 - - - -
Metabolizable
Energy (MJ/Kg)  9.61 7.50 11.60 2.34 9.37 13.35
Amino acids
Arginine 2.05 1.99 3.89 0.53 32 6.8
Lysine 2.08 191 3.69 0.56 29 6.4
Methionine 0.75 0.70 1.24 0.29 0.65 2.0
Cystine 0.24 0.48 0.18 0.21 0.67 1.2
Histidine 0.70 0.63 1.20 0.19 1.10 1.6
Leucine 2.73 2.68 4.74 0.94 3.40 5.1
Isoleucine 1.58 1.56 2.51 0.66 2.50 3.7
Phenylalanine 1.73 1.83 2.77 0.53 2.30 2.8
Tyrosine 1.34 1.38 2.37 0.40 2.00 2.1
Threonine 1.81 1.89 2.96 0.60 1.80 2.8
Valine 2.14 2.13 3.38 0.83 2.70 35
Glycine 1.89 1.82 3.17 0.93 2.10 59

2 On dry matter basis
b on air-dry basis.

Lipstein and Hurwitz (1981, 1983) found a great variation in ME values (7.80-12.05
MJ/kg) and nitrogen absorption (from 53.8-68.2%) in various algae samples.
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They also concluded that during the flocculation of algae by alum, the aluminium
content had increased notably in the algae meal (Lipstein and Hurwitz, 1981, 1982).
The aluminium is an inhibitor for phosphate absorption owing to aluminium phosphate
binding. They calculated that 0.76 g of supplementary phosphorus were required to
ameliorate the decline in bone calcification and prevent the hypophosphataemic effects
of 1 g aluminium in the diet. It was also concluded that the algae meal is a good
pigmenter for egg yolks owing to its high content in xanthophyll.

(c)  Its use in feeding of broilers

Combs (1952), Grau and Klein (1957) and Mokady, Yannai and Berk (1977) concluded
that algae meal up to 7-10% in the diet of broilers is not harmful.

Lipstein and Hurwitz (1980) reported on the use of centrifuged algae (Chlorella) meal
as a source of protein and energy in linearly programmed diets containing 6-15% algae.
They noticed a significant depression in weight gain up to 8 weeks of age with addition
of 15% algae in comparison with the control groups, caused by low feed consumption
in some cases.

Lipstein and Hurwitz (1983) tested the alum flocculated algae (Microclinium and
Chlorella) with linearly formulated diets replacing soybean meal with 5 and 10% algae
meal. These two algae meal samples, at both concentrations tested, showed no adverse
effect on growth, feed efficiency or carcass fat.

Concerning the addition of alum as a flocculator, Mokady, Yamai and Berk (1976)
noticed that inclusion of 30% algae meal containing 3.4% alum caused various degrees
of oedema, which could be prevented by the addition of dicalcium phosphate, while
Lipstein and Hurwitz (1981) concluded that the high level of aluminium in algae
included in the diets up to 25% lowered the phosphorus utilization, which was
reflected in a reduced plasma inorganic phosphorus level. Further addition of dicalcium
phosphate to neutralize the deleterious effect of high dietary aluminium levels has to be
considered in using the alum-flocculated algae.

(d)  Its use in feeding of layers

Lipstein, Hurwitz and Bornstein (1980) reported that the centrifuged algae meal Chlorella
added to diets up to 12% supplemented with Dl-methionine did not significantly
affect egg output, feed conversion and egg shell quality. The 12% addition caused
a deep yellow yolk colour of an acceptable appearance and increased the total linoleic
acid in the diet.

Alum-flocculated algae Micractinium added in diets at 5, 10 and 15% significantly
inhibited feed intake resulting in a decreased layer performance suggesting that the quality
(algae species, location of pond, season of growth and technological processing) played
an important role (Lipstein and Hurwitz 1981).
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3.1 INTRODUCTION

The volume of water used in poultry processing plants per unit of product input has
risen rapidly over the past several years. The costs of water and wastewater treatment
have not been sufficient to warrant much management attention. However, increased
regulatory requirements for point source discharge and subsequent amendments have
caused these costs of water and wastewater treatment to increase more rapidly than

other costs in poultry processing.

For creating an economic and relevant slaughter-house, the following objectives

have to be achieved:

* Reduction of water used.

* Reduction and/or prevention of product loss to sewers.
¢ Reduction of wastewater.

» Recovery of a marketable product directly from the waste stream, e.g. protein from

slaughter-house wastewater.

« Reduction of the overall cost of waste disposal by means of a reduction in the

polluting load.

Kahle and Gray (1956) estimated the use of water in poultry processing plants to be
approximately 9 I/kg and offal may consequently have altered the quality and increased
the quantity of wastewater. Therefore, the figures of Erdtsieck and Gerrits (1973) may

still be valid as far as the volume of water per bird is concerned.
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The wastewater of poultry processing plants is composed of:

¢ Evisceration wastewater.

* Feather flow wastewater.

¢ Lung vacuum pump wastewater.
e Offal truck drain wastewater.

o Belt filter press wastewater.

The increase of wastewater usage corresponds with a rise in waste loading as measured
by parameters such as the Biochemical Oxygen Demand (B.O.D.) of the wastewater
(Camp, 1969; Erdtsieck and Gerrits, 1973).

However, more quality criteria can be measured, and according to Metcalf and Eddy
(1979); Eilbeck and Mattlock (1987) and Merka (1989), the quality of wastewater is
determined by the following points:

* Biochemical Oxygen Demand (BOD)
¢ Chemical Oxygen Demand (COD)

¢ Total Suspended Solids (TSS)

¢ Fat, Oil and Grease (FOG)

¢ Total Volatile Solids (TVS)

* Total Kjeldahl Nitrogen (TKN)

* Amonia Nitrogen (NH3-N)

3.1.1 Biochemical Oxygen Demand (BOD)

The most widely used parameter to test the organic pollution of wastewater and surface
water, is a test of 5 days (BODs). This determination involves the measurement
of the dissolved oxygen used by micro-organisms in the biochemical oxidation of
organic matter.

The advantages of the test are:
¢ Determination of the approximate quantity of oxygen that will be required to

stabilize the organic matter present biologically.

e Determination of the size of waste-treatment facilities.

¢ Measure the efficiency of some treatment processes.

The disadvantages of the test are:

* A high concentration of active, acclimated seed bacteria is required.

* Pretreatment is needed when dealing with toxic wastes, and the effects of nitrifying
organisms must be reduced.

* Only the biodegradable organisms are measured.

* The test does have stoichiometric validity after the soluble organic matter present
in solution has been used.

e An arbitrary long period of time is required to obtain results.

The determination of the BOD test is based on the suitable dilution with water
so that adequate nutrients and oxygen will be available during the incubation period.
The dilution water is “seeded” with a bacterial culture that has been acclimated, if
necessary, to the organic matter present in the water. The seed culture that is used to
prepare the dilution water for the BOD test is a mixed culture. Such cultures contain large
numbers of saprophytic bacteria and other organisms that oxidize the organic matter.
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In addition they contain certain autotrophic bacteria that oxidize noncarbonaceous
matter. When the sample contains a large population of micro-organisms, seeding is
not necessary. The incubation period is usually 5 days at 20 °C, but other lengths
of time and temperatures can be used. The temperature, however, should be constant
throughout the test. After incubation the dissolved oxygen of the sample is measured
and the BOD is calculated.

3.1.2 Chemical Oxygen Demand (COD)

The COD test is used to measure the content of organic matter of both wastewater and
natural waters. The oxygen equivalent of the organic matter that can be oxidized is
measured by using a strong chemical oxidizing agent in an acidic medium. Potassium
dicromate has been found to be excellent for this purpose. The test must be performed
at an elevated temperature. A catalyst (silver sulphate) is required to aid the oxidation
of certain classes of organic compounds. Since some inorganic compounds interfere
with the test, care must be taken to eliminate them.

The COD test is also used to measure the organic matter in industrial and municipal
wastes that contain compounds that are toxic to biological life. The COD of a waste
is, in general, higher than the BOD because more compounds can be chemically
oxidized than can be biologically oxidized. For many types of wastes, it is possible
to correlate COD with BOD. This can be very useful because the COD can be
determined in 3 h, compared with 5 days for th¢ BOD. Once the correlation has
been established, COD measurements can be used to good advantage for treatment,
plant control and operation.

3.1.3 Total Suspended Solids (TSS)/Total Volatile Solids (TVS)

Analytically, the total solids content of a wastewater is defined as all the matter that
remains as residue upon evaporation at 103-105 °C. Matter that has a significant vapor
pressure at high temperature is lost during evaporation and is not defined as a solid.
Total solids, or residue upon evaporation and is not defined as solid. Total solids,
or residue upon evaporation, can be classified as either suspended solids or filterable
solids by passing a known volume of liquid through a filter. The filter is commonly
chosen so that the minimum diameter of a particle of the suspended solids is about 1 m.
The suspended solids fraction includes the settleable solids that will settle to the bottom
of a cone-shaped container (called an Imhoff cone) in a 60 -min period. Settleable
solids are an approximate measure of the quantity of sludge that will be removed
by sedimentation.

The filterable-solids fraction consists of colloidal and dissolved solids. The colloidal
fraction consists of the particulate matter with an approximate diameter range of from
1 nm - 1 m. The dissolved solids consist of both organic and inorganic molecules and
ions that are present in true solution in water. The colloidal fraction cannot be removed
by settling. Generally, biological oxidation or coagulation, followed by sedimentation,
is required to remove these particles from suspension.
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Each of the categories of solids may be further classified on the basis of their
volatility at 600 °C. The organic fraction will oxidize and will be driven off as gas
at this temperature, and the inorganic fraction remains behind as ash. Thus the terms
“volatile suspended solids” and “fixed suspended solids”, refer, respectively, to the
organic and inorganic (or mineral) content of the suspended solids. At 600 °C,
the decomposition of inorganic salts is restricted to magnesium carbonate, which
decomposes into magnesium oxide and carbon dioxide at 350 °C. Calcium carbonate,
the major component of the inorganic salts, is stable up to a temperature of 325 °C.
The volatile-solids analysis is applied most commonly to wastewater sludges to measure
their biological stability.

3.1.4 Fat, Oils and Grease (FOG)
Fats and oils are the third major component of feedstuffs. The term “grease” as
commonly used, includes the fats, oils, waxes and other related constituents found
in wastewater. Grease content is determined by extraction of the waste sample with
hexane (grease is soluble in hexane).

Fats and oils are compounds (esters) of alcohol or glycerol (glycerin) with fatty
acids. The glycerides of fatty acids that are liquid at ordinary temperatures are called
oils, and those that are solids are called fats. They are quite similar, chemically, being
composed of carbon, hydrogen and oxygen in varying proportions.

Fats are among the more stable of organic compounds and are not easily decomposed
by bacteria. Mineral acids attack them, however, resulting in the formation of glycerin
and fatty acid. In the presence of alkalies, such as sodium hydroxide, glycerin is
liberated, and alkali salts of the fatty acids are formed. These alkali salts are known as
soaps, and like the fats, they are stable. Common soaps are made by saponification of
fats with sodium hydroxide. They are soluble in water, but in the presence of hardness
constituents, the sodium salts are changed to calcium and magnesium salts of the fatty
acids, or so-called mineral soaps. They are insoluble and are precipitated.

3.1.5 Total Kjeldahl Nitrogen (TKN)/Amonia Nitrogen (NH; - N)

Since nitrogen is an essential building block in the synthesis of protein, nitrogen data will
be required to evaluate the treatability of wastewater by biological processes. Insufficient
nitrogen can necessitate the addition of nitrogen to make the waste treatable. The nitro-
gen present in fresh wastewater is primarily combined in proteinaceous matter and urea.
Decomposition by bacteria readily changes the form of ammonia. The age of wastewater
is indicated by the relative amount of ammonia that is present. The predominance
of nitrate nitrogen in wastewater indicates that the waste has been stabilized with
respect to oxygen demand.

Ammonia nitrogen exists in aqueous solution as either the ammonium ion or
ammonia, depending on the pH of the solution, in accordance with the following
equilibrium reaction:

NH3 + H20 < NH/* + OH"
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At pH levels above 7, the equilibrium is displaced to the left; at levels below pH 7,
the ammonium ion is predominant. Ammonia is determined by raising the pH,
distilling of the ammonia with the steam produced when the sample is boiled, and
condensing the steam that absorbs the gaseous ammonia. The measurement is made
colorimetrically.

Organic nitrogen is determined by the Kjeldahl method. The aqueous sample is
first boiled to drive off the ammonia, and then it is digested. During the digestion
the organic nitrogen is converted to ammonia. Total Kjeldahl nitrogen is determined
in the same manner as organic nitrogen, except that the ammonia is not driven off
before the digestion step. Kjeldahl nitrogen is therefore the total of the organic and
ammonia nitrogen.

Wastewater is treated by means of flotation and flocculation resulting in an effluent.
The effluent from poultry slaughter-house wastewater contains large amounts of protein,
fat and usually has a much higher BOD level than town sewage. It has been estimated
that 2-5% of total carcass protein is lost in the effluent. Such effluents can impose
heavy loads on public sewage-treatment works.

Proteins and fats from the carcass, debris and blood are the major pollutants in
the wastewater, but like other poultry products, they are of high nutritional value and
should be recovered for animal feed. These materials, especially proteins and fats,
are usually recovered as sludges with high water content and dehydration is generally
the most difficult and costly part of the whole treatment (Ross, 1968; Grant, 1976;
Beszedits, 1980; El Boushy, 1980; El Boushy, Roodbeen and Hopman, 1984; Rockey
and Zaror, 1988).

3.2  PROCESSING OF THE RECOVERED PROTEIN EFFLUENT
3.2.1 Methods Used for the Recovery
(a)  Ion exchange

Ion exchange is a very effective method for recovering proteins from slaughter-house
wastewater. Ion-exchange resins consist of cross-linked regenerated cellulose modified
by the introduction of anion or cation exchange groups. The resins are registered
(under the name “Protion”) and available in a granular form in a wide range of grain
sizes, and have markedly superior hydraulic properties and physical stability compared
with the fibrous cellulose ion exchangers usually employed for protein adsorption in
laboratories. Conventional ion-exchange resins based on synthetic organic materials
such as polystyrene have negligible capacities for protein molecules. The granular
regenerated cellulose ion exchangers, however, have protein capacities comparable
with fibrous or micro-crystalline cellulose ion exchangers of the order of 0.5 g protein/g
resin. The new resins have been evaluated over a considerable period of time in
applications ranging from laboratory-scale enzyme production to effluent and water
treatment. Owing to their excellent hydraulic properties, “Protion” resins are suitable
for use in conventional types of ion-exchange plants as well as in continuous and
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fluidized bed systems. By varying the grain size and degree of cross-linking, it is
possible to “tailor” the resin for specific applications in water and effluent treatment and
biochemical processing. The new resins are available in four main types - weakly and
strongly basic or acid - corresponding to the main types of conventional resins used for
water treatment and covering a working pH range of 2-12. In general, adsorbed protein
is readily desorbed by washing the resin bed with salt or buffer solutions; alkaline
brine has been found particularly suitable as a regenerant solution where the resins
are used for effluent treatment (Ross, 1968; Grant, 1976; Metcalf and Eddy, 1979;
Beszedits, 1980; Eilbeck and Mattlock, 1987).

(b)  Membrane processing

Ultrafiltration and reverse osmosis are powerful processing tools for separating sugars,
starches, proteins, ezc., from food processing wastewater. Both ultrafiltration and reverse
osmosis employ pressure permeation through membranes, however, while reverse
osmosis requires pressures of 2760-13800 kPa, ultrafiltration operates in a range of
173-690 kPa. This method is very useful in the extraction of whey protein, soy whey
protein and protein from blood plasma (Metcalf and Eddy, 1979; Beszedits, 1980).

(c)  Electrolytic process

Proteins can also be recovered by electrolytic methods. For example, the Lectro-Clear
process has been successfully demonstrated on meat, poultry and fish processing
wastewater. This process uses a continuous upflow electro-coagulation apparatus
having an iron plate as a cathode and a carbon plate as an anode for the purification
of effluents from fish paste manufacturing plants. At optimum operating conditions,
COD was reduced by 62% while protein recovery was 96% (Beszedits, 1980; Eilbeck
and Mattlock, 1987).

(d)  Coagulation with chitosan

The shells of crustaceans such as shrimps and crabs are a source of a number of
valuable products, including chitin, a cellulose-like polysaccharide. De-acetylation of
chitine yields chitosan, a cationic polymer.

Chitosan is an excellent coagulant for the treatment of food processing effluent,
particularly for discharges containing proteins. It is competitive with and often
more effective than synthetic polyelectorolytes. Moreover, chitosan is completely
biodegradable. By-products recovered from food processing wastewater with the aid of
chitosan on average contain 30-70% protein.

All types of food processing wastewater are amenable to treatment with chitosan
and reductions in suspended solids reductions as high as 90% can be attained.
Gravity settling or dissolved air flotation are usually employed for recovering the
coagulated solids. For example, only 5 mg/l chitosan was very effective in increasing
the suspended solids removal from poultry wastewater effluents (Beszedits, 1980;
Eilbeck and Mattlock, 1987).
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(e)  Precipitation with Lignosulfonic acid

In an aqueous medium, lignosulphonic acid (LSA), a by-product of the sulphite wood
pulping industry, reacts almost instantaneously with proteins to yield an insoluble
precipitate.

Adjusting the pH of a proteinaceous waste stream to below the isoelectric point
imparts a net positive charge on the proteins. Acidification to pH less than 3 ensures a
pH below the isoelectric point for most proteins. At these low pH values, the LSA carries
a net negative charge. Consequently, the optimum pH range for protein precipitation
with LSA is between 2 and 3. Applied dosages vary according to the nature of the
waste-waters treated and typical dosages are 250-550 mg/l. During protein precipitation,
fatty materials are also removed. Precipitated proteins are usually recovered by dissolved
air flotation. After dewatering and drying, the protein-rich sludge can be used for
livestock feeding.

Facilities based on this technique have been installed in numerous countries for the
treatment of meat, poultry and fish processing wastewaters. From trials it was proved
that adding an average dose of 422 mg/l LSA to the effluents of abattoirs gave a BOD
reduction of 84% while total solids were reduced by 96%. Protein content of the dry sludge
was 42%, fat 24% and crude fibre 4.3% (Beszedits, 1980; Eilbeck and Mattlock, 1987).

3.2.2 Industrial Applications

Methods for industrial applications are based on adding various chemicals such as iron
salts and synthetic polyelectrolytes to the wastewater. This results in the following
treatment of the effluent:
¢ Screenings to remove coarse materials such as bones, skin, lungs and feathers
* Flotating of the sludge by means of micro air-bubbles
¢ Addition of chemical additives for flocculation
¢ Sludge thickening, partial dehydration
¢ Sludge drying

These points have been discussed previously by Grant (1976); Beszedits (1980);
Eilbeck and Mattlock (1987) and Meyn, (1990). The processing lay-out is shown in
Figure 3.1.

(a)  Coarse screening

Screening to remove coarse materials such as bones, skin, lungs and feathers by static
and vibrating screens is a very important step for water treatment.

The use of stainless steel wedge wire in the form of static inclined screens provides a
simple effective solution, achieving maximum liquid extraction and solids recovery.

(b)  Micro-flotation

The micro-flotation technology, also known as dissolved air flotation (DAF), can be
used for most industrial effluents where the waste products have a specific gravity
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Figure 3.1. Process flow diagram of the several effluent treatments to form sludge and clean water.

less than or equal to that of water. Using very finely dispressed air bubbles, a higher
density difference between the pollutants and water is produced by the adsorption of
the wastes particles on to the surfaces of the bubbles. This results in a rapid separation
of the pollutants by flotation.

(c)  Flocculation

Effluents can contain both organic and/or inorganic pollutants which can be flocculated
by iron or aluminium salts followed by a flocculant aid. The flocculated effluents can
be floated to the surface of a flotation tank and finally scraped away by an electrically
driven scraper. This double-action device ensures that the flotation sludge is low in
humidity as it is being removed. This process of effluent treatment is leading to a high
reduction in: (BOD), (COD), (TKN), (TSS), (FOG).

Flocculation of wastewater by mechanical or air agitation leads to: a) increase the
removal of suspended solids and BOD in primary settling facilities; b) conditioning the
wastewater containing the slaughter-house wastes; and c) improving the performance
of secondary settling tanks, following the biological treatment process, especially the
activated-sludge process. More detailed specifications of this process are discussed in
details (Metcalf and Eddy, 1979; Eilbeck and Mattlock, 1987 and Merka, 1989).

(d)  Sludge dewatering

The most expensive problem of the sludge disposal is its high water content. The high
humidity content present in the treated sludge (90-93%) and the excess activated sludge
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(98-99%) has major financial consequences for firms practising effluent treatment.
Meyn (1990) reported a new method for thickening and drying sludge to a water content
of 40%. This drying takes place by means of using heat coagulation and pressing with a
simple compact stainless steel filter belt press. The advantage of this treatment method
is that direct processing of fresh flotation sludges prevents them turning rancid owing
to their high content of free fatty acids. Flotation sludge treated in this way has reduced
bacterial content (approximately 90% reduction) and can be a valuable animal feedstuff.
Finally, the end product can be dried and sterilized in a dryer drum with a jacket wall,
kept at 180-190 °C (El Boushy, Roodbeen and Hopman, 1984).

3.3 CHEMICAL ANALYSIS AND NUTRITIVE VALUE

Effluent protein recovered from the flocculation and ion-exchange stages showed a
high protein percentage varying from 61.3-73.9% and ash 5.1-2.3%. Essential amino
acids such as methionine and lysine are considered to be high and equal to those in
eggs and casein (Grant, 1976; Tables 3.1 and 3.2).

Table 3.1.  Amino acid composition of recovered solids fractions A and B of effluent in comparison with

reference proteins. From Grant (1976)

Recovered solids Reference proteins
Fraction
Serum

Amino acid® A B Fibrin Hemoglobins proteins Casein
Lysine 8.8 8.5 9.1 9.1 10.0 85
Histidine 3.9 59 29 8.0 33 32
Arginine 44 47 7.8 39 5.8 42
Aspartic acid 14.3 9.4 11.9 9.8 10.3 7.0
Threonine 79 4.5 73 5.0-6.0 12.6 4.5
Serine 7.7 5.7 12.5 5.5 18.2 6.8
Glutamic acid 19.3 10.0 15.0 8.1 14.2 23.0
Proline 6.6 32 5.3 4.7 55 13.1
Glycine 5.5 35 5.4 53 2.0 2.1
Alanine 8.8 6.8 4.0 9.8 - 33
Half-cystine Trace Trace 3.8 1.0-2.2 7.0 0.8
Valine 11.0 8.2 5.6 9.0 1.5 17
Methionine 2.8 3.2 2.6 1.0-3.0 4.0 3.5
Isoleucine 55 4.1 5.6 0-2.0 34 7.5
Leucine 17.1 15.0 7.1 144 10.1 10.0
Tyrosine 55 32 6.0 29 55 6.4
Phenylalanine 9.9 7.9 4.5 7.0-8.0 52 6.3
Ammonia - 1.1 - - - -

2 g Amino acid/16 g nitrogen.
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Table 3.2. Essential amino acids of recovered solids fractions A and B of effluent in comparison with other

relevant parameters. From Grant (1976)

Amino acid @ Fao® Egg A B Casein
Isoleucine 42 6.8 5.5 4.1 75
Leucine 4.8 9.0 17.1 15.0 10.0
Lysine 4.2 6.3 8.8 8.5 85
Phenylalanine 2.8 6.0 9.9 7.9 6.3
Tyrosine 2.8 4.4 5.5 32 6.4
Threonine 2.8 5.0 7.9 4.5 45
Tryptophan 1.4 1.7 - - -

Valine 4.2 74 11.0 8.2 7.7

Sulphur containing:
Total 4.2 54 2.8 32 43
Methionine 2.2 3.1 2.8 3.2 3.5

@ g Amino acid/16 g nitrogen.
b Food and Agricultural Organization, “Provisional Pattern” of Essential Amino Acids for human Nutrition,
Rome, 1957.

Grant reported also that the nutritional value of the dried effluent was approximately
equal to that of meat meal and casein, slightly inferior to that of fish meal and superior
to that of meat and bone meal and to that of grass extract. The results of Grant were
based on effluent protein recovered from the flocculation and ion-exchange processes,
however, iron as flocculant aid was not used.

El Boushy, Roodbeen and Hopman, (1984) analysed the effluent from poultry
processing wastewater in which iron chloride was used as a flocculant aid (Table 3.3).
They found levels of: crude protein 37.5%; fat 28.6%; ME (MJ Kg) 12.77%; ash
13.2%; iron 4.10%; lysine 2.11% and methionine 0.67%. They concluded that herring
meal was significantly superior to that of dried effluent protein, fed on equivalent
protein levels. Blood and meat meal were comparable to effluent protein. The only
great disadvantage of this feedstuff is its high content in iron (4.10%) and chlorid
(0.42%). The iron content may cause a colloidal suspension of insoluble iron phosphate
which may absorb vitamins or trace inorganic elements. Consequently, this may cause
growth depression for broilers consuming the sterilized effluent added to broiler diets.
To avoid this disadvantage, another flocculant should be used.

The newest idea in coagulation with chitosan to recover protein effluent was
practised by Lyons and Vandepopuliere (1997). They used an alternate coagulant-
flocculent system using volclay, polysolisic acid, and chitosan to remove secondary
poultry nutrients (SPN) from the wastewater stream of a turkey processing plant.
The sludge (SPN) was treated by several methods with the following composition as
a feedstuff by EXT (extrusion) or Dry (drying) (Table 3.4).
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Table 3.3. Chemical analysis and amino acid composition of the effluent from poultry processing
wastewater (on air-dry basis). From El Boushy, Roodbeen and Hopman (1984)

Crude protein 37.15 Cl 0.42
Ether extract 28.62 Fe 4.10
ME (M1 kg) 12.772 Na 0.21
Ash 13.22 K 0.24
Ca 1.52 Mg 0.04
P 1.67 Zn 0.04

Amino acids

Lysine 2.11 Methionine 0.67
Histidine 0.87 Isoleucine 1.90
Arginine 1.62 Leucine 2.88
Aspartic acid 3.00 Tyrosine 1.19
Threonine 1.50 Phenylalanine 1.67
Serine 1.69 Cystine 1.32
Glutamic acid 3.47 Tryptophan -

Glycine 1.58 Proline 1.66
Alanine 2.11 Valine 242

@ The ME was analysed by Spelderholt Institute for Poultry Research, Beekbergen, The Netherlands on a
sample from the same slaughterhouse.
All values (%) on air-dry basis; dry matter of original effluent, 4.95%.

Table 3.4. Chemical analysis and amino acids methionine and lysine composition of corn soybean meal, and
secondary poultry nutrients (SPN) on (air-dry basis). From Lyons and Vandepopuliere (1977)

Moisture C-protein C-fat Methionine Lysine
SPN-Ext @ 11.36 14.70 6.55 0.28 0.80
SPN-Dry EXT b 11.36 20.88 19.12 0.40 1.36
SPN-Dry ¢ 11.20 3591 37.76 0.69 2.66
Comn 14.23 8.14 4.18 0.18 0.32
Soybean meal (43%) 11.83 46.92 1.92 0.69 3.14

2 A mixture of 67% corn + 33% SPN (centrifuged, containing 47% moisture).
A mixture of 50% corn + 50% SPN (centrifuged and partially dried containing 27.5% moisture).
€ Dried SPN contains 11.2% moisture.

3.4 ITS USE IN FEEDING

There is only few literature on the effect of feeding dried effluent mixed into diets
for poultry. Grant (1976) carried out a standard feeding trial, with protein recovered
from effluent without iron as a flocculant, on crossed cockerels and on young rats.
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He measured the relative growth rate, feed consumption and feed efficiency until
the cockerels were 4 weeks old. He concluded that this protein could be used as a
concentrate for feeding poultry, and that there was no evidence of toxic side effects that
could be attributed to the recovery process in either the chick or the young rats.

El Boushy, Roodbeen and Hopman (1984) reported on the effect of six levels of
slaughter-house wastewater effluent mixture in diets in comparison with a control
diet (2, 3, 4, 5, 6, 7% pure effluent) and the effects of 4 and 7% of effluent in
comparison with equivalent protein levels supplied by meat, blood and herring meal
(Table 3.5). All diets were calculated on a linear programming basis isonitrogenously
and isoenergetically and contained the same calcium and phosphorus levels. Methionine
and lysine were added when needed. Their results showed that the effluent (sludge)
was found to be a reasonable animal protein feedstuff as far as methionine (0.67%),
cystine (1.32%) and energy (ME 12.77 MJ/kg) are concerned. Its disadvantages are
the high cost of drying and its high iron content (4.1%). Increasing the proportion of
effluent in the diet from 2-7% leads to a clear growth depression at 4 and 7 weeks of
age because of the high iron concentration. Herring meal was significantly superior to
that of dried effluent protein, supplied on equivalent levels where blood and meat meal
were comparable to effluent protein.

Lyons and Vandepopuliere (1997) reported from their trials, by using the sludge
chitosan - produced secondary poultry nutrients (SPN) as a feedstuff for broilers by
either extrusion or drying. They concluded that feed conversion was not significantly
increased by the SPN from products which had been partially dried prior to extrusion.
SPN can be used at levels up to 4% in broiler diets without affecting body weight
or feed conversion.

3.5 BIOHAZARDS OF RECOVERED SLUDGE

From the toxicological point of view and contents of trace elements, there is no objection
to using recovered sludge from wastewater in certain percentages in diets of poultry.
From the microbiological point of view, direct feeding of recovered sludge to poultry is
not safe due to Campylobacter (Havelaar, Notermans and Oosterom, 1983). However
Biirger (1978, 1982) reported that, eggs of parasites are also present in high numbers,
especially Ascaris. Heating during drying and sterilizing the product will kill these eggs
(Knapen, Franchimont and Otter, 1979). A recovered sludge from wastewater, dried and
sterilized will be free from viruses and spore-forming bacteria (Edel, 1983).

The safest method for the utilization of the recovered sludge from wastewater as
a feedstuff added in the diets of poultry is to process it in a rendering plant, where
temperatures go up to 130 °C for at least half an hour. The use of the recovered
sludge without sterilization may be a hazard in spreading pathogens and might intensify
infection transmission cycles. These cycles have been reported mainly for Salmonella
(Edel, 1972, 1973, 1978; Edel, Van Schothorst and Kampelmacher, 1976; Hobbs and
Cristian, 1973). The cycle of this species may be considered as a model for those
of other pathogens and precautions should be taken to avoid infections and risks of
those pathogens. '
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The direct feeding of the recovered sludge from wastewater to poultry is not
recommended on the ground of hygiene and maintaining human and animal health.
Untreated sludge as a feedstuff is prohibited by the law (Weiers and Fisher, 1978).
Treatment of the sludge by sterilization will guarantee a feedstuff free from pathogens
(Havelaar, Notermans and Oosterom, 1983).
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4.1 INTRODUCTION

The tremendous growth of the poultry industry is creating a large amount of offal
and waste. If sufficient care is taken, this offal may contribute to animal feed as
essential diet ingredients, thus replacing parts of other expensive feed ingredients.
Poultry industries- now exist in many countries and generate large amounts of residues.
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The centralization of poultry processing has intensified the problem of disposal of
poultry waste, the volume of which may be large enough to develop techniques of
processing this offal or present possibilities for future use. The processing of poultry
by-products will have a role in countries where rendering plants are developing and
animal proteins are not abundant.

The wastes from poultry slaughter are blood, feathers and offal (viscera, heads, and
feet), and, if collected separately, can be processed into blood meal, hydrolized feather
meal, poultry offal meal, and fat respectively.

A large proportion consists of poultry feathers which are keratinous proteins, as well
as offal. Since feather protein in its natural state is very poorly digested by monogastric
animals, various methods have been developed for processing these keratinous proteins
into a more digestible form.

The various methods of processing raw feathers may cause differences in the
nutritive value of the treated feathers, related to protein and amino acid digestibility
(Sullivan and Stephenson, 1957; Moran, Summers and Slinger, 1966; Morris and
Balloun, 1973Y; Papadopoulos, 1984; El Boushy ef al., 1990%).

Specific feed-ingredients, including additives to enrich the feather meal quality have
been proposed by many workers, who have suggested dried brewers’ yeast (Balloun,
Miller and Spears, 1968), dried whey (Balloun and Khajareren, 1974), Menhaden fish
meal (Potter and Shelton, 1978b), antibiotics (Potter and Shelton, 1978%) and synthetic
amino acids (Baker et al., 1981).

The production of separate hydrolized feather meal has been a point of discussion.
Methods have been devised whereby poultry offal and feathers can be processed
together in natural proportions, yielding a product having the approximate composition
represented by a mixture of poultry by-product meal (PBPM) (45%), hydrolized poultry
feathers (HPF) (40%) and poultry fat (15%). This formula poultry offal meal (POM)
has the physical and nutritional characteristics which make it an excellent feedstuff
for poultry (Potter and Fuller, 1967). However, it was also concluded that a mixture
of poultry by-product and hydrolized feather meal (PBHFM) is also an excellent
animal protein feedstuff which may be used for broilers and layers (Davis, Mecchi
and Lineweaver, 1961; Naber, 1961; Naber et al., 1961; Potter and Fuller, 1967;
Bhargava and O’Neil, 1975).

Hatchery by-products consisting of infertile eggs, dead embryos, shells of hatched
eggs and unsaleable chicks, attract attention of many research workers. Its use as
a feedstuff in poultry rations, its holding techniques and its processing have been
reported (Wisman, 1964; Wisman and Beane, 1965; Hamm and Whitehead, 1982;
Miller, 1984).

Shell waste from egg-breaking plants includes egg shells, shell membranes and
adhering albumen. The evaluation of this feedstuff in the nutrition of layers and their
performance was performed many years ago, the study of Wilcke, (1940) being notable
in this respect. Its chemical composition was determined by Walton et al. (1973) and its
complete survey was carried out by Vandepopuliere et al. (1974).



92

42 FEATHER MEAL
4.2.1 Processing Methods

Various methods of processing raw feathers (Draper, 1944; Binkley and Vasak, 1951;
Sullivan and Stephenson, 1957; Naber ef al., 1961) have been reported and reviewed by
El Boushy, van der Poel and Walraven, 1990). These reports indicated that the different
processing methods caused differences in nutritive value of feather meal.

The development of an effective method of processing feathers into a friable,
high density meal (Binkley and Vasak, 1951) stimulated new investigations on the
nutritive value of feather keratin. A wet cooking process is essential for this method,
in which the feathers are treated with saturated steam at pressures of 275-415 kPa
for 30-60 minutes with constant agitation. The feathers are then dried and ground
to produce a free-flowing meal of relatively high density. With a steam pressure
above 415 kPa and constant agitation the feathers tended to “gum”, leading to a non
free-flowing meal.

The proper processing of feathers is dependent on temperature (steam), pressure,
processing time and the humidity percentages, followed by drying and grinding.

The definition of the Standard Feather Meal has been reported by the Association of
American Feed Control Officials (1960) as follows: “Hydrolyzed poultry feathers is the
product resulting from the treatment under pressure of clean undecomposed feathers
from slaughtered poultry, free of additives and/or accelerators. Not less than 70% of its
crude protein content shall consist of digestible protein.”

In the known processes for hydrolyzing poultry feathers, the feathers are normally
plucked from freshly slaughtered birds and washed into a sluiceway, employing water
as a carrier to transport the feathers from the slaughter-house directly to the processing
plant or to transport by trucks. The feathers are then tumbled through a screen to remove
the bulk of the sluiceway water. In addition, the feathers are processed by either one
of two methods, referred to as a “batch cooker” method and the “continuous method”,
respectively. Both methods employ similar process conditions in that the feathers, with
a moisture content of about 60-70%, are pressure cooked in a steam-heated batch cooker
at about 207-690 kPa for about 30-60 minutes. This permits hydrolysis and causes
the feathers to break up into a final hydrolized and sterilized product.

(a)  Batch cooker

Feathers are usually processed in dry-rendering cookers of 1,000-15,000 1 content.
These cookers are steam jacketed, with horizontal shaft agitators, and have a dome
for loading and a bottom-front opening for discharge (Figure 4.1). They are generally
designed for steam pressures of 414-850 kPa and charged with an internal pressure of
207-350 kPa. Internal pressures as low as 138 kPa and as high as 414 kPa have also
been used. The processing time is 4-7 h from the time the cooker is closed until it is
opened to discharge. The critical point appears to be that the entire charge should be
maintained at the equivalent of 207 kPa for at least 15 minutes (El Boushy, van der Poel
and Walraven, 1990). As soon as the hydrolysis has taken place, pressure is released
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and the contents will be dried. Drying of the hydrolized, sterilized feathers is done in
the same batch cookers, or in other driers such as disc- or flash-driers.

1. Extention rod 5. Agitator

2. Discharge door 6. Drive

3. Filling dome 7. Protection

4. Inner jacket 8. Moisture Indicator

Figure 4.1. A typical batch cooker-drier, steam jacketed with horizontal shaft agitators. Reproduced with
permission from Van der Poel and El Boushy (1990).

Steam-heated disc driers

These systems are used in most of the modern installations with a disc type agitator
(Figure 4.2). The dried product is known to be consistent in quality and is light in
colour (Davis, Mecchi and Lineweaver, 1961). The agitation to which the heated
feathers are subjected during processing and drying breaks up the feathers until little
remains that is recognizable as feather. This point will be explained in details later
in this chapter.

Direct-fired type driers

These are driers, such as flash-driers, which are less expensive than the steam-heated
drier but their control is more critical with respect to reach the desired moisture content
and to prevent darkening of the product (Figure 4.2). This system will be explained
in details later in this chapter.
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Figure 4.2. A diagram of the batch cooker and its driers in the form of a disc-drier and flash-drier.
Reproduced with permission from El Boushy, van der Poel and Walraven (1990).

(b)  Continuous processing

In this method the following steps are employed: feathers are fluffed to facilitate their
transport through the intake lock of a pressurized vessel; and the feathers are hydrolized
at a high moisture content (60-80%) inside the pressurized vessel, which is continuously
operated through intake and outlet locks. The average residence time is 6-15 minutes
and the pressure is about 483-690 kPa. The feathers are subsequently subjected to a first
drying stage of the liquid slurry discharged from the hydrolized feathers to a moisture
content of about 40%. Finally the feathers are dried in a disc drier to a moisture content
of about 8%. The continuous process is merely an extension of the batch process
and has some more practical advantages as far as capacity is concerned. These two
processes involve hydrolyzing feathers with steam at high moisture levels and employs
thermal drying to reduce the moisture content of the final product (Williams, Horn
and Bronikowski, 1979; Figure 4.3).

(c)  High shear extrusion

In this procedure raw feathers are firstly passed through a screw press (fluidizer) where
the moisture level of the raw feathers is reduced to approximately 30-40%. The water
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Figure 4.3. A diagram of the continuous processing from raw feathers to feather meal. Reproduced with
permission from El Boushy, van der Poel and Walraven (1990).

squeezed from the screw press is returned to the sluiceway in which the fresh feathers
are transported from the slaughter-house. The mechanically dewatered feathers are next
passed through an extruder (used as a hydrolizer) wherein the keratinous material is sub-
jected to high shear, causing a temperature and pressure build-up in the material, while
maintaining the water in its liquid phase to hydrolize the keratin. Typical processing
conditions in the extruder are 30 s residence time, 5518 kPa pressure, about 150 °C
and 35% moisture content in the treated material. The hydrolized feathers exit the
extruder and are conveyed to a steam-heated drier where the moisture is reduced to
approximately 8% (Williams, Horn and Bronikowski, 1979; Vandepopuliere, 1988;
Davis, 1989; Figure 4.4).

Extrusion. It is well known that rendering, more efficiently utilizes feathers or poultry
by-products to increase its nutritional value, but it cannot always be economically
justified. Most poultry processors choose not to operate their own rendering plants
because such a plant has a high capital cost and a capacity far in excess of the
processors’ needs. Thus the poultry industry often gives away its valuable by-products
to conventional renderers at a negative cost. Extrusion may be a cheap solution for
processing feathers or poultry by-products, their technical problem is the high moisture
content. Therefore they cannot be effectively dried or dehydrated without adversely
affecting their nutritional value. Diluting the by-product with an ingredient such as
soybean meal, corn, or wheat middlings, however, reduces its moisture to a level
that the extruder can process. Extrusion then can achieve full cooking expansion,
sterilization, and partial dehydration on a mixture of 50-60% feathers or poultry
by-products with the chosen dry ingredient (Said, 1996). '

There are several different types of extruders. Some have a single screw and others
have double screws. The most up to date extruders are equipped with a feeder to adjust
the required input followed by a conditioner to adjust the steam input of the extruder,
which may be equipped with a jacket for extra heating (Figure 4.5).
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Figure 4.4. Showing the high shear extrusion system: (A) fluidizer, (B) hydrolizer and (C) complete
extruder. Reproduced with permission from Williams, Horn and Bronikowski (1979).
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Figure 4.5. A flow sheet of a single screw extruder. Reproduced with permission from Almex extrusion
techniques (1995).

(d)  Low moisture hydrolysis

“To reduce the moisture content to a level sufficient to support a subsequent hydrolizing
step” means reducing the moisture content of keratinous materials being treated to
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a level approaching the optimum moisture level required to hydrolize all of the
keratinous material. The recommended moisture percentage for hydrolysis is 30-40%
(Williams, Horn and Bronikowski, 1979).

Low-moisture hydrolysis is mostly applied by means of a screw press; subsequently,
hydrolysis takes place as described in the previous paragraphs.

If the low-moisture feathers could be used in the batch-or continuous processing it
would bring a remarkable saving in the cost of processing, e.g. thermal drying of the
hydrolized meal and it would establish a preferred moisture level for the hydrolysis
step. This application needs further investigation as reported previously (El Boushy,
van der Poel and Walraven, 1990).

Stork rendering (1995) concluded that the most effective technique to lower the
moisture content of the raw feathers is by means of the continuous feather press.
Through their investigations they concluded that the continuous feather press effectively
reduces the moisture content of the wet feathers from 70% to 45%. They added also
that in absolute terms the feather press removes at least 450 1 of water from 1.000 kg
of wet feathers. Accordingly, the transport costs will drop to 45%, as will the energy
required for processing the pressed feather mass.

Figure 4.6 and 4.7 show the feather press and its technical data: slaughtering capacity
of broilers, and the production, kg of wet feathers per hour, Stork rendering (1995).

||| gL =

Capacity (Broiler feathers) ] Technical data

Type Wet feathers Dimensions in mm Weight Istalled
kg/h A B c (kg) power (kW)

WFP - 650 650 2165 820 1495 1000 17

WFP - 8000 8000 4750 1500 2800 10000 110

The capacity for other types of poultry depends on weight

Figure 4.6. The continuous feather press showing the capacity and the technical data. Reproduced with
permission from Stork rendering (1995).
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Figure 4.7. Slaughtering capacity in broilers in relation to the quantity of wet feathers per hour. Reproduced
with permission from Stork rendering (1995).

4.2.2 Chemical, Enzymatical and Physical Evaluation of Feather Meal Quality
According to the Method of Processing

The effect of processing methods on feather meal quality has been measured in many
ways, such as using in vitro methods and in vivo methods and by routine chemical analysis.
The in vitro methods are based on biological digestion of the treated material by means
of enzymes. The best known method is the pepsin-HCI test for protein digestibility,
which was applied for processed feather meal evaluation by Naber er al. (1961),
Morris and Balloun (1973b), Aderibigbe and Church (1983) and Papadopoulos (1984).
Other methods deal with the digestibility of amino acids such as lysine by digestion with
pronase (Payner and Fox, 1976) and methionine and cystine by pancreatin (Pienazek,
Grabarck and Rakowska, 1975).

On the other hand, in vivo methods are based on determining the balance between
the tested feedstuff consumed by poultry and the faecal output. The difference between
the feed intake and faecal excretion determines the apparent digestibility of amino acids
(Bragg, Ivy and Stephenson, 1969; Burgos, Floyd and Stephenson, 1974; El Boushy and
Roodbeen, 1980; 1984; Papadopoulos, 1984; Liu, Waibel and Noll, 1989).

(a)  Effects of time, temperature, pressure and moisture

The effects of different processing variables, such as time, temperature, pressure and
moisture level on digestibility of proteins and amino acids in feather meals have been
studied by many research workers. Davis, Mecchi and Lineweaver (1961) demonstrated
that different processing times of 90, 20 and 6 min. were required at pressures of 207,
414 and 621 kPa respectively to obtain approximately 70% pepsin-HCl digestibility
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(Figure 4.8). They concluded that the important feature of this relationship is the rapid
increase in time, required as pressure is reduced below 207 kPa and the rapid decrease
in time as pressure is raised above that point. Also, they observed a relation between
pepsin-HCI digestibility and hydrolysis time at a pressure of 207 kPa. Apparently, in
vitro digestibility of protein increases rapidly until it reaches 65-70% but increases only
slowly with prolonged heating (Figure 4.9).

621 O6 Min.

414 — O 20 Min. J—

F
¥
2 i —
a 16 H.
g‘ 20 O‘ H. 30 Min. (86 KPa)
7 B p—
I \x -CD
ol — L . L 1
° ] 2 3 6
HOURS

Figure 4.8. Pressure and period of processing required to produce feather meal that is 70% digestible in
pepsin-hydrochloric acid. Reproduced with permission from Davis, Mecchi and Lineweaver (1961).
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Figure 4.9. The relation between pepsin-hydrochloric acid digestibility and hydrolysis time at a pressure of
207 kPa. Reproduced with permission from Davis, Mecchi and Lineweaver (1961).
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Retrum (1981) came to similar conclusions as Davis, Mecchi and Lineweaver (1961)
but he added that the new systems for feather protein hydrolysis contain a heating jacket
and use agitation, both of which will play a role in the pepsin-HCl digestibility figures.
Table 4.1 shows the effect of time and pressure on the chemical analysis and the most
limiting amino acids in the treated feathers as reported by several workers.

The crude protein level is not a basis for evaluating a feedstuff protein quality but
the percentage digestibility of the most limiting -and the essential- amino acids in
this protein is. Therefore, it is advisable to compare the most limiting amino acids
mentioned above in Table 4.1. There is no agreement on the optimum temperature-time
profile necessary to obtain the highest percentage of amino acids. It was reported by
Davis, Mecchi and Lineweaver (1961) that at 30 minutes and 207 kPA pressure the
highest lysine percentage was obtained, while Morris and Balloun (1973b) showed
that at 60 minutes and 345 kPa the highest lysine and methionine percentage could be
reached. On the other hand, Papadopoulos (1984) showed the highest percentages of
lysine and methionine at 30 minutes and 436 kPa pressure.

Latshaw (1990) carried out an experiment on the effect of pH and of pressure on
feather processing efficiency. The pH used was 5, 7 or 9, and the steam pressures used
were 207, 276 or 345 KPa for 30 min. respectively. Increasing the pH or pressure
increased the percentage of the protein that was pepsin digestible. As the pepsin
digestibility increased, the cystine content of the feather meal decreased and that of
lanthionine increased. From this comparison it is difficult to draw a clear conclusion
of the optimum time and pressure to obtain the maximum limiting amino acids and the
digestibility of the amino acids of the several treated samples.

Table 4.1 shows that the highest digestible lysine value was obtained in the hydrolized
feathers at 60 min. and 345 kPa pressure (Morris and Balloun, 1973b) while Papadopoulos
(1984) showed the highest digestibility of lysine, methionine and cystine in the feathers
hydrolized at 30 minutes and 436 kPa pressure. Lanthionine is an indicator of the conversion
by heating of cystine. The discovery of this unusual amino acid has been reported by various
authors (Wheeler and Latshaw, 1980; Baker et al., 1981; Latshaw, 1990). The progressive
changes of cystine and lanthionine owing to the time of processing are shown in Figure 4.10.
The loss of cystine, rather than the level found, is plotted to show the approximate parallel
with the appearance of lanthionine; with increasing time of processing, the conversion
of cystine to lanthionine is increased (Davis et al., 1961). However, Latshaw (1990)
concluded that increasing the pH or pressure increased the percentage of protein that was
pepsin digestible. As the pepsin digestibility increased, the cystine content of the feather
meal decreased and that of the lanthionine increased. Loss of cystine probably occurs
through desulphurization reactions that may lead to unstable residues of dehydroalanine.
These condense with cystine to form lanthionine or with the -amino group of lysine to
form lysinoalanine, as a result of thermal degradation (Bjarnason and Carpenter, 1970).
Loss of lysine could be explained by the addition of an -amino group of lysine residues to
dehydroalanine (Ziegler, Melchert and Liirken, 1967; Bjarnason and Carpenter, 1970).

The optimum digestibility of the most limiting amino acids, lysine and methionine,
in processed feathers needs further research. On a laboratory scale as well as at a practical
scale several processing conditions in large autoclaves have to be studied and evaluated
in practical diets for both broilers and layers.



101

aunsko ‘uone)ige JUINMULIDIU {pasn sem uoreNSe Snonunuo, ‘pasn sem uonelide o
BSAS JIEH  p -uohel! I 1 5P nej nuoy g P Nejse ON

- 0z'e 0’9 0£°0 0S°0 060 oL'T ovL 896 q00L 9
- 0z'1 oLy 0¥'0 090 060 081 0SL 896 qV1s 0T
- 061 oLy o¥'0 09°0 001 08'1 ¥'SL 996 q9LE 09
(9] - or'C 09°S 0¥'0 090 00'1 08’1 0€L 096 qL0€ 06
€9'1 - plry - $2°0 - - 0IL +'88 BSYE 0€
IS'T - pe8's - 9¢°0 - - 099 888 29LT 0€
(€2) LO'T - ARy - 150 - - 0TS S'88 8LOT 0g
87T L0T 69°¢ wo L9°0 880 v6'1 S'€6 6'96 q9tY oL
£€T 96'1 Yo't 8¢°0 ¥9°0 60 €61 €06 S'L6 q9t¥ 0S
96'1 85T €9y S0 99°0 €r'T 96’1 9'¢6 6'96 QoY 0€
(©) - - L89 - LSO - L6'1 - 6'96 0 0
- - 65T - €5°0 1 1507 6L 1'es >IFT 0€
- - L8'1 - 990 6’1 (354 47 678 qSYE 09
- - 1S - I¥°0 $6'0 'l 9L 7'€8 q9LT 09
- - (244 - 170 89'1 v1'C 8€EL 1'es qSYE 0€
@ - - 66'¢ - €0 €1 S6'1 81L L'v8 q9LT 0€
01'C - ors - (1140] - 06'1 01L 0'S6 eL0T ov
0¢'1 - or'L - or'o - 01°¢C 0'¥9 0'S6 eLOT 0€
oL'1 - 08°S - ov'o - 00T 0L 966 eIV 0C
08’1 - 0S°S - (1140] - 08’1 0L 0'S6 el?9 9
n 000 - 0z'8 - 0v'0 - 08’1 091 I'v6 0 0
% % % % % % % % % dy W
21qusadiq 1o a1qusadiq o] a1qusadiq o] Anpqusadiq  waod aanssaid o]
mwuﬁwxw.\mx NERQ.:*s:S NQN.N.SWQN& Nﬁ!& Q
aunsk) auruoryla ausfy suonipuod 3uissadroq

(20661) v 12 Kysnog [d (¢) PUe (0661) MEUSIET () ‘(861) soimodopeded (¢ *(QEL6T) UNOJ[eg PUE SLLOW (7) H(1961) J9ABIMAUIT
pUE 1Yol ‘Stae( (q) WoX] *(Bulssaocord £101210qET) SIOUIER] PaIean Y JO SISA[EUE [EOTIAYD O} PUE SISYIES] MEI A} UO SUODIPUOD Buissaoold Jo S100JJ2 UL *I'p 4L



102

4
z fe) Cystine loss
e 3 — *I
2
o
o
g 2 ° —
>
(<]
= ~ —
z
v}
g 1 —
o
of Amino nitrogen -
O Q , Ammonia g
0 / : ! ) 1 L 1 1
0 1 ) 2 3 4

HOURS AT 207 (KPs)

Figure 4.10. Loss of the amino acid cystine and formation of the amino acid lanthionine in feather meal
owing to increased processing time. Reproduced with permission from Davis, Mecchi and Lineweaver (1961).

Moisture effect

There is little information available about changes caused by different moisture levels
of the processed feather meals. Papadopoulos et al., (1986) reported that with the
levels of moisture of 50, 55, 60, 65 and 70% and processing times of 30, 40, 50,
60 and 70 minutes, at a constant pressure of 436 kPa and temperature of 146 °C,
there was a positive linear effect of moisture on the sulphur amino acids, cystine
and methionine. He also found that most of the essential and all the non-essential
amino acids were lower in more highly moistened meals than in those processed with
a lower moisture content.

Figure 4.11 and Table 4.2 show that the moisture content affected pepsin digestible
protein, lysine and methionine. Myklestad, Bigrnstad and Njaa (1972) showed the same
trends for autoclaved fish meal with moisture percentages of 7,5 and 27%. This point of
moisture content needs more research on a practical basis in large autoclaves.

(b)  Effect of chemical and enzyme additives

The low content of the most limiting amino acids, methionine and lysine in feather meal
have created an interest in developing alternative methods that will reduce autoclaving
requirements, such as adding chemicals or enzymes, to establish improvements of the
low percentage of these amino acids.
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Table 4.2. Amino acid composition and protein quality characteristics of hydrolyzed feather meals as
affected by processing time and moisture content. From Papadopoulos et al. (1986)

Treatment No. 1 2 3 4 5 6 7 8 9
Time (min) 40 40 60 60 50 30 70 50 50
Moisture (%) 55 65 55 65 60 60 60 50 70
Thr.2 4.75 4.72 4.86 4.70 4.77 473 4.65 4.87 4.60
Cys. 4.12 4.32 391 3.80 391 4.54 342 4.00 3.99
Val. 7.64 7.68 7.93 7.78 7.717 7.70 7.59 7.99 7.66
Met. 0.58 0.60 0.59 0.59 0.59 0.61 0.61 0.56 0.59
Ile. 4.95 4.97 5.17 5.03 4.97 4.85 4.99 5.07 4.92
Leu. 7.52 7.55 7.63 7.54 7.51 7.53 743 7.63 7.56
Tyr. 2.33 242 231 247 2.30 2.46 2.35 2.36 2.54
Phe. 4.15 4.26 4.39 4.48 4.21 431 4.20 4.66 4.71
Lys. 1.92 1.93 1.96 1.97 1.95 1.94 1.86 1.91 1.96
His. 0.69 0.66 0.70 0.70 0.67 0.67 0.68 0.66 0.67
Arg. 6.52 6.46 6.71 6.51 6.53 6.57 6.34 6.46 6.47

Essential AA 45.18 4557 46.16 4557 4518 4591 4412 46.17 45.67

Asp. 6.50 6.40 6.45 6.29 6.56 6.36 6.47 6.41 6.24
Ser. 11.57 1129 1127 1129 1161 1146 11.51 1141 11.03
Glu. 10.86 1071 11.12 1090 1093 10.82 1091 11.19 1042
Pro. 9.00 8.92 8.87 8.64 9.17 8.82 9.22 9.11 8.97
Gly. 691 6.90 6.99 6.94 7.13 6.96 7.05 6.89 6.82
Ala. 424 4.26 429 4.27 4.34 4.29 4.30 4.41 427

Non-essential AA 49.08 48.48 4899 4833 49.74 48.71 4946 4942 4775

Total AA 9426 9405 95.15 9390 9492 9462 9358 9559 9342
NH; 1.61 1.82 1.59 1.68 1.77 1.57 1.78 1.67 1.71
Cpb 96.48 9627 9740 9585 9732 9663 9575 98.07 96.85
Ash 1.24 1.24 1.40 1.22 1.19 1.21 1.26 1.38 1.17
PDPC 9423 92,06 9423 93.87 91.80 9402 9394 94.08 93.56
Nssd 64.77 62.88 7853 76.03 7429 56.12 8242 7247 66.21
NSH® 31.02 3252 4249 41.82 37.20 2695 49.01 3481 37.60

@ Treatment means; b Crude protein; ¢ Pepsin digestible protein; d Nitrogen solubility in 0.02
N NaOH;

€ Nitrogen solubility in 6 N HCI
AA, amino acid
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Figure 4.11. Three-dimensional response surfaces of methionine (A), lysine (B), histidine (C) and pepsin-
digestible protein (D) for feather meals treated under varying processing times and moisture contents.
Reproduced with permission from Papadopoulos ez al. (1986).

Chemical additives

Davis, Mecchi and Lineweaver (1961) reported from his trials that odours were reduced
by adding hydrated lime to feathers after picking. Because odour reduction has been
a serious problem in urban areas, some meal has been manufactured from feathers to
which lime has been added. Feathers processed after addition of 5% of hydrated lime,
showed some changes in the amino acid pattern in comparison with control samples.
The conversion of cystine to lanthionine was high owing to the addition of hydrated lime.
However, there were losses of 20-25% of isoleucine, threonine, and serine. Addition
of lime creates an alkaline reaction environment (pH 8.5-9) in which arginine may
become unstable and a loss of arginine is to be expected. They added also that the
natural L-form of amino acid in feathers will be changed to the D-form due to the high
pH, a form which is not always available to animals. This conversion, which is known
as racemization, may represent a loss of nutritional quality.

The amino acid composition of chemically treated feathers has been reported by
Eggum (1970). In his trials the addition of 1% HCI solution to hydrolized feathers
reduced the fall of cystine compared with feather meals processed under the same
conditions of heat and pressure without HCI. It was also shown that the addition of
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HCI reduced the contents of all amino acids, except for lysine, tyrosine, arginine and
tryptophan, when compared with feather meals treated without HCl. Wolski, Klinek
and Rompala (1980) observed that in feathers treated with dimethylsulphoxide the
content of all the amino acids increased in comparison with the non-modified feathers,
except for cystine, methionine, lysine and histidine. Further studies by Papadopoulos
(1984) showed that in chemically-treated feather meals there was a significant variation
in the amino acid responses to sodium hydroxide addition. All the essential amino
acids, with the exception of valine, were reduced, while the non-essential ones with
the exception of serine, were increased as sodium hydroxide concentration increased
(Tables 4.3 and 4.4). However, Latshaw (1990) concluded that increasing the pH from
5-9 lowered cystine and methionine, and increased lanthionine.

Enzyme additives

The use of proteolytic enzymes as a digestive aid has been applied practically in
processing keratinous materials. The reports show that enzymes from Streptomyces
Fradia, isolated from soil (Noval and Nickerson, 1959), S. microflavus (Kuchaeva et
al., 1963) and from Trichophyton granulosium, a fungus of human and mammalian
dermatophytes (Day et al., 1968; Yu, Harmon and Blank, 1968) have been shown to be
effective proteases with keratinolytic activity. It was reported that the unusual ability
of the enzymes to decompose keratin rapidly and completely is due to their ability to
reduce disulphide bonds in keratin. Elmayergi and Smith (1971) compared commercial
feather meal, fermented by Streptomyces Fradia, with unfermented meal, in feeding
trials with chicks. They found no significant difference in nutritional value between
the two products, although the fermented meal was 90% digestible by pepsin-HCI
solution as compared with 65-70% for unfermented meal. In their experiments, the
levels of methionine, tyrosine, lysine and histidine, usually present in small quantities
in feather meal, were increased considerably during fermentation with Streptomyces
Fradia. However, Papadopoulos (1984) reported that using a commercial proteolyic
enzyme, ‘“Maxatase”, did not improve the levels of amino acids except for leucine,
tyrosine and phenylalanine, although his experiment was rather a preliminary one
(Tables 4.3 and 4.4). It may be concluded from Table 4.4 that the true digestibilities of
the limiting amino acids, methionine and lysine, were not affected by either chemicals
or enzymes under investigation.

Dalev (1990) reported from his trials with alkaline-treated feathers with a pH of 8-8.3
mixed with an enzyme (alkaline protease B 72 from Bacillus subtiles with an activity of
50 000 U/mg produced at the Plant for Enzyme Preparations, Botevgrad, Bulgaria) with
a concentration of 0.5g enzyme per 100g of feather pretreated material. The content of
feather protein concentrate obtained by the alkaline-enzyme - disintegration treatment, as
percentage of dry matter is: protein 85.4; fats 1.22; ash 8.60; fibre 0.68; Ca 0.55; P 0.16.
The amino acid content of feather protein concentrate as percentage per 100g of protein
is lysine 2.17; histidine 0.58; arginine 6.98; aspartic acid 7.79; threonine 3.49; serine
10.24; glutamic acid 12.74; alanine 7.63; valine 8.02; methionine 1.20; isoleucine 4.90;
leucine 8.11; tyrosine 2.85; phenylalanine 3.01 and proline 8.90. He concluded that the
feather meal protein concentrate significantly exceeds cereal feedstuffs in lysine and
methionine content but is inferior to fish meal and soybean meal.
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(c)  Effect of physical characteristics, X-rays, bulk density and optical appearance

X-rays

Some experiments on the effect of X-rays on feather meal took place without any
practical application. The objective of these studies was to test the changes in the
chemical structure. X-ray diffraction data led Schor and Krimm (1961) to postulate a
S-helix as the structural unit of feather keratin, i.e. an extended chain which coils slowly
to form a helix with a relatively large pitch. Such helices tend to aggregate by hydrogen
bonding to form cylindrical units which in turn associate into cable-like structures.
The result of the reaction due to X-ray showed that reagents which oxidize or reduce
disulphide bonds as well as solubilize keratin would tend to support a further slowly
increase in susceptibility to enzymate digestion (Schroeder and Kay, 1955).

Bulk density

Davis, Mecchi and Lineweaver (1961) concluded that bulk density increases as
processing time increases with a constant pressure level (307 kPa). The correspondence
between bulk density and pepsin-HCI digestibility proved to be very good (Figure
4.12), however, no correlations were calculated. The method of determining the bulk
density was briefly described and not very accurate as far as the unit of estimate is
concerned. El Boushy et al. (1990), failed to find a clear significant trend between
bulk density and pepsin-HCI digestibility of feather meal protein. Apparently, bulk
density gives a rough estimation of the in vivo pepsin digestibility but is not suitable
for detecting minor quality differences.
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Figure 4.12.  Effect of processing on bulk density of feather meal. Reproduced with permission from
Davis, Mecchi and Lineweaver (1961).
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Optical appearance

Colour: The effect of the processing treatment on the colour of the hydrolized feathers
was discussed by Davis, Mecchi and Lineweaver (1961). Differences were found to
be more pronounced in the laboratory processed samples than in the commercial ones,
owing to the low iron content in the first. In the commercial processing, a small
amount of iron is picked up from the interior of the cooker and is converted to black
iron sulphide in combination with a part of the sulphur released from the feathers
during the processing reaction. This darkening reaction (iron related) tends to mask
the darkening (heating) produced by processing. Slightly less darkening may be caused
by processing for a short time at high pressure in comparison with processing at low
pressure for a long time.

El Boushy et al. (1990) reported from their trials that there is a very slight
colour difference between their experimental treatments. The only clear difference was
between the commercial sample which was darker and processed at 480 kPa for 1.5-2 h
(Figure 4.13). This dark sample may be affected also by the iron sulphur complex.

Figure 4.13. Effect of processing treatments on the colour of feather meal: (1) Raw feathers; (2) 307 kPa/90 min;
(3) 376 kPa/60 min; (4) 514 kPa/20 min; (5) 700 kPa/6 min; (6) Commercial sample. Reproduced with

permission from El Boushy et al. (1990).

Microscopic appearance: Davis, Mecchi and Lineweaver (1961) concluded that the
original characteristic structure disappears progressively with increasing treatment until
very little remains after normal processing. With severe processing for a long time,
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the original structure is completely gone, so that, after grinding, the material has the
appearance of dark sand. Experienced feed microscopists can always recognize the
material as overprocessed feather meal in feed.

El Boushy et al. (1990) observed the changes in microscopic appearance in relation
to the processing conditions (Figures 4.13 and 4.14) in comparison with untreated and
commercial samples. The original characteristic structure disappears with processing.
However, no clear relation between pepsin-HCl digestibility and microscopic structure
was noticed.

Figure 4.14.  Effect of processing treatments on the microscopic appearance of feather meals. For key to
parts 1-6, see legend to Figure 4.10. Reproduced with permission from El Boushy ez al. (1990).
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4.2.3 Improving the hydrolized Feather Meal Quality

When feather meal contains more than 85% crude protein, it is rich in cystine, threonine
and arginine, but deficient in methionine, lysine, histidine, and tryptophan (Routh, 1942;
McCasland and Richardson, 1966; Moran, Summers and Slingers, 1966; Wessels, 1972;
El Boushy and Roodbeen, 1980; Papadopoulos, 1984; El Boushy, van der Poel and
Walraven, 1990; El Boushy ez al., 1990). The addition of synthetic amino acids, fish
meal, dried whey powder and/or antibiotics may improve its quality as a feedstuff in
the diet of broilers and laying hens.

(a)  Synthetic amino acids

A number of investigators have demonstrated that broiler chicks and laying hens
performed normally when up to 4% of their diet was supplied by hydrolized feather
meal, while 5-8% dietary feather meal induced methionine, lysine, histidine and
tryptophan deficiencies and worsened chicken performance (Naber er al., 1961;
Moran, Summers and Slinger, 1966; Morris and Balloun, 1973%; Vogt and Stute, 1975;
Luong and Payne, 1977; MacAlpine and Payne, 1977). Also, supplementation of the diet
containing the high levels of feather meal with the synthetic form of the deficient amino
acids resulted in improvement in performance.

Baker et al. (1981) showed that in diets with feather meal as the sole source of protein,
methionine and lysine were the first- and second-limiting amino acids, while histidine
and tryptophan were equally third limiting. With methionine-fortified corn-soybean meal
diets it was shown that at least 10% of the dietary crude protein (24%) could be provided
as feather meal. With methionine and lysine supplementation, up to 40% of the dietary
crude protein could be supplied by feather meal with little depression in chick growth
rate and efficiency of weight gain.

(b) Fish meal

It was noted before that feather meal is very rich in crude protein (85%), cystine,
threonine and arginine, and poor in methionine, lysine, histidine and tryptophan.
Any combination of feedstuff which is rich in the deficient amino acids will improve
the total patterns of the most-limiting amino acids in feather meal.

Fish meal is sometimes available at reasonable prices and in several qualities as a fish
meal or as a waste. Fish meals such as anchovy, herring or menhaden, as well as fish waste,
are very rich in the most-limiting amino acids, lysine and methionine (Soares et al., 1971),
and the other essential ones, besides having high energy and rich minerals and an unknown
growth factor (Tables 4.5 and 4.6). Fish meal added at 1-5% to feather meal will improve
the essential amino acids pattern of a ration which contains mostly soybean meal and corn.

Gerry (1956) reported that when feather meal replaced fish-meal protein in broiler
diets, growth rates were significantly poorer than the controls. If some part of the fish
meal and/or soybean oil meal was replaced by feather meal in all-mash broiler rations,
good results were obtained. Naber and Morgan (1956) reported similar results to Gerry
(1956) by combining feather meal, fish meal and whey products.
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