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| NTRODUCTI ON

MIlk is an inportant conponent of diets for all humans as it is high
in essential amno acids that are nost likely to be deficient in diets
based on vegetable protein. Although mlk is a high-cost source of
protein and fat relative to vegetable sources, it is readily sal eable
particularly in the nore affluent urban areas of devel oping countries.
| mproving mlk production is therefore an inportant tool for inproving
the quality of life particularly for rural people in devel oping
countries.

M| k production systens in tropical countries are diverse. At the
one extreme the systens are simlar to those in nost industrialised
countries and are based on cows of high genetic potential given "high
qual ity feeds" which include fodder crops/silages and grain and protein
concentrates. M1k production per cowis extrenely high and
technol ogi cal inputs are high. At the other extrene are systens which
are used by the vast majority of small farmers in devel opi ng countries
and are based on low inputs and productivity per cowis relatively |ow
These smal | -farnmer systens vary fromones in which cows or buffal oes are
fed on crop residues, agro-industrial by-products and roadside grass to
beef cattle grazing tropical pastures that are m | ked once a day, with
the calf having access to the damfor the other half of each day. In
the latter systens, the pastures available to these "dual purpose
animal s are typical of nost tropical grasslands and are relatively | ow
in protein and digestibility.

Every concei vabl e system between these extrenes is used in various
parts of the world. However, the small farnmer on |low m |k production
systens are those with the greatest potential for inprovenent and are
the target of nost aide programmes. In the discussion presented here,
the strategies for inproving mlk production from cows/buffal oes fed
tropi cal pastures, crop residues or fibrous agricultural by-products are
di scussed.

On these feed resources, overall productivity is low, aninmals reach
puberty at a |late age (often 4 years) and inter-calving interval is
often 18-24 nonths, resulting in a small nunber of dairy animals in a
national herd being in mlk at any one tinme. A strategy for inproving
m |k production in these systens has therefore two conponents. The
first is to inprove reproductive efficiency of the dairy aninmals and
secondly to inprove mlk yield and persistency.



The greatest scope for inproving a country's mlk production is
through a strategy which targets inprovenent of reproductive
performance. This cannot be achi eved however w thout increasing mlk
production per animal. Reducing age at first calving from5 to 3 years
and inter-calving interval from24 nonths to 12 nonths by better feeding
managenent will at |east double the nunber of animals being mlked at
any one tine. |In addition, because the sanme feeding strategy that
i nproves reproductive performance al so increases m |k production, the
i nproved production per animal is also increased.

FEED RESOURCES AVAI LABLE TO SVALL DAI RY FARMERS

The smal | farnmers of devel opi ng countries have Iimted resources
avai lable for feeding to their rumnant |ivestock. They do not have the
| uxury of being able to select the basal diet but use whatever is
avail able at no or low cost. The avail able resources are essentially
| ow digestibility forages such as tropical pastures (both green and
mature), straws and other crop residues and agricultural by-products
whi ch are generally low in protein.

The major criterion for inprovenent in production is to optimse the
efficiency of utilisation of the available fodder resource and not to
attenpt to mexi m se ani mal production. There is little point in know ng
the "energy" requirenents of a cow or buffalo for m |k production, whose
requirenents are to be net fromwhatever crop residue is available. It
is inperative, however, to understand the requirenents for suppl enments
that will provide nutrients that will optimse the efficiency of
utilisation of that feed resource.

THE BASI C CONCEPTS

When considering howto optimse the utilisation of the available
forages for dairy animls, two basic concepts nust be applied as
fol | ows:

- To make the digestive systemof the cow as efficient as possible by
ensuring optimum conditions for mcrobial gromh in the runen.

- To optim se production by balancing nutrients so that these are
used as efficiently as possible for mlk production w thout
j eopardi sing the reproductive capacity of the cow.

Any further increases in production nmay be obtai ned by the use of
suppl enments of protein, starch and lipids to provide nutrients for mlk
producti on above those obtained when the efficiency of utilisation of
the basal feed has been optim sed. These suppl enments should be
processed and nust by-pass the runmen and becone avail able for digestion
in the intestine and in this way provide the nutrients in exactly the
correct balance for additional m |k production.



The two concepts can be inplenented by feeding a conbi nation of
non-protein nitrogen (NPN), mnerals and by-pass protein. The third
conponent is a relatively new concept which suggests that m |k
production, once the efficiency of utilisation of the basal feed
resource has been optim sed, depends upon providing nutrients needed for
t he conponents of mlk, e.g. the quantity and bal ance of glucose (for
mlk |actose), protein and fat, in a formthat will by-pass the runen.

AN APPROACH TO | MPROVI NG NUTRI TI ON OF LACTATI NG ANI MALS

In this paper, research work |leading to the application of feeding
strategies that enphasise optimal utilisation of available resources for
m |k production in the tropics are reviewed.

The approach taken has been one in which ureal/nol asses bl ocks (UVB)
have been provided to lactating rumnants to allow a slow, continuous
i ntake of nutrients needed to optimse fernentative digestion in the
rumen. By-pass protein supplenentation is used to optimse the
efficiency of use of absorbed nutrients. The devel opnent of both these
strategies has gone along simlar lines with testing under |aboratory
conditions being followed by testing on well nmanaged farns and eventual
trials under village conditions (see Leng and Kunju, 1989).

Over the last year, all Friesians inported into India and pl aced
under the care of NDDB have been fed according to the strategies
proposed (see Leng and Kunju, 1989). The 300 day | actational yield has
been, on average, 6000 litres.

In addition, several thousand tonnes of a by-pass protein have been
fed to cattle and buffalo under village conditions in various climatic
zones. On the basis of this research and the experience gained, the
| argest feed mlIl in India producing 300-600 tons of feed per day (Amul
Feed M 11, Anand) commenced the production of a new pelleted feed
suppl ement containing 30% protein and with approximtely 75% of the
protein in a formlikely to by-pass the runen.

BACKGROUND - THE USE OF NPN AND BY- PASS PROTEIN I N RUM NANT DI ETS

Definition

- By-pass proteins are defined here as those dietary proteins that
pass, intact, fromthe runen to the | ower digestive tract.

- Digestible by-pass protein is that portion of the by-pass protein
that is enzymatically hydrolysed in, and absorbed as am no acids
from the small intestine.

- Over-protected protein is that protein of the by-pass protein that
is neither fernmented in the runmen, nor digested in the smal
i ntestine.



- Metabolisable protein is the digestible by-pass protein plus the
digestible protein in the mcrobes that enter the small intestine.

- Fernent abl e carbohydrates are those parts of the feed carbohydrate
that are degraded by mcrobial action in the runen to volatile
fatty acid (VFA) plus that entering into the mcrobes that grow
with the energy (ATP) rel eased when VFA are produced.

Protein digestion in rum nants

In different production systens, rum nants consunme many types of
carbohydrates, proteins and other plant and ani mal constituents. Al
di gesti bl e carbohydrates are fernented to volatile fatty acids (VFA)
pl us nmet hane and carbon di oxi de by m crobial action. Proteins are
degraded by m crobial enzynes in the runmen to give the sane three
end- products (i.e. VFA, CO, and CH,) plus ammonia (see Figure 1). In al
cases a proportion of the substrate netabolised by mcrobes is used for
synthesis of the m crobes.

The mcrobial fernentation of soluble protein in the rumen is an
unavoi dabl e consequence of the rum nant node of digestion. |In the
absence of other forms of N, it ensures a supply of ammonia nitrogen for
m cro-organi snms fromwhich they synthesize the protein in their cells.
Under many circunstances, it is a wasteful process because high quality
proteins are broken down to anmmoni a, absorbed as such, converted to urea
inthe liver and this is excreted in the urine.

EFFI G ENCY OF M CROBI AL GROMH ON PROTEI N

Protein degradation to VFA leads to a relatively low availability of
ATP ( energy') to rumen mcrobes and therefore protein that is degraded
inthe runmen is inefficiently used for the growh of m cro-organi sns.
In conparison with carbohydrate when protein is degraded in the runen,
only half the ATP (the energy currency of the mcrobes) is produced in
fermentation of protein relative to the sanme anmount of carbohydrate.

The breakdown of carbohydrate in the presence of adequate anmoni a
and sul phur and other mnerals supplied by, for instance ureal/nol asses
bl ocks, results in nore mcrobial protein being produced than from an
equal anmount of protein fernented in the runmen. This is shown
diagramatically in Figure 1 and indicates that froma highly sol uble
protein such as |leaf protein, less than 10% of the protein in the diet
is avail able to the aninal.



Figure 1. The breakdown of fernentable carbohydrates and protein in the
rumen with the production of VFA and m crobial protein.
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Where HAC = acetic acid
HPro = propionic acid
HBut = butyric acid

Quite clearly therefore with readily soluble and fernentabl e
protein; whilst little escapes the runmen if the protein is in high
concentrations the protein to energy ratio in the nutrients arising from
the rumen may be decreased.

Factors that influence the availability of by-pass protein

For a variety of reasons a proportion of the dietary protein passes
fromthe runen into the small intestine without alteration. On reaching
the small intestine this by-pass protein is digested by enzyne
hydrol ysis and absorbed into the body as am no acid.

The conditions under which sone dietary protein may escape the runen
for digestion in the |ower alinentary tract include:

- When a protein neal has been nade highly insoluble by heat
treat ment.



- The protein neal contains tannins (2-4% which bind to nmake an
i nsoluble tannin - protein conplex (Barry, 1985) which is not
degraded in the rumen but is degraded in the abomasum smal
i ntestine.

- Chem cal treatnent has been applied, e.g. fornmal dehyde treatnent
(Scott, 1970).

- Wien a relatively soluble protein neal is fed in very high
gquantities and is either in a finely ground formor is rapidly
fragnmented into small particles which nove quickly through the
rumen. For exanple, when clover or lucerne (that do not contain
tannins) are fed at |evels below 2.5% of |iveweight (on a dry
matter basis), it is probable that no dietary protein escapes to
the lower tract. However, at |evels above this, sonme protein
escapes because of the rapid novenent of digesta out of the runen.
The anount of by-pass protein can be as high as 30% of the total
protein in the feed if this is highly digestible (D. Dellow & J. V.
Nol an - unpublished; Nolan and Leng, 1989.).

- When heat is applied to a m xture of soluble protein and xyl ose,
when a nodified browning reaction can insolubilise the protein.

M crobial protein synthesis in the runen

Ammoni a, peptides, am no acids and am nes formthe nitrogenous
substrate for the synthesis of mcrobial cells but anmonia is the nost
i nportant source of N for the mcrobes that fernent forages. Ammonia is
used by many species of rumen mcro-organisns as their sole source of
nitrogen for protein synthesis (see Leng and Nol an, 1984).

This assessnent of the role of anmonia in the rumen can be
msleading if it is unqualified. Firstly some species of bacteria and
prot ozoa commonly found in the runmen cannot grow or survive unless smal
quantities of peptides, am no acids or branched chain fatty acids are
provided in the diet and are present in |ow concentration in runmen fluid
(Hungat e, 1966).

A high level of runen degradable protein in the diet may support
high levels of all N-nutrients needed by bacteria and nay cause specific
popul ati ons of mcrobes to develop in the rumen as conpared to diets
where urea al one supplies the fernentable N

A deficiency of rumen ammonia results in a low mcrobial gromh rate
whi ch may reduce digestibility of fibre and | ower intake of feed.
The requirenents for ammonia for mcrobial activity

Estimates of the critical |evel of ammonia in the runen fluid for
efficient digestion has been reported to be as low as 50 ng NI or as



high as 200 ng NVVI. However, recent studies have shown that, when
ammoni a concentrations fall bel ow about 200 ng NI, the runen, mcro-
organisns are inefficient and are likely to respond to dietary NPN
suppl enents particularly to UVMB (Krebs and Leng, 1984; Boniface et al.
1986; Sudana and Leng, 1986; Perdok and Leng, 1989).

| nt ake of straw by cattle has been shown to be increased by
increasing urea levels in the diet until the | evel of ammoni a reaches
200 ng NI (Boniface et al., 1986; Perdok and Leng, 1989).

Recent studies with buffaloes fed forage based diets showed that,
given a period of access to nol asses/urea bl ocks, these animals learn to
nodi fy their intake according to the protein content of the basal diet
(Table 1).

Table 1. The influence of N content of the basal diet given to
| actating buffal oes on the intake of a block lick based on
nmol asses/ urea (Leng and Kunju, 1989).
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G oup No. Diet N | nt ake of M | k Li vewei ght

cont ent bl ock Iick pr oduced changes
(gN) (g/d) FCM (kg/ d) (g/d)
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1. 0 586 4.3 - 357

2. 30 256 5.7 - 455

3. 83 293 6.3 + 276

4. 111 173 6.1 + 89
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Can the runmen m crobes supply all the protein needs of the runi nant?

Even when ammonia and other nutrients are supplied, the quantities
of m crobes that |eave the rumen in digesta do not supply sufficient
protein to neet the needs for productivity in rumnants (i.e. noderate
to high growth rates and mlk yields). |In such a situation, the
deficiency synptons indicate an insufficient supply of essential am no
acids to the tissue. Under these conditions supplenentation with a
protein nmeal (which has a high content of by-pass protein) to supply



additional dietary amno acids increases both the |level and efficiency
of animal production (see Preston and Leng, 1987).

Protein (or Amino Acid) Requirenments of Rum nants

In the past, the protein requirements of rum nants and eval uati on of
the protein value of feeds for rum nants have been based on digestible
crude protein (N x 6.25). This is now recogni sed as a m sl eadi ng
concept. The use of digestible crude protein has arisen |argely because
it was considered that cattle and sheep could obtain their essenti al
am no acids from m crobes produced in the runmen. This in turn led to
suggestions that extensive use could be nade of non- protein nitrogen in
hi gh carbohydrate feeds and that a special role of rum nants could be to
convert non-protein nitrogen to high quality aninmal protein.

These have now been superseded by new concepts which take into
consi deration that when am no acid requirements are high, insufficient
digestible mcrobial protein is available fromthe runmen to neet these
needs. It is now necessary to assess the requirenents for N by
rumnants in terns of the anmount of ammonia (or NPN) and am no acids
needed by the runen m crobes, and the anmount of digestible by-pass
protein needed by the animal to augnment the total protein (am no acids)
avai lable to the animal and to create an efficient netabolism The sum
of the two sources of digestible protein represents the netabolisable
pr ot ei n.

Protein or amno acid requirenents relative to energy requirenments
of rum nants are, however, influenced by a nunber of factors and cannot
be stated with any degree of accuracy. The requirenents are influenced

by:

- physiol ogical state of the animal,

- rate of gromh and m | k production,

- body conposition as influenced by previous dietary and health
hi story,

- basal feed (particularly fat content),

- proportions of the different am no aci ds absorbed,

- patterns of runmen fernentation (i.e. acetate:propionate ratio),

- availability of volatile fatty acids,

- requirenments for glucose for essential purposes,

- environmental heat or cold stress, and

- the extent of the work | oad of the aninmal.

Wth all these unknowns, the need for by-pass protein under
conditions pertaining to small-holder cattle can only be assessed in
feeding trials ained at devel opi ng response rel ati onships. The effects
of physiological state of the female goat on the utilisation of protein
and, therefore its requirenents, is well illustrated by the data shown
in Figure 2.



Met abol i sable Protein Avail able to Rum nants

Met abol i sable protein available is the sumof digestible dietary by-
pass protein plus digestible protein fromm crobes reaching the | ower
tract. On nost straw based diets the netabolisable protein is mainly of
m crobial origin (i.e. there is no by-pass protein in the diet). The
anount of protein available therefore depends on the efficiency of
m crobial growh in the runen.

This in turn depends on several factors:

- the presence of all the essential nutrients in the bal ances and
anounts needed by the runmen mcrobes to grow e.g. ammoni a, sul phur,
phosphorus, trace mnerals, am no acids, peptides, etc.,

- a source of fernentable dry matter, i.e. the feed consuned,

- to a small extent the rate of digesta turnover and therefore feed
i ntake. However, this depends on degradability of the feed, type
of carbohydrate and the physiol ogical status of the aninal.

- buffering capacity of the runmen and pH of the runen fluid which
| argel y depends on diet, and

- the balance of mcro-organisns in the runmen. |f supplenentation
w th carbohydrate pronotes protozoal population this can actually
decrease the protein to energy ratio in the nutrients avail able
fromthe runen (see Bird and Leng, 1985).

As an exanpl e of how the bal ance of mcrobial protein to VFA energy
can be altered in a cow given a straw based diet, the effects of an
inefficient rumen (low runen ammoni a supply) and an efficient runen
(optimum runmen anmmoni a) are shown in Table 2. (see Leng, 1982 for the
assunptions and cal cul ati ons).

The point is that the PEratio in the nutrients absorbed is altered
according to how efficiently the runmen organisns are digesting the feed
or how nmuch by-pass protein there is in the diet.



Figure 2. The effects of physi ol ogical

Table 2

state on the intake and retention
of nitrogen in goats fed oaten hay/lupins (11% crude protein)
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The theoretical effect of feeding urea and urea plus by-pass
protein on the P:E ratio in cattle. The values were

cal cul ated for a bovine consum ng 4 kg of digestible organic
matter without or with urea or with urea and 400 g of a by-

pass protein source.
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Runmen condi tion M cr obi al Tot al VFA "P/IE ratio
protein protein pr oduced (g protein
synt hesi sed avai |l abl e (MI/ d) / M/ VFA)
(g/d) (g/d)
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Deficient in

ammoni a 500 500 41 12: 1
Sufficient in

ammoni a 1010 1010 30 34: 1
Ammoni a suffi ci ent

+ 10% of the diet

as by-pass protein 1010 1410 30 47:1

$3333333333333333333333333333333333331111333333333333))))))))))Q

" no consideration is taken here of the digestibility of the m crobial

or dietary by-pass protein



Ef fect of increasi ng ammpbni a concentrations in the runen of cattle on N
deficient diets

In nost situations, adding urea to a |low protein diet, such as that
based on a cereal crop residue, increases intake of the basal diet in
addition to inproving mcrobial gromh and digestibility (Table 3).

Table 3. The effect of infusing urea into the runmen of a cow given
straw based diets (Canpling et al., 1962).

$33333333333333333333333333333333333331111133333333333)3)))))))

D et Straw DM | nt ake of Theoretical”
Digestibility Straw P-Eratio
(% (kg/ d) (mg protein/M VFA

$33333333333333333333333333333333333331111333333333333)3)))))))

Straw 39 5.6 12:1
Straw +
150 g urea 47 7.9 34:1

$3333333333333333333333333333333333333111133333333333)3)))))))

" taken from Tabl e 1.

The potential effects of providing a UMB to rum nants on | ow protein
forages (which is intended to provide urea and other nutrients) include
the foll ow ng:

- Increased digestibility of straw

- Increased feed intake

| ncreased absorption of total nutrients

- Increased P:E ratio in the nutrients absorbed

The effects of supplenentation of by-pass protein

Suppl ementing a diet of crop residues fed to cattle with a by-pass
protein inproves the P.E ratio in the nutrients absorbed (see Table 1
and 2). This has a large influence not only on the | evel of production
but on the efficiency of feed utilisation (i.e. the anmount of feed
required per unit of mlk production or growh, is lowred). Stated in
anot her way, aninmals produce |ess netabolic heat when P.E ratios are
wel | bal anced to requirenents. This is well illustrated by research
shown in Table 4 where straw i ntake has been maintai ned constant and




efficiency of utilisation of the feed is inproved by supplenentation. In
ot her studies the increased efficiency is not readily discernible as the
effect of such supplenents is to increase forage intake (see Preston and
Leng, 1987).

Table 4. The growth rate of calves (live weight 150 kg) given rice
straw and supplenented with an oil seed neal Saadul | ah, 1984).
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Dai |y Straw Li vewei ght - Feed conversion
Suppl enent i nt ake gai n ratio
(g/d) (kg/ d) (g/d) (kg feed/ kg gain)
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0 3.8 84 46: 1
200 3.8 371 11:1
400 3.8 373 12:1
600 3.8 508 9:1
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RESEARCH | LLUSTRATI NG THE RESPONSES OF CATTLE TO UREA/ MOLASSES BLOCKS
AND BY- PASS PROTEI N MEAL SUPPLEMENTATI ON

G owt h studies

Jersey bulls (350 kg live weight) fed rice straw plus a concentrate
(lowin true protein i.e. about 15% trebled their rate of weight gain
when fed a nol asses/urea block in conjunction with 1 kg of this
concentrate (Table 5).

Studies with lactating cows/buffal oes

In ten villages, the average mlk sold in the collection centres
increased by 0.4-1.1 litres/day when the farnmer made a nol asses/ urea
bl ock available to their diary buffaloes (Table 6). Oher trials showed
that concentrate suppl enentation could be reduced without [oss of mlk
producti on when a nol asses/urea bl ock was given.



Table 5. The effects of supplying nolasses/urea blocks to cattle fed
rice straw plus 1 kg 15% concentrate (Kunju, 1986).

$3333333333333333333333333333333333331111133333333333)))))))))))Q

Straw Bl ock Live W. Feed cost/ kg
i nt ake i nt ake change gain
(kg/ d) (g/d) (g/d) (Rupee/ kg)
S)3000000030000000000300000003000 0000000000000 0000000))18
No bl ock 6. 4 0 220 9.3
Wth bl ock 6.8 530 700 3.7
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Tabl e 6. The observations on response of feeding block licks in
villages (Kunju, 1986). The results show the mlk or
mlk fat sold to the I ocal collection centre (Kaira
District Co-operative MIk Producers' Union Ltd., Anand,

I ndi a) .

Vill age MIk (kg/d) MIk fat (g/d)
SODIIIIIIIIIIDLL, SIIIIIIIIIIDD) I
pre lick with lick pre lick with lick

Al wa 4.8 5.9 300 450
Punadhar a 4.0 4.8 270 340
Ful genanuwada 2.4 3.5 160 280
Hi r apur a 4.2 5.2 350 480
Banroli (N) 3.6 4.2 270 380
Dehgam 4.3 4.7 310 350

More recently it has been denonstrated that feeding a nmeal high in
by-pass protein (lowin grain) as conpared to a cattle feed concentrate
based on traditional requirenments increased m |k production and
live-weight gain wthout substantially influencing basal feed intake
(Table 7).

The cattle were each fed 40 kg of green forage daily. The forage
consi sted of 60% | egune (nostly |ucerne/ cowpea) and 40% non-| egune
(mai ze, sorghum oats). The concentrates for cattle in group 1 were fed
according to NRC recommendations. The cattle in group 2 were fed a



protein concentrate based | argely on solvent extracted protein neals
denonstrated to have a high by-pass protein content. A major point here
is that the animals in group I disposed of nutrients equivalent to 20-25
M) of energy presumably through "futile cycles of netabolismi. This
addi ti onal netabolic heat production could have increased body
tenperature by 16.5°C if the aninmal had been in an environnment where
this extra heat could not have been dissipated. The feeding trial was
conducted during the cool season but

Table 7. The effects of replacing balanced concentrates with a high by-

pass protein pellet on |live-weight change and mlk yield of Jersey x
Kankrej cows (M G P. Kurup, G Kunju NDDB, India - pers. comm).

S)300000003000030000 0030000000000 0000000000000 000D
G oup No./group Crude Protein |Intake of M I k Li ve- wei ght

in suppl enent supplenent Yield change
(% (kg/d)  (kg/d) (g/d)
$333113313331333133133313313331333133133313313311)31))11)))))))))Q
1 75 18 4.7 8.0 - 210
2 75 30 2.6 8.8 + 202

$33333333333333333333333333333333333311111333333333333))))))))))Q

clearly in the hot season feed intake could not have been naintai ned.
Put another way, if the environnental tenperature was critical for
cattle in group Il then the animals in group I would have needed to
reduce their feed intake by 20 M ME

CONCLUSI ON DRAWN FROM STUDI ES I N | NDI A

The efficiency of feed utilisation is enornmously inproved if the
rumen of the animal has a healthy m crobial popul ati on adequately
suppl enmented by providing a nol asses/urea bl ock which often increases
the intake of a basal diet. Adding a by-pass protein supplement wll
further inprove the efficiency of utilisation of the basal feed
resources but will also allow animals to maintain feed intake at high
environnmental tenperatures and humdity. Conversely, the productivity
of lactating animals can be maintained at a | ower feed intake provided
the runen is made efficient and the animal's netabolismis nmade
efficient by supplenenting with a nol asses/urea bl ocks and by- pass
protein nmeal respectively.

CONSTRAI NTS TO APPL| CATI ON OF THE BY- PASS PROTEI N TECHNOLOGY

Even though the application of UMB/ by-pass technology is highly
promsing, a few constraints are still to be overcone before it can be
wi dely applied with confidence. Sone of these are given bel ow and
indicate areas for intensive research



1. The information regarding the degradabilities of protein in all raw
materials used in cattle feed are not yet avail able and may be
qui te vari abl e dependi ng on source, manufacturing conditions and
presence of other conpounds.

2. Easy | aboratory tests for protein degradability are still not
avai l able and there is still sone considerabl e disagreenent as to
whi ch nethod provides the best indication of the content of by-pass
protein in a protein neal.

3. There are insufficient data fromfeeding trials available on mlk
production per unit input of by-pass protein under the systens
comonly used by small farners.

4. There are no response relationships for mlk production for
econom ¢ anal ysis of the feeding of by-pass proteins which covers
at least two lactations. This is inportant as by-pass protein
suppl ementati on on these diets often inproves the body condition of
cattle and therefore reproductive performance. The second
| actation after introduction of these systens nay show t he greatest
econom ¢ response.

5. Many protein neals are undegradable in the runen. However, their
digestibility in the intestines may be very low This applies
particularly to protein meals with high tannin content. Such
protein neals are not good sources of protein to the animl since
much of the protein is lost in faeces.

6. For the nost efficient utilisation of by-pass protein for
production, the essential amno acid to total N ratio nust be high.

7. The limts of responses to by-pass protein resides in the
di gesti bl e energy content of the diet and at |ow digestibilities,
hi gh | evel feeding of a by-pass protein neal will result in amno
aci d degradation as an energy supply.

PRACTI CAL APPL| CATI ON OF BY- PASS PROTEIN I'N VI LLAGE SOCI ETI ES

Feedi ng Friesian cows of high genetic potential for mlk production -
The National Dairy Devel opnent Board of |India (NDDB) experience

Friesian cows of German origin were inported into India as
potential nmothers for the next generation of bulls for cross-breeding
w th indigenous cows. These aninmals were distributed to (1) NDDB farns
w th managenent and accurate recording of mlk yield and (2) individual
village farners in cool environnments. The NDDB farnms, which are
situated at Anand and Bidaj in Gujarat, are in areas with extrenely high
summer tenperatures which often exceed 40°C and may at tinmes exceed 50°C.



All animals are fed whatever forage is avail able and were provided
wi th ureal/ nol asses bl ocks and fed only a by-pass protein concentrate
(30% CP) at 300-500 g/litre of mlIk production. All animls have
thrived, nost are nowin their second | actation and where accurate
records have been kept have produced between 6000- 6900 litres of mlk
per 300 day lactation with peak daily |l actations often exceeding 30
| / day.

The point that has to be enphasised is that these aninmals were
apparently relatively unaffected by the hottest period of the year and
mai ntai ned mlk production at a tinme when there is usually a marked
reduction in mlk yield. They were fed the avail able forage which
varied fromm xtures of rice straw and green oats/crops through to a
m xture of rice straw and tropical grass. The practical observations
support the nore controlled research under institutional/ |aboratory
conditions and indicate a major influence of balancing nutrition on
anelioration of heat stress in lactating ani mals.

Amelioration of Anoestrous in Village Buffalo/Cattle

A maj or problem associated with mlk production in village
societies is that the "non-descript” animals which are by far the
majority of dairy animals are often fed the poorest feeds particularly
inearly life and between | actations. The reason for this is that
w thout the cash flow that conmes frommlk and with no rapid cash return
on their outlay, village people (who al ways experience cash fl ow
probl ens) are not prepared to purchase suppl enents.

In general, in developing countries, cattle and buffalo often cal ve
for the first time at 4-5 years of age and have an inter-cal ving
interval of up to two years. Infertility is therefore a nmajor problem

The i nprovenents in growh rates nedi ated by the feeding strategies
di scussed here al so suggest that reproductive rate may be simlarly
i nproved. A denonstration trial was established to test this
hypothesis. Wthin two village societies, cattle and buffalo were
sel ected that had exhibited (over an 8-12 nonth period) either infantile
genitalia (buffalo heifers) or no ovarian activity in mature
cows/ buffal oes. These animals were provided with nol asses/urea nulti-
nutrient blocks over the hot summer nonths and 90% of these aninmals cane
into oestrous after 3-4 nonths (Table 8). These studies have al so been
supported by studies of grazing cows supplenented with nol asses/ urea
bl ocks in Africa which have shown a marked decrease in the |actational
anoestrous period (Table 9).

The inplications for inproving mlk production of these discoveries
is extrenely large. Decreased age at first calving, together with
decreased inter-calving interval, may increase the total nunber of
animal s lactating at any one tine by 2 or even 3 fold, this in turn wll
increase mlk production fromthe national herd by the sane increase.
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Table 8. The effects of providing nolasses/urea blocks to cattle and
buffal o on reproductive activity (John, NDDB, personal
communi cation). The animals were owned by small-farners and
had been di agnosed as anoestrous (adult animals) or having
infantile genitalia (buffalo heifers) and had been in this
condition for 8-12 nonths. The farnmers were given
nol asses/urea nmultinutrient blocks at no cost. The period
covered was the hottest part of the year.

$3333333333333333333333333333333333)311)11133333333333))))))))))Q

No. No. of animals comng into oestrus
S)))331331331331331)31))))3))3)))))))))))))Q
before 120 d after 120 d never
S)3)331331331131131131131313131331331331)31)31)3)))))))))))))))))Q
Cr ossbred
cow 12 11 1 0
Adul t
buffal o 18 17 1 0
Buf fal o
hei fers 39 28 6 5

$33333333333333333333333333333333333311111333333333333))))))))))Q

Table 9. The effect of providing a nolasses urea block (UMB) to grazing
cows (Gobe Ranch, Ethiopia) on the length of the post- partum
or |lactational anoestrous period (ILCA ,1987).

$33333333333333333333333333333333333311111333333333333))))))))))Q

Post - part um anoestrous period (days)
$3222313313313313133133131)31))13)1))))))))Q

No suppl enent + UMB Dff.
S)300000003000030000000300000003 0000000000000 0000000 000))18
Suckl i ng cal ves 132 199 67
Restricted suckling 114 159 46

$3333333333333333333333333333333333331111333333333333))))))))))Q



TREATMENT OF CROP RESI DUES TO | MPROVE DI GESTIBILITY

The treatnment of crop residues with alkalis to inprove digestibility
is a well researched and established technique. Feeding treated straw
as conpared to untreated straw considerably inproves rum nants
productivity (see Sundstbl and Onen, 1984).

Si npl e techni ques based on ensiling the wet straw (50% noi sture)
wth 3-4% urea are well established and could be applied under vill age
conditions. However, these techniques are only being accepted slowy or
are unacceptable to small farmers for a variety of reasons which vary
fromcountry to country and within districts in the same country. The
mai n constraints to inplenenting straw treatnment as a neans of inproving
m |k production in small-farnmer systens are econom c, sociological and
| ogi stic.

Econom ¢ consi der ati ons

Smal | farnmers invariably have a cash flow probl em and purchase of
urea is restricted generally for crop production. Oten plastic covers
for the straw are costly and inpractical. 1In addition, the returns for
use of urea on a rice crop nust be offset against the incone frommlKk.

Soci ol ogi cal consi derati ons

Oten the nost appropriate time for treatnent of crop residues is
at harvest tinme, when nost the famly are involved in |long hours of work
and have no tine to treat straw. The availability of water is often a
constraint. In nost countries this would be carried in urns by the
wonen froma distant source. These w ves/daughters of small farners
generally have very full working days. Oten, for security or
conveni ence purposes, strawis stored in or close to the residence of
the famly and the snell of ammonia is highly unacceptable and may | ead
to eye disorders particularly in children. Finally, wet straw is nuch
more difficult to store, preserve and feed to the cattle.

A major constraint is that farmers, from experience, have a fairly
accurate annual feed budget. The main benefit fromtreated straw cones
fromincreased feed intake and therefore the budget has to be adjusted.
Failure to do this often results in the farmer having to purchase
expensi ve straw which wll be econom cally di sadvant ageous.

Concl usi on

For straw treatnent to be successfully accepted by small-farners in
devel opi ng countries the nethods nmust be made easy, |ow cost and nust
have | ow | abour inputs. It seens that, for the foreseeable future,
straw treatnment is unlikely to develop as a national strategy but wll
be used by the larger farners particularly those that can afford to buy
| abour .
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RESEARCH NEEDS

For the inplenentation of the new feeding system nore feeding
trials need to be carried out in which response relationships of mlk
producti on/ wei ght change can be correlated with | evel of by-pass protein
feeding. However, sone of this can be left to individual farnmers who
can be instructed to slowy increase the |level of protein neal until
they are satisfied with the response. They will automatically take the
nost econom ¢ option and the inportant point to stress is that farmers
nmust have access to the suppl enents.

The influence of these feeding strategies on reproductive
performance needs further research as it is likely to have the greatest
effect wwthin a country.

The feed processing technol ogy should be nodified in view of the new
systemwith a view to increasing, in processing, the by-pass protein
content of a pelleted feed. A suitable feed fornmula based on the
nutrient supply, processability and econom cs of feeding needs to be
devel oped, for use with the inportant basal feeds available to
smal | -farmers.

There is a wide gap today in this technol ogy between the research
nutritionists who use only single ingredients or a conbination of two or
three protein nmeals and the practical feed manufacture who uses a
vari ety of feeds conpounded on | east-cost basis. Since many devel opi ng
countries have large quantities of protein neals in the country then
t echnol ogy devel opnent to ensure its efficient utilisation should be a
matter of priority. |In countries where the oilseed neals are
unavail abl e, the potential of forage trees containing tannins, or the
treatnent of forage tree |l eaves to protect the protein need to be
devel oped.

THE FUTURE

The chal l enge for the scientist in many devel oping countries is to
how best conbine in a diet for dairy animals the avail abl e green forage,
crop residues and agro-industrial by-products with the avail able protein
resources and nol asses/urea block to optimse mlk production. It is
likely that the availability of protein for dairy animals is likely to
be the primary economi c constraint, it is therefore necessary to devel op
new protein resources (e.g. aquatic plants, tree crops) and to find ways
and neans of protecting the protein fromdegradation in the rumen whil st
remai ni ng of high digestibility is an urgent priority.
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| ncreasing ml k production following optimsation of the efficiency of
utilisation of the basal feed resource

The "G eenhouse effect”, that is the warmng of the Earth's
at nosphere because of increased content of carbon di oxi de and net hane,
Wil in the future require a reduction in production of these gases.
Met hane produced by rum nants probably contri butes about 25% of the
i ncrease in global nmethane concentration in the atnosphere (which is 1%
per year at present) and this source of nethane can be reduced by
decreasing the nunber of rumnants in the world. This will necessitate
a nove to increase production per animal to maintain and increase this
source of human food. This increase per animal wll need to be nade
within the constraints of the avail able feed resources.

MIk is essentially water, lactose, protein and fat. To boost
production of mlk fromanimls fed avail abl e forages above that
stinul ated by the optinmum | evel of by-pass protein plus ureal/nol asses
bl ocks, it will be necessary to supplenment well balanced m xtures of
am no acids (from by-pass protein) and lipids (as unreactive LCFA
conbined with calciumto form soaps) and by-pass starch

The role of dietary fat in the nutrition of rum nants has
traditionally been | ooked upon as a neans of increasing the energy
i ntake of rum nants without a proportional increase in the quantity of
feed consunmed. A strong case for inclusion of fats in rumnant diets
was made by MIligan (1971) on the basis of the energetic efficiency of
incorporation of dietary long chain fatty acids (LCFA) into tissue LCFA
of fattening animals. Kronfeld (1976,1982) proposed that an opti mal
bal ance between am nogenic, glucogenic as well as lipogenic nutrients is
required for maxi mal efficiency of mlk production and prevention of
ketosis in highly productive dairy cows. Theoretically, this should be
achi eved when, anongst others, exogenous LCFA contribute 16% of the
total ME intake (Kronfeld, 1976). Simlar levels of LCFA inclusion in
the diet of lactating cows, was determned to result in an optinma
efficiency of nutrient utilization for mlk production by Brunby et al.
(1978).

Very little information is available, however, on the influence of
dietary LCFA on the efficiency of nutrient utilization by grow ng and
| actating rum nants, especially when they are fed roughage-based diets.
Al though results reported in the literature are highly variable,
generally it is believed that the inclusion of nore than 4-6%fat in the
diet will result in a reduced digestibility of fibre in the runmen and
sonetinmes a reduced DM (Kronfeld, 1982; More et al., 1986), unless
these lipids are offered in a formwhich nakes themrelatively inert in
t he runen.

Calciumsalts of LCFA (Ca-LCFA) are such a source of rumnally inert
LCFA (Pal nmgui st and Jenki ns, 1982; Jenkins and Pal mqui st, 1984) and have
been shown to increase m |k production by dairy cows when used as a feed
suppl enent (Pal ngui st, 1984). Interactive effects of dietary LCFA with
nutrients other than fibre have received little attention.
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An interaction between dietary LCFA and protein neals has been found
and on low protein diets, the benefits of dietary fat are only apparent
when a by-pass protein is fed (van Houtert and Leng, 1986).

The quantitative inportance of these possible nutrient interactions
is unknown in dairy animals fed forage based diets but since the
nutrients in mlk arise fromlong chain fatty acids, am no acids and
gl ucose, research is now being ainmed at devel opi ng a suppl enent which
provides directly to the aninmal.
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