NUTRI TI ONAL CHARACTERI STI CS OF TROPI CAL FEED RESOURCES:
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by
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| NTRODUCTI ON

Nuner ous studies and reviews have al ready been conpleted on this
topic, e.g. Gsbourn (1976), Mnson (1976), Stobbs (1976),
Bal ch(1977), Chenost and Meyer (1977), Jarrige (1979), Gbhl (1981),
Lane (1981), Preston (1982) and Devendra (1988). 1In the context of
the present consultation, we will therefore restrict ourselves to
reviewing the main characteristics of the tropical feed resources
whi ch shoul d be taken into consideration when defining diets and
feeding systens in accordance with the new principles of rum nant
di gestive physiology and nutrition.

RUM NANT | NTAKE AND DI GESTI ON

The individual cow s daily production depends not only on its
genetic characteristics and its stage of lactation but also a great
deal on the quantity and quality of nutrients to its internediary
metabolism This supply is the result of the voluntary intake and the
nutrient density of feed intake.

Vol untary intake depends both on:

- the appetite of the aninmal which varies according to the ani mal
itself (age, physiological stage, former nutritional status,
etc.) and to the environnental conditions (tenperature, humdity,
etc.) under which the animal is kept, and

- the specific characteristics of the feed.

The voluntary intake of feed depends essentially on the rate of
degradation of its digestible matter into particles of a size small
enough to enable their passage fromthe reticulo-runmen to the | ower
gut. This degradation is achieved by neans of the chew ng process
(eating and rum nation) and the mcrobial fernentation which takes
place in the reticulo-rumen. The cell wall content and the nagnitude
and nature of lignification of these cell walls are anongst the nost
i nportant factors which govern the degradability and the rate of
passage of a forage.

Good mi crobial activity will require:



- adequate nutrition of the runmen m croorgani sns: energy in the
form of ATP rel eased from sol uble and structural carbohydrates of
the plant, thanks to the anaerobic fernentation; nitrogen in the
form of ammoni a generated by the hydrolysis of the fernentable
nitrogen; mnerals and vitam ns;

- good chem cal and physico-chem cal runmen environnent: pH (which
shoul d be as constant as possible and not below 6.5 to favour the
cellulolytic mcroorgani sns) and a regular outflow fromthe
rumen. These conditions are not only dependent on the properties
of the feeds but also on their rationing (nunber and frequency of
nmeal s, physical formof their presentation).

Nutrients required at the tissue |evel for both maintenance and
mlk synthesis are supplied by the end products of runmen fernentation
(anmongst which are the volatile fatty acids (VFAs) and m crobial cel
proteins) and by the dietary nutrients which have escaped runen
degradation and are digested in the intestine. Depending on the |evel
of production of the host animal, it may be necessary to provide, in
addition to the forage, dietary supplenents in order to neet its
nutritional requirenents. These supplenents should be adm nistered in
a certain anount and shoul d possess characteristics, such that the
rumen ecosystemis not inpaired and generates the proper anount and
relative proportions of mcrobial protein, VFA energy and gl ucogenic
ener gy.

In order to define an optinumdiet it wll therefore be necessary
to choose the feeds according to the quality and quantity of energy
and nitrogen available. These characteristics cannot be determ ned by
the classical routine analysis. In addition to Crude Protein content
and Organic Matter (or energy) digestibility it is inportant to know

- an estimate of intake, nore particularly for those feeds which
conpose the basic part of the diet. A good indicator is the rate
of their dry matter degradability in the runen. This can be
approached through the nylon bag "in sacco" technique which uses
rumen-fistul ated ani mal s;

- an estimate of the respective parts of runmen degradabl e and
undegr adabl e ("by-pass") proteins avail able, respectively, for
the runmen m croorgani snms and the host animal. This can be al so
approached wth the nylon bag techni que which can give an
estimate of the extent and rate of protein fernentability. The
French PDI (Protein Digestible in the Intestine) system (I NRA,
1988) can distingui sh between the various parts which are finally
digested in the intestine, i.e. PDIA (Protein Digestible in the
Intestine fromdietary origin), mcrobial protein allowed by
avail abl e fernmentable N (PDIMN) and m crobial protein allowed by
avai l abl e fernmentable energy (PDIME). The sumof PDI A + PD M on
t he one hand, and the sumof PDIA + PDIME on the other hand give,



respectively, the PDIN and PDI E val ues of a feed. Balancing a

di et by supplenenting the basic feed with the appropriate

suppl enentary feeds is achi eved when PDIN and PDI E val ues of the
di et are equal and neet the production requirenents. This system
is being adapted, for instance, to the Cari bbean feedstuffs
(Xandé and Trujillo, 1985).

- Data on energy sources: rate (see above) and type of
fermentation. The slowy fernentable energy rel eased fromthe
structural carbohydrates or the nore easily fernentabl e energy
rel eased fromhigh digestible cell walls (e.g. citrus, beet or
fruit pul ps, which both favour a cellulolytic ecosystem The
fast degradabl e carbohydrates of "sugar type" (nolasses) or of
"starch type" (cereals, roots and tubers, banana) which both
hanper the cellulolytic ecosystem (drop in pH). The end products
of the fornmer are essentially C2 whereas those of the second
favour C3 VFA. Oher inportant information, but of course
difficult to predict, is the good timng of the rel ease of NH,
and ATP for optimum m crobial nutrition and thus synthesis and
m crobial activity. Finally, an assessnent of the undegraded
part of energy in the rumen (e.g. rice polishings or naize,
rat her than wheat or cassava) usable in the intestine for the
ti ssue requirements (glucogenic function) is also inportant
(Preston, 1982; Van Es, 1985).

All these considerations are undoubtedly nore inportant in
tropical than in tenperate regions even if the levels of aninal

production are lower. |In fact, shortages of nitrogen (tropical feeds
al so contain | ess by-pass protein) and of digestible cell-wall energy
may occur quite often in tropical countries. It is therefore

inportant to be able to choose the proper m ssing conponents anong the
other locally available resources. As already discussed in several

i nstances, supplenents of the tropical basic diets have often nore
than an additive effect on both intake and ani mal perfornances
(Preston, 1982; Van Es and Tam nga, 1987).

W w il briefly distinguish between the basic resources which
conpose the main parts of the diet and the other various resources
whi ch can suppl enment t hem

The former are pastures and green fodders which are of course the
princi pal natural rum nant feed. They are also crop residues,
including the fibrous agricultural residues (FAR) which can be used as
a substitute (partly or entirely) for herbage in those popul at ed
regions |ike South East Asia where land nust firstly be devoted to
production of food for man. Another group is the perennial food crops
(e.g. sugarcane, bananas), and also roots and tubers which were
formerly grown for man and are now nore and nore considered as feed,
either for the dry season or even as the basis of the diet for new
f eedi ng systens.



Table 1. Main nutritional characteristics of the principal categories
of tropical feed resources.
Feeds Rumen fermentation Observat 1 ons
Energy Mitrogen Utilization
Pastures slowly fermentable fair CP content -fair intake
Green fodders “Lignified
Farages WFA - I::z fermentable -rumen funct ion

and ruminat ion

Basis of diet

Crop residues: slowly fermentable wvery low CPF =increased OMD

content and intake with
STrows treatment
STOVErS need fermentable
cant ops H + FOLA
Basis of diet

Feed crops: -need fermentabl e
SO are slowly ) fermentable Low CP content + POIA nitrogen
(whole) guickly) Basis/supplement
Foliages - tree fermentable wery high CP rumen function
traps imeluding a8 sourcesiPOIA)
Leucaena, tl % CI me‘rlﬂ:ﬂtBblE* -good intake
Clyricidia, etc. [by-pass) Suppl ement fBas s
Agro-industrial byproducts:
Energy
molasses casily fermentable Low M

("sugar™ type) Supglement fRasis
pulps (citrus) easily fermenteble low N

("cell wall" type)
energy * N
bran/pol ishings fermentable + unfermentable Supo | ement

lipids LCFA N source POIA + bypass
0l brogen energy ,glucogenic
oil cakes + seeds high CP
animal /fish lipids PDIA a.a&. Supp | ement
Wiy - urea fermentable industrial WFM

"Further research is needed regarding the tannin effect on digestion
(enzymatic) in the intestine




The ot her category is roughly made-up of the agro-industrial and
vari ous by-products which can be utilized only as part of the diets.

W will now consider the way these feed resources can be utilized
in the appropriate conbination so that:

- intake of the basic conponents is maxim zed,
- animal performances are optim zed, and
- cost of diets is mnimzed.

Al t hough pastures and green fodders are the principal natural
feeds for rumnants, there are also other feed resources which can be
used as substitutes during the dry season (e.g., crop presidues),
suppl enments (agro-industrial by-products: cereal brans, nol asses,
oi | cakes, etc.) or as the basis of the diet (sugar cane, roots and
t ubers, bananas).

GREEN FODDERS, HERBAGES AND PASTURES

It is well recognized that the tropical herbaceous and shrub
pl ants beconme high in lignified carbohydrates and I ow in total
nitrogen when they mature. |In addition their mneral content is |ow
and unbal anced; phosphorous is anongst the nost frequent deficient
macr o- el enent s.

The digestibility of tropical forages decreases at a |lower rate
than that of tenperate ones but this decrease starts earlier and from
a |l ower value at the young vegetation stage (Chenost, 1975; Evans,
1977). As a result, tropical grasses, and to a | esser extent |egunes,
al ways have a |lower digestibility than the tenperate ones (M nson,
1976) as shown in Table 2. In fact, the high content and the type of
encrustation of lignin in the plant tissues and cell walls and the | ow
N supply to rumen m crobes are reasons which lead to a slow rate of
br eakdown and passage of particles to the |ower gut and reduced intake
of tropical grasses.

However, except in the case of natural pastures in dry tropical
areas, tropical pastures have a trenmendously high dry matter
productivity. This productivity enabl es mai nt enance of high stocking
rates (carrying capacity) as shown in Table 3.

The yields of tropical C4 grasses (e.g. Digitaria decunbens)
responds linearly to annual rainfall (or water supply when irrigated)
when fertilized with nitrogen up to 400 kg NNha (Salette, 1970).
Nitrogen fertilization however does not increase the animal's daily
production since it has very little or no effect on digestibility and
vol untary i ntake.

M I k production per area unit can thus reach high I evels, thanks
to the stocking rate, but with | ow individual production per aninmal,
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as shown by nunerous authors quoted by Evans (1977) (Table 4). Such
low daily m Ik production |evels (seldom higher than 12 kg) may hanper
the duration of the |actation curve.

Many studi es have shown that trying to increase individual
production by exploiting the grass cover at an earlier stage of growth
is wasteful and uneconomc. A recent study on buffal oes has also | ead
to the sanme concl usi ons (Wanapat and Topark-Ngarm 1985). In fact,
the loss in DM production/ha is not conpensated for by the very snall
benefit, in ternms of DOMi ntake, which could be expected froma faster
turn-over.

Whereas a 4,500 kg mlIk |lactation needs, in addition to a typical
tenperate forage-based diet, an average of 150 g concentrate for each
kg of mlk produced, the sane |level of mlk production requires an
average of 300 to 350 g concentrate in the case of a typical tropical
forage-based diet. Such anmpbunts are uneconom c (except when
concentrates are subsidized) and illogical (substitution effect of
concentrate depresses the DMintake of forage). It is therefore
necessary to resort either to an inprovenent of the basic diet or to
design a strategy of supplenentation taking into account other | ocal
feed resources (see bel ow).

In areas where rainfall is higher than 750 nm per year, it is
possi bl e to oversow natural pastures with | egunes which, nost of the
time, are not present in the primary grass cover. The effect of
| egunes is two-fold: firstly fixation of substantial amounts of N and
therefore increase of the production of the associated grasses, and
secondly an increase in the feeding value of the grass cover resulting
fromthe higher N content and by-pass protein, the higher OWD and
i ntake of legunes. A lot of research work has shown the inportance of
fodder | egunes (Table 4) on the individual cow s daily production.

The strategy to be finally adopted regarding the type of pasture (pure
grasses versus grass/legune association) is however not only a
nutritional problembut also an agronom cal and nanageri al one.

But tropical green fodder, which represents the cheapest sources
of forage, cannot in general ensure high individual mlk secretion
levels. The main limting factors are intake and N content and
qual ity.

CROP_RES| DUES

The fibrous agricultural residues (FAR) represent a considerable
potential forage resource in the popul ated countries where | and nust
be devoted to human food production as a priority. A conprehensive
review of their potential in the devel oping countries and of the
strategies for expanding their utilization has been achi eved
respectively by FAO (1985) and | DRC and | CAR (1988).



Table 3. Carrying capacity and m |k production per hectare from
vari ous pasture systens (from Stobbs, 1976, quoted by
Jarrige, 1979).

Pasture system Stocking rate M | k production
(cows/ ha) (kg/ hal/ year)

- unfertilized grass 0.8 - 1.5 1,000 - 2,500
- grass-|egune 1.3 - 2.5 3,000 - 8,000
- nitrogen fertilized grass

(+P, S, K) 2.5- 5.0 4,500 - 9,500
- nitrogen fertilized grass,

irrigated (+P, S, K 6.9 - 9.9 15,000 - 22, 000

Table 4. MIk production fromtropical pastures w thout supplenentary

feed (extracted from Evans, 1977)

S)3020030030000300300000003030030000300300000000000000000000300000))))).
Past ure Stocking rate Breed MIKk vield

(cow ha) kg/ cow day kg/ hal yr

S$33)331331331331131131131313131331331331331331131)3113))3)))))))))))))))
Unfertilized pastures

P. maxi mum 1.1 Jersey 6.8 2, 667
M mniflora
P. maxi mum 1.0 Jersey/Criollo 6.9 2,667
D. decunbens 1.5 Fri esi an/ Zebu 6.9 3,760
G ass-|l equne fertilized pasture
P. maxi num 1.3-2.5 Fri esi an 12.4-13. 7 4, 954-8,
d yci ne
D. decunbens/ 1.7 Fri esi an/ Zebu 7.3 4,530
Centro
Nitrogen fertilized pure grass
D. decunbens 2.5 Jersey 6.8 6, 014
D. decunbens 6.9 Fri esi an/ Zebu 10.9 17, 408
D. decunbens 8.0 Jersey 6.5 22, 466

$3333333333333333333333333333333333333333311111333333333333333)3)))))))
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Anmongst the world's total crop residues nmaize yields the | argest
anount and wheat, rice and paddy and pul ses each yield about half the
anmount of maize. The remai nder consists of sorghum stovers, barley
straws, sugarcane tops and | eaves, roots and tubers, oil plants
stovers and foliage (Kossila, 1985). They are still underutilized as
feed resources, except in Asia where they formthe first conponent of
the rumnants' diet.

Their feeding value is Iimted by their poor voluntary intake, |ow
digestibility and low nitrogen, mneral and vitamn content. |In
addition they are very slowy fernmented in the runmen. 1In fact, they
consi st essentially of lignified structural carbohydrates, since they
represent the dead aerial part of the mature plant after harvest.

The use of FAR as cattle feed has generated consi derabl e research
work in the last 20 years but unfortunately much | ess devel opnent
application. However, they can represent the basic part of rum nants
di et provided:

- conditions for their good cellulolysis are net (runmen activity),
and

- additional nutrients required for productive functions (host
animal ), e.g. PDI A and energy escaping runen fernentation are
properly supplied (do not inpair the above condition as stated in
para. 11).

Their better digestive utilization can be achieved either through
an appropriate supplenentation (legunes, nolasses, fruit pulps,
poultry manure, urea, etc.) or chemcal pre-treatnents (urea/ammonia
treatnments) which both facilitate the m crobial breakdown of the
cell-walls. Appropriate supplenments which enable a good cellulolysis
can be chosen anong the | ocal feed sources on the ground of the
characteristics listed in Table 1: the appropriate fernentable N
supply can be of natural (poultry manure) or industrial (urea) origin;
the fernmentable energy (of the "digestible cell-wall" type) is
typically fresh grass or good quality foliage and, of course, all the
easy digestible agro-industrial pulps, e.g. citrus, pineapple, etc.
The breakdown of FAR can al so be inproved by chem cal treatnents
(Sundst 6l and Oaen, 1984) anong whi ch urea-generated NH; i s probably
t he techni que which best fits in with the socio-econom cal conditions
found in tropical devel oping countries where inputs nust be kept at
the | owest | evel possible.

Treated or not, FAR nust be conbined with feed suppl enents which
provi de adequate nutrients to the runen m croorgani sns. The forner,
however, still require to be known with a better accuracy than at
present. Recent research works (Silva and O skov, 1988; Ram hone,
1987) have shown the inportance - in addition to NH;-N - of true
protein sources on the cellulolytic mcrobial growh. This is another
reason for supplying any cheap protected protein source (e.g. |egune
trees and foliages, ricebran), which, as seen above, are necessary for



t he production requirenents of the host aninmal.

FOOD CROPS

Various perennial food crops which were formerly grown only for
human consunption are now nore and nore considered as feed sources for
the dry season and even as the basis of feeding systens. The main
ones are sugarcane, cassava, banana, etc.

Anongst the various reasons for such their increasing use, two are
probably nost inportant. The first is the trenendous dry matter
productivity/ha of these crops. The second one lies in the fact that,
as opposed to conventional fodder crops, their nutritive value is not
affected by the age of the plant which has already reached its stage
of maturity. Their exploitation is therefore very flexible and easier
than that of herbage.

1) The nost typical exanple is probably the sugarcane, exploited as a
whol e plant. Sugarcane could play the sane role in tropical aninmal
production as the forage maize - whole plant - in the tenperate
countries. First considered in experinents by Preston in the 1970's,

t he sugarcane (whole plant) is typically the addition of two opposite
types of forage conponents: structural carbohydrates of |ow and slowy
di gesti bl e energy and sol ubl e carbohydrates (sucrose) rapidly
fermentable. In addition its N content is very |ow.

Whol e sugar cane- based systens have proven to be technically and
economcally a very attractive solution for small to average dairy or
dual purpose units in sugarcane producing countries where areas for
fodder pastures are limted. As described by Preston and Leng (1978)
the deficient nutrients may essentially be provided by locally grown
(or available) feed resources:

- fermentable N (PDIN) by green fodder or crop foliages and | eaves
(e.g. those of cassava) or by urea, (industrial NPN source);

- "by-pass energy" by rice polishings and/or roots, tubers
(cassava) and fruit (bananas - banana rejects);

- unfernentable nitrogen ("PDl A"/ "by-pass N') by | egune-trees,
nanmel y Leucaena | eucocephala, diricidia, Erythrina, and when
necessary by oil cakes, e.g. cotton seed cake.

2) Cassava (Mani hot esculenta) is another fodder crop of great

interest as a feed resource (Devendra, 1977). |Its tubers are a

val uabl e energy source which can al so provide glucose at the intestine
|l evel as its starch can partially escape the runmen fernentation. |Its
| eaves, exploited either as a green fodder (several cuts before
harvesting tubers have proved to be still conpatible with a

satisfactory tuber yield) or, at the tinme of harvesting, the tubers



are val uabl e sources of both PDIN and, to a reasonabl e extent, PD A.

3) Another interesting plant is the banana, either considered as a
whol e plant (when bl own down by tropical winds and hurricanes) or as a
fruit (starch source) when considering the di scarded bananas which
remai n avail able on the prem ses of the conditioning exportation units
(Le Dividich et al., 1976). The banana as a basis of the diet is nore
adapted to beef production in view of its high starch and poor N
content. As seen above it may however remarkably conpl enment

sugarcane. The whol e plant can al so be envi saged as the basis of the
diet for mlk produci ng ani mal s.

AGRO- | NDUSTRI AL _BY- PRODUCTS

They can be classified into 4 groups:

- By- products providing essentially easily fernentabl e energy
t hrough digestible cell-walls, starch or sugars. They may
constitute the basis or the nmajor part of the diet. They derive
mai nly from sugarcane, citrus, roots and tubers, bananas,
coffee. ..

- By- products which are mainly used as a source of supplenentary
protein: oil-seed cakes, aninmal wastes from sl aught erhouses and
fisheries, by- products from pul ses, single cell proteins.

- By- products providing both energy and protein: eg: cereal mlling
by- products, brewer's and distiller's grains and whey.

- ot her by-products comng fromfruit, bakery and other food
i ndustries which provide various kinds of nutrients.

Al'l these by-products have been reviewed by various authors
(Chenost and Meyer 1977, IDRC and | CAR 1988). W will therefore
restrict to a brief account of the nore inportant ones taken as
exanpl es.

Mbl asses

This is a feed which is rapidly and entirely fernented in the
rumen. Between 10 and 30% of the diet, as is traditionally the case
there is no particular problens with nol asses for all types of
i vestock. However when the diet is based on nolasses (eg: >70% the
behavior of cattle is different and the nanagenent of the herd nust be
nore careful (Preston and WIlis 1974). A small anount of fibre is
vital for ensuring the normal physical function of the runen. Non-
protein nitrogen is essential for the devel opnent of the m cro-
organi sns of the runmen. Furthernore the animal responds dramatically
to small anount of protein like fish neal, which can escape the runen
fermentation (Preston 1985).



However it has never been possible to incorporate as high |levels
of nolasses in the diet of lactating cows as in the case of fattening
cattle. The reason is that diets high in nolasses lead to insufficient
anount of glucose and gl ucose precursors (|l ow propionate and high
butyrate) in the end products of digestion (Leng and Preston 1976).

Mol asses which is an excellent carrier for urea as a source of
non protein nitrogen for rumnants can be nore easily used as a
suppl enment and distributed to snmall farnmers when is part of solid
mul tinutrient blocks (Leng 1984, Sansoucy 1986, Sansoucy et al 1988).

Citrus and sugarbeet pul ps

Due to the high digestibility of their non lignified cell walls
they favor, as opposed to nolasses, the cellulolytic activity of the
rumen. Due to the relatively noderate rate of fernentation (as opposed
to sugars) they al so represent good carriers of NPN and ensure an
efficient mcrobial synthesis (synchronization of both ATP and NH3
rel eases). They can constitute the major part of the diet as well as
an excell ent energy suppl enent for diets based on fibrous crop
resi dues.

O 1 cakes and seeds and by-products of animal origin

They have been conprehensively reviewed in the 1988 | DRC and
| CAR s publication. They constitute the |argest source of
suppl enmentary protein. As nentioned earlier in this paper, the
assessnent of their potential use as protein supplenent will be based
on the degree of degradability of their nitrogen in the runen.

As they represent a source of foreign exchange and of high
quality protein for human and non rum nant aninmals, their use as
protein supplenent for rum nants should be consi dered agai nst the
| ocal availability of |egunes and or | egune trees.

Cereal mlling by-products

They are very well known and their use is expanding. Their major
asset is the fact that they supply at a tinme, noderately fernentable
energy, dietary protein and neoglucogenic nutrients. As an exanpl e,
rice polishings can play a remarkable role in bal anci ng sugarcane
based diets.

CONCLUSI ONS

As a main concluding remark and as clearly observed by Preston and
Leng (1987), the tropical basic feed resources have in common the fact
that they are poor in nitrogen (nanely in protected dietary PD A and
rich in carbohydrates. These carbohydrates are however either



structural and slowy fernentable or too easily fernentabl e conpared
to those of the tenperate fodder plants, rich both in cell wall type
and in less fernmentable type of energy. As a result, taken al one or
in conbination with each other, they will be fernmented in the runen at
very different rates. |In addition there is another drawback in that
fermentable N (predominant in the main tropical feedstuffs) may al so
be rel eased too quickly and not in time with the energy.

Suppl ementing tropical feeds with crop residues, feed crops and
agro-industrial by-products, will therefore have to take into
consideration not only the above described characteristics but al so
the kinetics of release of the various nutrients. Attention to the
rationi ng aspects will be of major inportance.
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