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Feeding: Middle East Experience

M. Hadjipanayiotou
Agricultural Research Institute, Nicosia, Cyprus.

Introduction

Poor quality roughages comprise the only part of the diet for
ruminant animals in most Middle East countries for a considerable
part of the year. Animals on such diets are on negative energy
balance and supplementary feeding with energy and nitrogen has
been used for improving the nutritional status of animals (Capper et
al., 1989; Hadjipanayiotou et al., 1975).

Molasses-ureablocks (MUB) have been used as supplements for
animals kept under extensive systems of production (Sansoucy
1986). Despite of promising results from MUB feeding their wider
application is restricted due to lack of molassesin certain countries
and/or areas within countries. As aresult, urea block manufacturing
without any molasses was promoted by the Food and Agricultural
Organization of the United Nations in different parts of the world
(Hassoun 1989; Hadjipanayiotou et al., 1993a,b). The present paper
reviews studies carried out in Cyprus, Irag, Jordan and Syria aiming
at Urea block (UB) manufacturing and feeding with or without
molasses and the performance of animals on poor quality basal diet
offered along with UB made of a variety of by-products and of
binders.

Syria

The work on UB manufacturing and feeding in Syria started in
March 1991 with the commencement of the project FAO/UNDP/
SYR/89/003. A large number of UB formulae with or without
molasses and using avariety of binders were made (Hadjipanayiotou
et al., 1993a).
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The binders used were cement, plaster of paris (CaS0..1/2H-0)
and slaked lime (Ca(OH).. Slaked lime was a better binder than
plaster of paris. Although slaked lime was a better binder compared
to cement, the choice between the latter two should depend on
relative availability and price.

Ingredients used in MUB manufacturing were urea, salt, broiler
litter, dried cage layer excreta, wheat bran, solvent extracted olive
cake, fresh sugar beet pulp and sugar-beet molasses.

The Syrian studiesin line with those of Hassoun (1989) showed
that UB can be made without any molasses; the amount of binder
required, however, was relatively higher (>10% <15%) especially
when poultry excretawas incorporated in the mix. On the other hand,
even with alow level (5%) of molasses a 6% slaked lime gave good
UB. The amount of water required was increased with decreasing
molasses level in the mix; with mixtures without any molasses, up to
50| of water per 100 kg mix were required.

Aarts et al. (1990) reported that when using a concrete mixer, the
wheat bran must be introduced in successive small quantities at a
time in order to get a homogenous mix. In the Syrian studies,
introducing the ingredients in the order water, urea, salt, binder,
molasses, poultry excreta and wheat bran showed that the order of
mixing is not as critical as has been reported by Aarts et al. (1990),
and that introduction of wheat bran can be made in large portions. It
seems therefore, that mixing procedure can be altered in order to find
the easiest and quickest way to produce the blocks.

Details on UB manufacturing, including preparation of ingredi-
ents, mixing, moulding, demoulding, UB assessment and curing
applied in Syriawere reported by Hadjipanayiotou et al. (1993a).

Animal Sudies

Studies carried on research stations and/or using animals belonging
to farmers showed that animals on UB perform better than those on
the non-supplemented diets (Tables 1,2 and 3).
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Cyprus

Studies in Cyprus followed those in Syria and continued studying
further aspects of UB manufacturing. In seven tests carried out from
June to November 1993. UB were made using a variety of ingredi-
ents (chopped straw, poultry litter, ground barley, fresh brewers
grain, fresh tomato pulp, crude olive cake (COLC), urea, salt and
wheat bran), binders (cement, slaked lime alone or in combination)
and amounts of water.

Table 1. Effect of urea-block feeding on the performance of
Awass ewe lambs offered chopped cereal straw ad libitum, Hama
Research Centre (Test period: 22/12/90-21/2/91)

No block Block SD

No of animals 35 35 -
Initial weight (kg) 40.1 40.7 5.26
Final weight (kg) 34.9 37.5 1.97***
Weight loss (g/day) 88 53 38.7***
Feed intake (g/day)

Straw 744 770 -

Block intake - 90 -

Table 2. Performance of Awassi Sheep grazing stubble (29/9-
24/10/90) without (control) or with blocks.

No block Block SD
No. of animals 86 83 -
Daily weight loss (g) 56 6 71.7*

Block intake (g/day) - 47 -
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Table 3. The effect of urea-block feeding on the performance of
Awass sheep grazing cereal stubble in the Salamieh area, Hama
(Test period 12/9-24/10/91)

No block Block SD
No. of animals 99 100
Initial weight (kg) 45.8 44.8 5.52NS
Final weight (kg) 415 43.0 0.73***
Weight loss (g/day) 101 41 44 3 **
Block intake (g/day) - 97.3 -

Details on individual formulae and other characteristics have
been reported by Hadjipanayiotou (1995). In line with Syrian studies
(Hadjipanayiotou et al. 1993a), but at variance with tests in other
FAO projects (Rene Sansoucy and Michael Allen personal communi-
cation) where daked lime was not very effective binder, slaked lime
was an effective binder. Combination of two binders improved
hardness (H) and compactness (C) of UB; five percent cement and
5% lime gave better UB than when 10% lime or 10% cement were
used. Lime gave harder UB than cement. In the Cyprus studies there
was no need for more than 10% binder. Incorporation of olive cake
and brewers grain improved UB quality; incorporation of tomato
pulp and chopped straw gave UB that could be easily transported but
were of low density and spongy. Incorporation of high moisture
by-products in UB reduced the amount of water required, but
increased storing/curing area required.

Animal studies

In atrial with mature, dry Chios ewesthe value of UB as supplement
to straw (US) offered ad libitum was compared with other supple-
ments (concentrate-con, lucerne hay- LH and urea-treated straw-UTS
offered ad libitum). The present study showed that UB made of
by-products can be used for replacing conventional supplements such
astop quality roughage and scarce and expensive concentrate feeds.
Furthermore, UB feeding gave better results than UTS (Table 4).
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Table 4: Performance of Dry Chios ewes offered straw ad libitum
alone (US) or with a supplement of urea block (US+UB),
concentrate (US+C) and lucerne hay (US+LH) and/or urea-
treated straw (UTS) alone.

US UTS US+UB US+Con US+LH SD

No. of animals 7 7 7 7 7 -
Initial weight,kg 64.1 642 632 645 627 10.0
Final weight,kg 57.2 59.7 59.6 60.6 59.9 9.4
Weight loss,kg 6.9b 45ab 3.6a 39a 28a 2.3
Intake, g/kg.75/d

Straw 35ab 41a 35ab 33ab  29b 6.8
Supplement - - 14a 10b 1l4a 3.7
Iraq

Work in Irag and Jordan was initiated under the auspices of the
Mashreq project RAB/89/026, Increased Productivity of Barley,
Pasture and Sheep. The author worked as a consultant for the project
and with national scientists in the two countries formulated a work
plan that included on state and private farm studies. Ingredients used
for UB manufacturing were wheat bran, rice bran, poultry litter, date
pulp, beet pulp, corn cobs, reed, urea, salt, CaO, CaCOs and whey.

Different type of mixer was/is used in Irag. This type of mixer
beats and compresses the material against the walls of the container.
This smearing action results in better mixing of the ingredients,
blocks of higher density, compactness and hardness. There are now
two plants of UB manufacturing in Irag, a state one (Baghdad ared)
with an output of 3.5t daily and a private (Mosul area) with an
output of 2.5t per day. Both plants sell their UB to farmers (Annual
Report, 1993/94 Mashreq Project RAB/89/026).

Animal studies

In a number of studies carried out on state and private farms the
beneficial effect of UB feeding on the performance of ewes grazing
cereal stubble was obvious (Table 5).
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Table5. Effect of feeding UB on the performance of Awassi ewes
grazing cereal stubble (Annual Report 1993/94, Mashreq
Proj ect)

Experimental site Mosul, Al-Muside Mosul, Al-Irbeed

Treatment NoUB UB No UB UB
No. of ewes 30 30 30 30
Days on test 36 36 36 36
Initial weight,kg 48.4 494 46.6 46.0
Final weight,kg 50.8 53.6 48.5 48.8
Weight gain,a/d 50 115 51 75
Jordan

Ingredients used in Jordan for UB manufacturing were urea, salt,
sun-dried olive cake, poultry litter, wheat bran, fresh brewers grain,
fresh tomato pulp , cement and slaked lime. Most formulae, likein
Cyprus, Iraqg and Syriawere of very good H and C.

Animal studies

In line with other Mashreq countries UB feeding resulted in im-
proved growth rates, and the use of UB gave better results than UTS
(Table 6).

Table 6. Effect of feeding supplements of UB and UTSto Awassi
sheep grazing cereal stubble (Annual Report, 1993/94, Mashreq
Proj ect)

UB UTS Control
No. of ewelambs 12 12 11
Initial weight,kg 28.8 31.8 29.7
Final weight,kg 31.3 33.9 315
Days on test 30 30 30
Weight gain,g/d 83 70 61
Extra cost, JD 0.05 0.08 0.0

Net return,JD/head 6.1 5.17 4.6
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Conclusions

It is concluded that it is possible to make UB of good hardness and
compactness without any molasses. Brewers grain and COLC when
available, not only can be used for UB but they can aso improve UB
qualities. Furthermore, tomato pulp can be used in UB, and incorpo-
ration of high moisture by-productsin UB will reduce the amount of
water, but will increase storage/curing area required. COLC seems
to have binding qualities, and at high levels of inclusion (>15%) may
facilitate the use of less quantities of binders. The fact that COLC is
available during the rainy season, make its use for UB manufacturing
problematic, since dehydration of UB islonger. Surpluses of COLC,
however, can be easily preserved by ensiling in heaps next to oil
mills (Hadjipanayiotou 1995), and utilized in UB after February.

It seems that when making UB without any molasses/COLC
and/or other ingredients having binding qualities, the type of mixer
used is of greater significance for making good quality UB. The
concrete mixer isjust turning and mixing the material, whereas other
mixers, beat and compress the material against thewalls of the
container. This smearing action produces UB of higher density and
resultsin better contact between the binder(s) and the other ingredi-
ents. It ismy opinion that mixers that beat and compress the material
against the walls of the container might have to be used for making
good quality UB without molasses.

Hardening of UB increased with advancing storage period.
Sansoucy (1986) reported that resistance of 5-6 kg/cm2 to penetra-
tion would seem appropriate to ensure the desirable level of produc-
tion. Long storage of at least some formulae resultsin an extremely
hard blocks that could reduce block intake seriously. It is preferred
that UB are made at atime prior to their use so that they would reach
the desired degree of hardness at the time required. However, when
long storage period is inevitable, wrapping and/or storing the blocks
in polyethylene sheets/bags will maintain the desired hardness.

Slaked lime can replace a great part of cement; the selection of the
binder therefore, should depend upon price and availability. For
certain UB formulae, combination of the two binders may improve
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UB qualities (Hadjipanayiotou, 1995).

Preston and Leng (1987) concluded that UB feeding is a technol-
ogy that can be applied by small farmer whereas preparation of a
urea solution and spraying it onto straw is a demanding and often
arduous task making its wider application problematic. Since the
present findings showed a greater response to UB than UTS straw
feeding lend further support the conclusions of Preston and Leng
(1987). Finally, It is concluded that UB made of by-products can be
used for replacing conventional supplements such as good quality
roughage and concentrate feeds fed to ruminant animals.
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Introduction to the First FAO
Electronic Conference on
Tropical Feeds and Feeding
Systems

René Sansoucy and Christophe Dalibard
Animal Production and Health Division, FAO, Rome

Background

Livestock production constitutes a very important component of the
agricultura economy of developing countries, playing, in particular,
akey rolein food security. In fact, the animal product part of the total
food production is increasing at a much higher rate than that of
cereds and other crops. Actually, the contribution of livestock goes
far beyond direct food production (milk, meat and eggs) and includes
multipurpose uses, such as: draught power (contributing to crop
production, transportation...), skins, fibre, fertilizer and fuel, as well
as capital accumulation. Furthermore, livestock production is closely
linked to the social and cultural lives of several million resource-poor
farmers for whom animal ownership ensures varying degrees of
sustainable farming and economic stability.

The target group of FAO programmesisthat of the small farmers.
The main problems which presently limit the productivity of the
small farmers' livestock are shortage and low quality of feed, and in
some cases, high disease incidence and subsequent mortality of
livestock. These problems are further aggravated by the lack of
substantial capital investment, lower technological inputs and slow
transfer of appropriate technologies. Despite the repeated efforts
regarding animal health and genetics, during the past decades, the
productivity has not increased due to the neglect of the feed compo-
nent. This has particularly been the case in numerous developing
tropical and sub-tropical countries where the main purpose of
maintaining livestock is draught power and organic fertilizer, rather
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than for livestock products.

In order to feed the growing human population, it will be neces-
sary to devote more land to food and cash crops and therefore the
land available for pasture and fodder will be reduced as has already
occurred in Asia. Wherever the rate of population growth is high,
grain production will be more and more destined to satisfy the food
needs of these populations and less or no grain will be made
available for animal feeding. On the other hand, increased food and
cash crops will produce more crop residues and agro-industrial by-
products, many of which represent valuable animal feed resources.

Therefore, thereisaneed to promote new feeding systems taking
advantage of sources of energy and protein which are not directly
challenged by the food demand and which can be integrated in a
sustainable agricultura production system. Several such systems are
aready known and have been tested under different tropical and sub-
tropical conditions. Their am is to utilize all available local re-
sources, such as natural grasslands and high yielding crops (sugar-
cane, palm oil, cassava tubers or sugar palm trees) as providers of
energy and locally-grown soya or other legumes, multipurpose trees,
animal and fish wastes, and aguatic plants as providers of protein.

Thereisalarge number of different feeds available in the tropics
(more than 600 are mentioned in the FAO publication "Tropical
Feeds"). However, information on their nutritive value and their
potential role asingredients in local sustainable feeding systemsis
quite insufficient in most cases.

The major objective of the livestock development policies in
developing countries is to ensure the optimum contribution of
livestock to agriculture, in order to achieve food security, through an
increase of the domestic production, and an improvement of income
and welfare of the small farmers. The priorities of the developing
countries favour production systems which are sustainable and
environment-friendly, and which promote rural employment and
reduce dependency upon imports. Livestock should be kept on
feeding systems which do not require food demanded by people.
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Why An Electronic Conference on " Tropical Feeds and Feeding
Systems' ?

On the occasion of the presentation of the document "Livestock and
Improvement of Pasture, Feed and Forage”, the FAO Committee on
Agriculture (1993) recommended "the development of means for
rapidly disseminating information on various feed resources by
modern techniques (computer diskettes, CD-ROM, electronic mail)"
and that "further efforts and research be devoted to thisinitiative".
The need was aso emphasized to disseminate the results coming
from on-farm and on-station feed research on techniques suited to
smallholder systems.

The Feed Resources Group (FRG) of the FAO Animal Production
and Health Division has been very active in the production of
publications in electronic format and supporting key database in
recent years. It has been involved since the early eighties at the
inception of the electronic journal LRRD "Livestock Research for
Rural Development” published by CIPAV (a Colombian NGO)
which focusses on the role of livestock technologies in rural
development in the devel oping countries (Preston and Speedy, 1989).
Thisjournal is now distributed to about 1500 scientists in over 100
countries, (free of charge in developing countries). The FRG has
continuously been involved in the editorial advisory board, the
collection of contributions, the distribution, diffusion and FRG is
also now cooperating with the editorial work. Moreover, LRRD has
become the main vehicle of information for two FAO regional
projects since it includes their news bulletins.

The first publication of the FAO book "Tropical Feeds' by Bo
Gohl in 1975 has been much appreciated by scientists all over the
world. A second edition was issued in 1981, and the book went out
of print in 1990. For economic reasons, and also to take advantage of
the tremendous progress made in electronic publications, the first
computerized version of Tropical Feeds, revised by Andrew Speedy
(Oxford University) was issued in 1991. This has greatly facilitated
the updating of the information contained in this book. However
much more information is still needed on tropical feeds, fodder
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plants, trees and shrubs. In order to better respond to the users' needs,
more data should also be compiled on practical utilization aspects
and feeding systems for the main domestic animal species.

In 1994, a prototype of an electronic book (APH 102: Legume
trees and other fodder trees as protein sources for livestock) was
produced which constitutes the first step towards an electronic library
to be made available through an Internet server. Six recent publica-
tions from the FRG should be transferred in the near future under the
electronic format for inclusion in the electronic library. Savings
gained through this new publishing policy could be devoted to the
updating of previous publications and their transfer to this new
format for distribution. This approach would greatly expand the
potential readership throughout the world.

In developing countries, computers can now be found amost
everywhere and electronic mail and INTERNET services are more
and more available. Thiscommunication system is rapidly expanding
since it has been recognized as the most cost-effective means of
exchanging, circulating and updating information. It is the fastest
way of getting inputs and distributing outputs from and to a huge
audience. Since 1989, the FRG has been using Electronic mail to
correspond on a regular basis with more than 50 countries (33 of
them are developing countries) from the five continents. This
network is currently enlarging very quickly, in particular with the
help of trust fund network projects in Asia, Near-East and North
Africa, and Latin America and the Caribbean.

Through eectronic mail, the FRG has started to establish a small
informal "Panel of Experts’ (from Botswana, Colombia, Cuba,
Denmark, France, India, Tunisia, UK, Vietnam...), which is regularly
consulted for advising on identification of consultants, preparation of
the programme of activities, technical matters, etc... This has proven
to be a more efficient (prompt response) and cheaper way of
receiving advice than the traditional FAO Panels of Experts.

From November 1992 to April 1993, the first electronic confer-
ence on Livestock Research and Development has been successfully
organized by the Winrock International Institute for Agricultural
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Development (USA), the International Forum on Sustainable Land-
use Systems (INFORUM, USA) and the International Development
Research Centre (Canada) with the participation of afew scientists
from developing countries. At that time, however, this conference
had difficulties in reaching scientists from the South. With the rapid
progress of technology and the reduction of costs of equipment it
has, at present, become much easier for developing countries to join
the various el ectronic networks.

These developments are fully in line with the need for FAO to
spare money on traditional publications and international meetings
without jeopardizing its recognized |eadership as a major repository
of information, a major source of norms and a neutral international
forum. In particular, the FRG could better comply with its responsi-
bility for selective dissemination of feed information, related to the
better use of available resources in new feeding systems, rather than
just supporting the further collection of data and information per se.

Prospects

The objective of the FRG is to boost the exchanges of information
and experience in the field of tropical feeds and feeding systems
among developing countries. Many of them are currently suffering
from the so-called “book famine', which is a major constraint to
effective development. On the other hand, other developing countries
are overflowed with often “non appropriate’ information coming from
industrialized countries. At the same time, due to the lack of an
effective vehicle, very relevant information which is increasingly
being generated in the developing countries is still not widely
disseminated to other developing countries where this information
would be most useful.

This unfortunate situation can now be improved in a cost-effective
and sustainable manner thanks to the development of electronic
publications, mail, and conferences. The latter are some of the fastest
and most powerful tools for exchanging information and experiences.
They will soon become essential instruments which will give access
to alargerange of information from which scientists and extension-
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ists can choose options suitable for local conditions. Amongst other
things, they will permit devel oping countries to spare the often scarce
resources devoted to research, by sharing results and avoiding
duplication.

One of FAO's primary functionsisto collect, analyse, process and
disseminate information. Another important role is al'so to act as a
forum for its member countries. Electronic communications are a
particularly appropriate tool for accomplishing these two functions.

This electronic conference on "Tropical Feeds and Feeding
Systems" is the first of its kind organized by FAO. It should
contribute to providing important material for updating its database
and to facilitate the exchange of data among developing countries.
For those interested who do not yet have access to electronic mail it
is planned to distribute the proceedings on diskette, or possibly on
paper.

The main object of this conference isthat it should be the first step
towards establishing a global network on "Tropical Feeds and
Feeding Systems" which should allow for a continuous flow of
information exchange and discussions among scientists all over the
world. Although it appeared appropriate to start with tropical feeds
as they concern most developing countries towards which FAO
devotes the mgjority of its efforts, this network should eventually
extend its scope to all feeds available throughout the world.
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Plant factors limiting
roughage intake in ruminants

E.R. Orskov
The Rowett Research I nstitute, | nternational Feed Resources Centre,
Bucksburn, Aberdeen

Introduction

A debate on plant and other factors limiting roughage intake in
ruminants is both relevant and timely. It is relevant because in the
last decade we have learned a great deal more about it. It is timely
because in the last decade or two it has been recognized, at least in
countries in which environmental constraints (e.g. dry seasons and
winters) cannot be buffered by high level of concentrate feeding, that
static feed evaluation systems whether based on starch equivalents,
total digestible nutrients, metabolizable energy or grain units have a
limited relevance since none of them can predict voluntary feed
intake. As aresult these systems are of limited use for farmers who
want to predict the production capacity of pastures or roughages and
to assess their exchange rates to other forages. They are of limited
vaue aso for the planners of livestock production who need to know
the potential feed intake of farm animalsin order to predict if only
approximately, the potentia livestock production in aregion from the
available feed resources.

The problem of intake is of course not a new realization, many
researchers have paid attention to this. Crampton (1957) attempted
to predict intake from digestibility and chemical composition and
found no good relationships and he suspected that degradation rate
was an important factor though had no means of measuring it. Van
Soest (1982) made a great contribution by attempting to divide the
plants chemically in order to determineintake. While this was perfect
within plantsi.e. predicting intake at different stages of maturity, it
was not accurate when divergent plants like legumes and grasses
were involved. Balch (1969) attempted to predict intake by the
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number of chews required per unit of feed. Teller et al. (1993)
advanced the hypothesis that the animals had a finite capacity to
chew whether it be eating or rumination and that the total would not
exceed about 16 h/day. Minson (1990) lists a whole range of factors
plant and animal including grinding resistance to predict forage
intake. Lechner Doll et al. (1991) described the importance of
particle density in the rumen and its effect on rumen retention time
which in turn could affect intake.

There are no doubt differences in the capacity of different
ruminants to digest roughages. Ruminants that are most selective
usually have the smallest rumen volume Hoffman (1989) Mould et
al. (1982) demonstrated large differences between breeds of cattle in
Bangladesh and Britain. Even within the same animals the gut
volume is affected by pregnancy and lactation as discussed by Kay
(1990). Hoffman (1989) discussed the seasonal variation in gut
volume as response to quality of diets. Animal factors relating to
intake will be discussed in more detail in another paper but here we
must conclude that it is unlikely that description of plant factors can
predict intake under all circumstances. One could hope that it would
accurately predict ranking as there will be additional effects of
season, breed, physiological state etc.

In this article | will review briefly the plant factors and plant
dependent animd factors, which determine the intake and digestibil-
ity of roughages by ruminants and so the value of roughages in terms
of animal production. This has been our main objective at the
International Feed Resources Unit at the Rowett Research Institute.
I will trace the stages by which, making full use of roughage
degradability studiesin vitro and in vivo, we have been able to define
afeed potentia index which provides a simple integrated measure of
the value of roughage for animal production.

Rumen Environment

Definition of conditions

In order to pursue these lines of thoughts we have found it most
rational to assume that the rumen environment for cellulolysis was
as far as possible optimal i.e. adequate N, S, minerals etc. and
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optimal pH conditions. In other wordsintake would be limited by the
plant factors which affected fill and subsequent removal. While in
practise it may not always be possible to achieve optimal rumen
conditions we found it most convenient to express the value of afeed
under optimal conditions. The feeds may also contain antinutritive
factors which may not only inhibit degradation of the feeds them-
selves but also affect degradation of accompanying feeds. Some of
these factors will be referred to later. Antinutritive factors can both
inhibit rumen microbes or affect the host animal.

In the following some of the characteristics of roughages that
influence fill and removal are discussed below. They are solubility
(A) the insoluble but fermentable fraction (B), the rate constant (C)
therate at which long particles are reduced to small particles (D), the
rate of removal of small particles (E), and the rumen volume (F). It
will beimmediately apparent that A + B are the potential digestibility
and by definition:

100-(A + B) will be totally indigestible.

Solubility (A)

The best hay is made during dry weather because with rain a
proportion of soluble material contained inside plant cells will be
washed off and both intake and digestibility will be decreased. The
soluble material consisting largely of soluble carbohydrate and
protein occupies little space in the rumen and is also rapidly fer-
mented in the rumen. For both reasons it is a very important factor
relating to roughages.

The soluble content can be determined in several ways. The
smplest isto wash the roughages with water for a given period and
measure the loss of dry matter. It can aso be determined as that
which issolublein neutral detergent solution i.e. 100-NDF. It is also
possible to measure the soluble organic matter which may be
desirable in samples with high content of soluble ash. In our
laboratory we often use the loss of dry matter or organic matter from
samples contained in nylon bags that have been exposed to the
washing procedure but not incubated in the rumen.
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Insoluble but potentially fermentable fraction (B)

Thisis determined by extrapolating the exponential curve describing
degradation of insoluble material to its asymptote. This potential or
asymptote is seldom achieved in practice due to rumen retention time
and the degradation rate (see later). It is clear that the fraction which
is totally indigestible, 100-asymptote, will require space in the gut
until it is eliminated in the faeces.

The rate at which the insoluble fraction B is digested (C)

It is clear that the importance to the animals of the B fraction is
determined not only by its size but aso by its potential rate of
fermentation, as thiswill determine the amount of the B fraction that
will be released within the time span limited by the rumen retention
time. It follows that the B fraction and the C value should not be
considered in isolation from each other.

Therate at which large particles are reduced to small particles (D)
This factor, depends on chewing rumination and microbial disinte-
gration in the anima and is a very elusive parameter. Yet it is
undoubtedly important for some feeds. If the rate at which the large
particles are reduced to particles small enough to enter the liquid
phase and be exposed to outflow is greater than the rate at which
small particles flow out then it will be no constraint to feed intake. In
our laboratory we measured this parameter by measuring outflow or
rumen retention time of mordanted long or small hay particles. This
is of course not totally redlistic as the mordanted particles are
completely undegradable and therefore not exposed to microbial
disintegration. Some feeds, such as palm pressed fibre or sisal pulp,
contain very tough fibre which is reduced to small particles at arate
much slower than the outflow of small particles.

Outflow of small particles (E)

This parameter depends in part on rumen motility and, differs
substantially between roughages. There are very large differencesin
the outflow of small particles from ground fibrous roughages and of
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protein supplements. @rskov et al. (1988) showed that in circum-
stances in which the outflow of protein supplements was 0.06, the
outflow of roughage was only 0.03. These differences reflect the
length of time it takes for particles to traverse the solid mass of
rumen contents and become suspended in the liquid phase from
which outflow occurs. Outflow therefore depends on the shape and
specific gravity of the small particles and on the hairiness which
makes then cling and adhereto large particles in the solid phase. The
specific gravity, isan elusive parameter as fermentation gases can be
entrapped inside cell walls and make them less buoyant. There is still
a great deal to learn about the factors affecting outflow of small
particles. The question which we must address is whether the
variation between fibrous roughages is sufficiently large to warrant
a specific value to improve prediction of feed intake. There is no
doubt variability in specific gravity between roughages and type of
roughages and between small particles from seeds and roughages.

Rumen volume (F)

Thisfactor is aso extremely important but not a plant factor as such.
The volume of the rumen, determines how much fermenting material
can be accommodated at any one time. It is a factor which has been
neglected in selection procedures for animals. Indeed in some
countries it has probably been selected against as a high killing out
percentage, i.e. carcass weight as a percentage of live weight, has
been taken to be advantageous. It is undoubtedly genetic in origin
(Drskov et al. 1988). Animals selected on the basis of high or low
outflow rate consistently showed differences in flow rates regardless
of level and type of feed offered. Cattle in Bangladesh aso have a
much higher gut content (33%) (Mould et al., 1982) than normally
reported for Friesian Cattle (Campling et al. (1961)).

Antinutritive factors

The identification of the above range of factors governing forage
intake supposes that the animals will actually eat the diet. However,
throughout evolution plants have developed survival strategies to
prevent them being eaten by voracious herbivores or in some
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instances also making use of them to spread their roots or seeds.
During some growth stages the animals are discouraged from eating
them while in others they may be encouraged. Different herbivores
have also developed survival strategies, like the ability to select
certain parts of the plants or to develop microbial populations capable
of minimising antinutritive factors such as the microbial destruction
of mimosine (Jones 1981) and some tannins from tanniferous plants
(Brooker et al 1993).

Antinutritive factors are often associated with leguminous herbage
shrubs or trees rather than gramineae. The recent interest in multipur-
pose trees has also stimulated research into simple techniques for the
identification of antinutritive factors. Thus Khazaal and @rskov
(1993) used the simple yet effective gas evaluation technique of
Menke and Steingass (1988) to identify microbial antinutritive
factors. The difference in gas evolution with and without a com-
pound which complexed antinutritive tannins provided a measure of
the extent to which fermentation was inhibited.

It is clear from the above description of factors affecting intake
of roughages that only the A, B and C values are strictly speaking
plant factors. Although affected by plants, D and E are also affected
by animalsin so far that the actions of chewing and rumination are
involved. In the following | would like to examine the extent to
which feed intake and feed utilization can be predicted from a
description of feed characteristics. Here the nylon bag technique has
been extremely useful, with degradation characteristics supplemented
by the exponential equation p = a+ b(I-e-ct) developed by @rskov
and McDonald (1979). This equation was originally developed for
protein supplements in which the intercept was also an approximate
expression of solubility. However thisis not necessarily the case for
roughages due to the occurence of alag phase or a period in which
there is no net disappearance of the insoluble but fermentable
substrate B. Accordingly A was defined as the laboratory determina-
tion of solubility and B as the insoluble but fermentable substrate,
defined here as (a + b)-A, i.e. the asymptote less the solubility. The
rate constant C isasin the original equation. The major plant factors
affecting intake can now be derived from this relatively simple
description in the absence of antinutritive factors.
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The ability of these plant factors to predict intake and animal
performance has been tested in four separate trials in different parts
of theworld with different feed resources. The first trial was reported
from our group using different types and varieties of straws with and
without ammonia treatments. A total of ten straws with A values of
12-24, B vaues of 26-48 and C values of 0.0304-0.0481 were tested.
Theresults are given in Table 1 below.

Table 1. Accuracy of Estimating Digestibility, Dry matter Intake, Digestible Dry
Matter Intake and Growth Rate of Steersfrom Feed Degradation.
Characterigtics, asIndicated by the M ultiple Correlation Coefficients (r) between
Factors of the Degradation Equation and these Parameters. (drskov and Ryl e
1990).

Factors Used Digestibility Dry Matter  Digestible  Growth Rate
in Multiple Intake Dry

Regression Matter Intake

Analysis

(A +B) 0.70 0.83 0.86 0.84
(A+B)+c 0.85 0.89 0.96 0.91
A+B+c 0.90 0.93 0.96 0.95

Index value 0.74 0.95 0.94 0.96

The use of the asymptote (A + B) was superior to the use of metabo-
lizable energy concentration to predict intake. Adding to the rate
constant (C) significantly improved the prediction which again was
further improved by separately using A, B and C as defined earlier.

The same principle was used in a trial by Kibon and @rskov
(1993) in which six browse species from the North of Nigeriawere
fed to goats. Table 2 shows very similar results to those shown in
Table 1 except that the prediction from asymptote (A + B) was not
SO good.

Khazaal et al. (1993) obtained amost similar accuracy for
determining feed potential when ten leguminous herbages from
Portugal, were fed to sheep (see Table 3). Asin the previous work
the addition of the rate constant significantly improved the accuracy
of prediction.



62 Plant factors limiting roughage intake in ruminants

Table 2. Accuracy of Prediction of Digestibility, Dry Matter Intake, Digestibl e
Dry Matter Intake and Growth Rate from the Factors of the Exponential
Equation and the Index Value as Indicated by the Multiple Correlation
Coefficients (Kibon and @rskov, 1993)

FactorsUsed Digestibility Dry Matter  Digestible Growth rate
in Multiple Intake Dry

Regression Matter Intake

Analysis

(A +B) 0.65 0.57 0.15 0.41
A+B+c 0.88 0.99 0.92 0.99

Index value 0.75 0.90 0.88 0.81

Table 3. Accuracy of Estimation of Digestibility and Intake of Hay by Sheep from
Degradation Characteristics of Leguminous For ages as I ndicated by the Multiple
Correlation Coefficients. (Khazaal et al., 1993)

Factors Digestibility Dry Matter Intake
(A +B) 0.82 0.77
(A+B)+c 0.86 0.88
A+B+c 0.95 0.88

Table4. The Estimation of Digestibility Dry matter Intake, Digestible Dry Matter
Intakeand Growth Rate of Steersfrom the Feed Degradation Characteristics as
Indicated by Multiple Correction Coefficients (r) (Shem and @rskov 1993).

FactorsUsed Digestibility Dry Matter  Digestible  Growth rate

in Multiple Intake Dry

Regression Matter Intake

Analysis

(A +B) 0.85 0.83 0.84 0.80
(A+B)+c 0.95 0.84 0.88 0.90
A+B+c 0.98 0.90 0.93 0.93

Index value 0.95 0.90 0.92 0.89
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Finally similar results were obtained in alarge trial reported by
Shem and @rskov (1993) in which 17 different feeds, including
several types of maize stover, banana leaves, bean straws and Napier
grass, grown on the slopes of Mount Kilimanjaro were given ad
libitum to steers (Table 4).

Onefeed (Banana pseudostems) was excluded because the intake
was far less than expected, possibly because it contained 95% of
water; intake could therefore have been limited by the rate at which
the water was excluded or by other unidentified factors.

The results summarized in Table 1 to 4 are promising and indicate
that for many roughages a reasonably precise estimate of feed
potential can be obtained from simple studies using nylon bags
incubated in the rumen of sheep or cattle. A similar, though not quite
as precise, estimation based on the dynamic gas evolution technique
has been reported by Blummel and @rskov (1993). No doubt there
will be exceptions, as with banana pseudostem and possibly with
feeds containing extremely tough fibre such as palm pressed fibre
and sisal pulp.

From both a practical and conceptual point of view of feed
potential, it would be desirable to create one value, as was attempted
from the work described in @rskov and Ryle's book of 1990. The
multiple regression equation intake Y = X;A + X B + X C was
divided by X, so the value for A was 1. For the experiment referred
to, X/X; was 0.4 and X,/X, was 200. In other words a straw having
an A value of 15, aB value of 30, and a C value of 0.04 would have
anindex or feed potential value of 15 + 12 + 8 = 35. Thisvalue has
of course no biologica meaning but can indicate the potential
consumption and therefore the potential performance of the animals.
In thiswork a potential value of 33 enabled the animals to consume
sufficient for their maintenance need. The above results also illustrate
that the value of afeed can beimproved by improving A, B or C. An
improvement in the A value relative to B may have no effect on
overall digestibility yet still enable the animals to consume more. The
accuracy is quite surprising, probably because the degradation rate
constant may be positively correlated with for instance D and E, thus
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making it lessimportant to know the values for these parameters.
The concept appears to be correct and the future feed evaluation
table may well take the form of Table 5. The concept of feed
potential also needs to be developed for pasture evaluations so that
the expected performance of grazing animals in different seasons can

be predicted.

Table5. Description of Feedsin Termsof the Factor s of the Exponential Equation

and theIndex Value

Type of Feed A B C L Index
Value
Spring barley straw (Celt 10.3 33.8 0.0466 4.8 331
Spring barley straw 12.8 37.1 0.0580 6.7 39.2
(Corgi)
Spring barley straw 10.9 39.9 0.0495 58 36.8
(Doublet)
Winter barley straw 6.6 39.1 0.0247 33 27.2
(Gerbel)
Oat straw (Ballad) 11.4 38.2 0.0240 2.7 315
Rice straw (Sasanisiki) 17.1 36.0 0.0399 4.2 39.5
Maize stover 15.6 46.7 0.0356 12.8 41.4
Barley leaf blade 15.6 70.2 0.0672 5.0 57.1
Barley stems 135 36.4 0.0406 7.3 26.2
Oat |eaf 11.3 494 0.0352 39 38.1
Oat stems 124 29.8 0.0152 15 27.1
Rice leaf 15.1 37.2 0.0340 52 36.8
Rice stems 30.0 335 0.0484 4.7 53.1
Maize cob 125 415 0.024 161 33.9
Maize |eaf 19.7 38.0 0.041 14.2 415
Maize stem 14.1 36.9 0032 112 355
Hay 21.5 49.6 0.037 3.2 59.0

E.R. @rskov and W. J. Shand (unpublished). L = lag phase

These new concepts have already given rise to new perspectives.

1. The concept of feed potential in different regions can be of value
for planning the most appropriate type of animal production
commensurate with the feed resource. Thus reproduction, milk
production and fattening can be allocated to separate areas. It also
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helps to avoid the problems for both humans and animals when
exotic high-producing animals are imported into areas in which
thereisatotal mismatch between animal and feed potential. | have
seen appalling malnutrition in thousands of European and
American Holstein cows in South America, Asia and Africa
Application of the concept of feed potential could prevent such
mistakes happening again.

As mentioned in the introduction, the expression of feed
potential refers to feeds that are consumed under conditions in
which the rumen environment is optimal. Less than optimal
conditions will prevent the feed potential from being expressed as
both intake and nutrient extraction may be limited. Some of these
deficiencies can be overcome by addition of urea or the specific
limiting factor. Problems of pH can be largely overcome by
limiting processing of concentrate and by feed management. Some
problems cannot be rectified economically and sometimes less
than the feed potential has to be accepted in practice.

2 The concept aso clearly illustrates that roughages can be up-
graded by chemical, biological or physical means or by genetic
selection by concentrating on any of the three factors A, B and C.
For instance chemical treatment has the greatest effect on the B
value. Enzymic treatment affects mainly the A value. Genetic
selection can be aimed at any of them,; it does not need to enhance
digestibility aslong as feed intake is the limiting factor.

3. The index or feed potential can help planners predict potential
livestock production in different regions and, last but not least can
provide farmers for the first time with an exchange rate for their
roughage feeds.

Are feed potentials additive? To my knowledge, this has not been
adequately tested but there appears to be no reason why they should
not be. Basically, | think they are, if the utilization is expressed as
work or as energy deposited or retained. However it is most likely
that the daily work involved in chewing and rumination is similar
whether the index valueis 20 or 60. This would mean in effect that
if the work in chewing activity is reasonably constant then the energy
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available for other purposes should increase with increasing index
value; this perhaps brings us back to the general observation that
concentrates are more efficiently utilized than roughages. In other
words, while intake of digestible energy will be linearly related to
feed potential, the animal's performance will show a small but
consistent non-linear effect, whereby energy available for mainte-
nance, protein and fat deposition will increase per unit increase in
absorbed energy. This needs now to be investigated.

| would finally like to pay tribute to the great Canadian scientist
E.W. Crampton. He had great visions of events and depth of
understanding. He wrote in 1957 that the extent of voluntary
consumption of aforageislimited primarily by rate of digestion of
its cellulose and hemicellulose rather than by contained nutrients or
the completeness of their utilization. He continued to say “Rate of
digestion may be retarded by any one of numerous circumstances
which interfere with the numbers or activity of rumen microflora.
These include excessive lignification from advanced maturity,
practical starvation of flora from nitrogen or specific mineral
deficiency or the presence of excess of bacteriostatic agents’. Had he
continued on that line and been able to determine rate of digestion as
we now can, he would surely have been well ahead of us now. He
must surely be considered as one of the giants of ruminant nutrition.
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Postscript

The concepts need further elaboration but it would appear that smple
measurements such as the A, B and C value provide a much better
description of feed value than digestibility and metabolizability and
considerably cheaper.

There will be exception or feeds which are consumed in lesser
guantities than predicted. One feed isolated here was banana
pseudostem which was consumed in much less amounts than
predicted probably due to its higher moisture content (95%). Other
feeds contain antinutritive factors which reduce feed intake.

Finally the concept emphasises that feed potential or feed value
can be improved both by A, B and C values. Generally in the old
systemsimprovementsin feed value is taken to be improvement only
in digestibility. Feeds which have similar digestibility can have
substantial differences in feed potential. This means that genetic
selection for improved crop residues can be aimed at improving any
of the three characteristics and likewise upgrading procedures.

Breeds and types of animals will no doubt be diffe