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Summary
The development of efficient feeding systems based
on tropicsl agro-industrisl products and crop wastes
cun play an important role in the improvement of animal
productinn practices, resulting in an increase in high
quility protain production for hunnn autrition, Zesearch
within the context qz developing feeding systems is
bassd on the cstablinhion; of bio-mathematicel relation-
ships detween inputs ané outputs. This procedure will
also result in rapid accumulation of knowledge on the
feed value of feedatuffs and in the reduction of time

‘ond cost in & research Progran,

" as 1llustrated by resesxrch on the utilisstion of
ousir cane by=-products (Iolaiaas and dagssse) and orop
residues (cane tops), input-imput and input-output
functions will sexrve to chooss specific levels of esch
input to odtain dio-sconomic optimization and the
synthesis of a feeding systex. Sugar cane-derived feed-
stuffs are very low in prctein, and their extensive uso
5/ DHutritionist, Uepertument of Tropicel inimal Iusbandry,

GATI¥, Turrialdbs, Costa zica,
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requires the addition of high levels of urea, which
seduces the totsl weight outrut, lLowever, net returns
on feed lot operstions car be as high as 25 psrcent,
Moreover, the inclusion of starch, 20 es to provide
25 percent of the totul NI, will ceuse & 30 percent
iazrovenent of weight gein,

Yeeding systeas beased on thes afficient use of cull
bansnas and sweot potato crop residues are also being
developed producing net returns of 54 to 63 percent on
the totsl investment, under present conditions in Costa
Eica,.

Zey ¥ords: Cattle Feelding Iystems, Tropigal By-products
Introduction |

The humid tropics posess s wide spectrum of grasses,
legunes and egro-industriasl byeproducts and wastes, ilso
there exist & nunber 02 tropicsl crops of high efficliency
in the conversion of solar ensergy to 004 energy. These
resources ocould de used in the design of sdequcete feeding
systans (Bestel, 1975). Eowever, little has been dons in
the past to understend the special dalance of factors
which eontrol animsl production in the Sropics. 4s cattls
are mostly grese fed, their producticn tends to reflect
the cyoclical varistion in doth quality and quandity of
gresses resulting 4n low aninsl protein preduction levels.
Acoording to ¥AC (49?3')', trorical countries produce only
1/% of the toteal beef dsespits. the fact that /% of the
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totel cattle populstion is contained in shis sres.
sAgricultural by-products eat play & useful role in thoe
improvement of production systeas either through their
uss o8 pasture=supplements Or as basul cosponents of
feeding arstexs. A
“he objective of this paper is to precent » research
procedure for the development of feeling systoms with
s sixultanecus assessacnt of feed velus, through the es~
tablishment of isprut-output blological relaticaships and
economie eppraisals, The procedure is 1llustrated with
reseach condusted on the utiliszation of sugar cane hWy-
procducts end residuss, although some information ot other
troriesl feeds is included in the latter part of the
papers
Lugsr Cane Ey-produsts: bBsaioc Eioclogicel Inforsation
fugay cane by-~producte comprise &ll materials arising

4during the industrial sugar samufsoturing process: molasses

(I5H B2 4=04=69€), Dagasse (IKE N 2-09+909) en? suger
aill soum (26< I¥, 10% crude protein), while the resilues
include the sugar cane tops (IRN Xn 2-'55_-558) left in the
£ield as & narmal harvesting prsctice.

Yeeling systeas Dased Oh molasses OB LUEHAT CAne
rouchaces are nscessarily different from other known
fesding aschemes, due $0 the liguid nature izposed by
zolesaes end the very low crude protein coatent inm thess
materisls. <+ first step in the aystematic Cevelopaent
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of technology for their utilisstion must then include
the establishaent of inpute-output mathematicszl relation-
ships,.

Zhe ipnutss solsgses, fiber end rrotein ipntake, It
hes deen found that the ruminant is capadle of consuming
up to .2 kg of molanses (735 IR, 790 Exix)/10G kg dody
weight/day, without detrizmentel effects to the snimsl
(Cchoa, 197:). IHolamses may constitute detween 60 snd
80 percent of the total d4ry natter 1ntako‘(9§pgg,71973;
Eliss g% 8)., 4969),nnd conaulpti;# d;;;Qnslnrsoly on the
lovel of orude protein in the diet snd the level and type
of roughage provided (Ochom, 197%; M.L. kuiz and ¥, Flores,
unpublished data; Llias gt al., 1963)., Other factora,
incluiing a positive effect of true protein oconcentration
and a downward cumsdratic effect of brix level (¥reston,
1975), have also been found %0 influence xolasses inteke,

- figure 1 =

In figure 1 it ocan be observed that as the level of
protein inoresses sbove 350 g/100 kg body weight, the
consunption ef molesses increases rapidly. Sisilerly,
molasses consuaption increases with increments in the level
of & relatively undigestidble fiber (such as dagasae) sbove
600 g iti/1GC kg dody weight (figure ). However, when the
gource of fibexr is sucoulent and provides energy snd
protein (e.g., cane tops, green gress), then its effect
on molssses intake is one of lubntitufien at levels of
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fiper above %00 g /100 kg body voigﬁt (zigure 2).
- figure 2 -

Observationsby Ochos (1973) and M.E, EKuiz and ¥,
Nlores (unpublished data) indicate, furthermore, that
regardless of the source of fiber, bloat incidence occurs
when the level of fiber/100 kg body weight is equal to or
less than 232 g DM, in the case of bagasse, aad 171 g DI,
in the case of green roughage.

Obviously, if molasses is the bagic component in a
ration, eny input posaitively affecting its consumption
will show a similar, although enhsnced, effect on the
totel 4ry matter consumption.
| There is
sbundant literature pointing to the fact that weight and
snergy intake increasse as the energy concentration in the
ration is increasec, up toc & certain point after which the

animal tends to maintein its energy intake constant therefore

reducing dry matter intake., Yor exsmple, according to
Panamsnian work by M.H, Euiloba and M.E, Fuis (unpubdlished
data), when molesses is used ss supplement to rice strav
(IRN N? 1-03-525) an exponential response in weight gein
is oliéited;'roaching a value equal to 95 percent of the
asyuptotic maximum when the level of molasses is about 1.5
kg IM/100 kg body weight/dsy. VWhen the roughage is sugsr
cane tops & nearly maximum response in weight gain is

obtained et & molasses level of 1.8 kg DM/100 kg body



weicht/day (srmendariez, 1976).

In contrast, with high levels of molssses (above
2 kg /100 kg body weight), variations in rolasses
intake caused by ohanging ths fibver or proteln con-
suxnption will not csuse significant changes in welght
gain, 7Tor instance, decpite the large changes in molasses

 intake osused by ohanges in levels of fider (as illustrated

in figure 2), no Cefinite trends were observed in deily
weight gain es & function of the level of fiber. ilso,
Armendarie (1976) hes found that weight gain Sepends on
molassen intake up %o & certain level, deyond whieh
additional incresses in molaases consumption will not
significantly alter aniamcl response., This is expressed
by the function Y = 1428 = 676" 7% (57 = ,97) where Y «
daily weight gain in kg/snimal, and X « dsily molasses
consuzption in kg I[i/anisal,

It 4a wvell known that weight gain is highly sensitive

$0 the amount Of protein oonsumed, Bowever, dus to the

uniquo characteristics of tropiocel dy-products it is
nscessory to produce locsl mathenatical relaticnships
between protein igput and aniasl production output,
Figure 2 shows 8 typiosl response curve odbtained in Conta
#loz by Mol. iuiz and ¥, Flores (unpublished dsta), where
the supplementary protein source was serdine fish moal
(12K Ho. 5=0"=075) and only an everage of 105 g of crude
protein/100 kg body weight/dsy were provided by molesses
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and green grass. The animals used in this experiment
had an initisl body weight of 200 kg snd were of various
breeds and crosses, It may be cslculated from the
regresion equation that when the totel crude protein intake
18 300 g/400 kg body weight, the expected animal gain is
77 g/daye. This closely sgzrees with dats from Panaua
(M. E. iuilodba an ¥, E, Ruiz, unpudblished dsta), which
predicts & gain of 802 g/day on rations high in molssses
sné using sardine fish neal, In the latter case, the
sverage basel crude protein consuaption was spproximately
180 g/100 kg Yoty veight/dey, dus to higher crude protein
content in the molesses and roughage ags compared to the
Costa LRican naterials.

- figure > =

Riclocicel efficiency. Having established snd quanti-
f£ied the interrelationships dLetween molasses intake, protein

_intake, level of roughage sand animal production, a subsequent

step may be the examination of how efficiently the inputs
are utilised. Lacking sophisticatel ladboragory fecilities,
a practical procedure is t0 measure the actusl sotal 4ry
matter, cslculated energy and sotal crude protein intekse
and relate these with ths output parameter, Froz the dots
of Cchea (1973), the following information is produced
(figure 4), Piret, increases in total yrotein inteke
beyond 263 g/100 kg dody weight/day result in linear de-
creases in the efficlency with which the protein is utiliszed
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for weight gains, Fresumably, at some point below the
265 g of crude protein, the efficiency will reach an
optizur value ané then decressze with furtber reductions
in protein intake. This is evident in fi{gure 3, where
a wider rapge of protein intske was investigated, as
compared to Uchoa's work.
- figure & -

With regard to the energetic efficlency (figure &),
it io spparent thst the minisum amount of metadolizable
energy required per kg of gain is 20.4 Masl, This vslue is
nsiatainnd until the level of protein exoeeds er spproximate
value of 400 g/100 kg body weight. ZFrom thiszs point,
converasion of energy to weight gain rapidly deteriorates.
Total feed conversion to weight gain follows the ssme
trend as depicted by the function Yz in figure 4, aince
thore werae snall variations in energy concentration in
ell treatments used by Ochoa (1973).

Clesrly, equstions X, (figure 4) and £ (figure 3) indi-
ocste thet protein intake should bde restricted to adbout
280 g/100 kg body weight for growing-fattening young bulls,
This would imply thst sone of the growth rate potential
of these animals must be sacrified if maxiwunm biologiecal
efficiency in the utilisation of protein snd energy is to
be obtained, However, from the economic point of view,
the point at which optimun net return is obtained zay not
coincide with the optimum diological efficiency or with



the maxizum biological output,

Xconoric congiderations, Especially in tropical regions,
proteinaceous feeds are acarse ani expensive, In previous
sections it was noted that high-quelity, but very expensive,
fish mesl was used to produce protein response curves. Other
sources of protein such as meat and bone mesl (IRN Ko, 5~00-
3187) and cottonseed meal (IRH No. 5-01-623%) have also been
used in sone of the experiments reviewed, Zhe objective
wvas t0 odtain maximum growth rates at each protein level,
Froa the practical stendpoint, true protein supplements
should not be use! to a large extent since the ruxinant
is adble to utilize inexpensive urea or other non-protein
nitrogenous sources to pirtially satisfy its protein
requiresents. The feeld lot performance of young bulls
with increasing levels of ureea (as a substitute for meat
and bone meal) has been reported by Villeges and Luie

" (1976) using retions high in molasses and bolding the total

crude protein intske constant at 360 g/100 xg body weight/
day. The result is shown in figure 5, which c¢learly indi-
cates & linear decrease in weight gain as the proportion
of ures inoreases, However, molasses inSake remsined
constnnt; despite 8 reduction in the energy intake re-
sultipng Zrom decreases in the level of meat and done ngalf
The overall affect on energetic efficiancy wes s constanc&
in the amount of M- (21,3 Mcel) required per kg of weight
gain, Since crude protein wvas constant, the protein
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efficiency decreased linearly as the urea substitution
level incressed, The most izportent result was a linesr
increase in the profitsdility of the fattenring operstion
ag the level of urea increased, At the time the experizent
was conducted (1973), the use of ures at thes 60 percent
substitution level implied 8 3-fol¢ increese in net income

_oompared to the O percent ures level,

- figure 5 ~

These results have been confirmed by work by Clave (197&),
who ugsed sudstitution levels up to 72 pereent.,

Zecent results (Herrers and Fuis, 1976) heve shown
that further improvements in bioclogical and economic ef-
ficiencies asy be obtained by introducing into the high-
urea, high-nclasses feeding systex & starch-rich ingredient .,
to provide 25 percent of the total metaboliszadble energy
(figure 6). In this study, total crude protein and eneargy
intake were maintained constant st 350 g ané 6 Mosl KE/100
kg body weight/dey, respectively. Urea was used to substi-
tute 60 percent of the supplementary protein, Green
bsnapas (IEN No., 4-11-~004) were used as the source of
starch, Briefly, the reasons for the benafiocial effect
of starch on weight gain may be a more efficient utilisation
of urea for microdisl protein synthesis, & protein-sparing
offoct of starch as a socurce of glucose for the ruminsnt
itself snd a zmore efficient use of energy derived from
starch, The discuseion of these aspects is, however,
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beyonéd the scope of this peper.

The response to atarch, as illustrated in figure 6,
nscessarily has s positive influence on the econonmy of
& feeding system, as long @&s the cost of the starch-l
does not exceed 130 percent of the cost of sugar-lil,

- figure 6 -

Synthesis of o feedins eystem. The final consideration

in developing a feeding systen from the technological
point of view, is the economic analysis., This analysis
will provide the value of the variable(a) at which the
optimun net ro'tnrn is obteined. Upper and lower linits
rsy be assigned from the economic analysis curves,
Having detected the value of the input(s) thet will
result in the highest economic benefit, then this velue
is used in every mathematical function that will provide
additional information, not only on the amounts of other
nutrients needed and the efficiency with which they are
-utilir.ed, but also on the expected growth rste., A simpli-
fied example is illustrated in figure 7, resulting from
the work of Armendariz (1976) where the objective was to

replece the amount of molasses DY acesper GnNergy sources

sugar cane tops. The definitions and mathematicel relation~

ships implied in figure 7 sre shown in teble 1,
- table 1 - |

Prom the net income fumction Y, = L Y, = K, = (KT, ¢ K325

¢ LY, ¢ X‘.5¥5), the first derivative shows that the optimun
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level of molasses is given by the equation
X = E,(a75) = K.(3.62) + K,(5.82)

2[R (e26) E5(2048) 1
Under present Costa kican econoxic indices the optizum
i=value i 1,016 kg IM/100 kg live weipght/éday. Substi-
tuting thie value in the Y= functions (table 1) ths final

result is obtained &8s shown in table 2,

- table 2 -
Eesecroh Outlook on the Utilisation of
Other Crop Xesidues and Wastes - - - -

 Procedures sizilar to those previously described
are deing followed in Gther research conducted at CATIE
concerning the use of commsrcial cull bananss (IRN X2
4=11=004), aerial part of sweet potatoes (IKN N2 2-11=554),
non commercial swest potato roots (IEN ER 4-11-555),chicken
litter as & nitrogen source (IRN N2 5-13-518), coffee pulp
(IEX B2 2-1"=471), caceo pod shells (IEN K2 1«01-053)
and other potential feeds including exrops grown for the
direct feeding of cattle,

Yeeding green bananas to cattle has to de carried out
under eoatrolled conditions since cattle demonsntrate a
strong appetite for thie material, Eanans intakes up to
8,6 X DM/1CO kg body weight/dsy have been reported (Isidor
ané Luig, 1976). i summary of results obteined by theae
investigators is precenteld in figure 8,

- fizure & -
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1t may be noted thet function X, in figure 8 con~
tains in parenthesis the biologicel relationship between
weight guain in kg/animsl/day, and protein intakxe in
kg/100 kg body weight, oince cull green dbananss are
thrown away, at the preseat time the only cost involved
in their use is dus to their transportation and distri-
bution, Therefore, the principal variadble cost in this
experinment wss caused by the protein supplement, It may
8180 be noted that the maxizum net income represents e
et return of 6 percent on the total investzment,

The sweet potato is another videly cultivatod crop
in Tropical imerica., Ons ha of sweet posatoes can normally
yield 13 NT of folioge and 15 NT of roote/crop. Two crops
per Year can de obtained, The foliage is noruslly lef¢
in the fielé while about 12 percent of the root harvested
cannot de marketed due to small sixe, unripenessz Or danages
4in she root., Backer (1976) hes found that when young

cattle (184 kg initisl weight snd ons-year of sge) are fed

aerial sweet potato parts, the consumption of foliage
was .45 kg DM/100 kg Dody weight which provided 300 g
crude protein and 5,05 Mi Moal/100 kg dody weight/day,
the weight gain was 656 g/animal/day. 4s the foliage was
supplemented with the roots plus urea (to msintainequsl
protein intake) the weight gain increased to & maximum
of 825 g/aninel/dey, Ths implicstions are that if a

suell Zfarmer obtsins ons crop of aweet potatoes in one
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ha, he can utilize 13 HT of foliage (16.8% Ll1) end 1,8
BT of non-zarketadble roots (30,1% D). To this dssal
ration he can #éd one percent urea (on dry basis) and
vitazins snd minersls, to provide enough feedstuff for
5.5 snimels, during 100 days, which could gein 710 g/
head/day. The economics of this deasign would be a net

-retura of 48 percent considering sll fixed and variable

costs, including the purchazsing of the animsla,
Concluding remarks
In the light of the information presented, it
eprears that hiehly.productivo cattle feeding aystens
can be developed in the humid tropics dased on loocal
resources, through resesrch leading to ths formulation

of diologically and economically efficieant feeding systens.

Although other factors must be taken into account before
recomuending s systez, the highest priority must de
given to the socio~economic impact on the rural people
of Tropiocal America, The development of feeding systeas,
from the technologicel point of view, is only one faotor,
Proper oredit, education, marketing and consideration of
the total farm-production system will finally diotate
how much the producer can benefit from this type of
information,
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TABLL 1 Functions and definitions reforring to figure 7

Lependent vearisbles

Ipdevencent verjsble

X = Folesses intake, kg [/
100 kg body weight/dey

I, = weight gain, kg/head/dey
I, » Molasses intake, kg IN/head/cay I, -
23 = Cane tops intake, kg il’/head/dsy IB )
!4 = leat and bone meal intake,

zg D¥/head/day

!E = Ures intake, kg/head/day
E, = Fixed coats $/hesd/day

X4

g

)

£

A

#‘”

1, -

058 e 0753: - 263:-
"00% * 5.63
7495 = 5.82X - 2.481°

$/kg/lay

i/kg M

Y, = «687

g = o215

By = <06
Price of beef on the hoof,

L, = 67
Cost of molasses, i/kg LM Ly = L0084
Coast of cane tops, /kg IM “3 . ,025
Cost of meat and bone mesl,

Ep = 022

K5 » o220

Cost of uree, %/xg
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TABLE 2 Optigum feeding system for fattening stcereﬁl

using sugasr cane tops molasses and high levels

of urea
Ingredients Amount (100% DN),kg/animsl/éay
rYiolasses 2.280
Cane tops 4,830
leat and bone mesl «6A7
Urea 215
Comzmon aalt «029
Vitamins and minerals ~ "Agcoxding to MKC

recomnendations

Expected welght gain: 1,041 kg/snimal/day

Expected feed conversion: 8.65 kg IM/kp weight gsin

Expected net return: 25,5% (based on econmomic indices
presented in tabdle 1)

8/ Initisl weight: 300 kg. Final weight: 420 kg,
Approximate age: 2 years.





