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The substitution of cacao fruit husk for cut grass 
in the feeding of beef cattle

simulation with an econometric model 

Hilmar I. S. Ferreira I and Laércio Pinho Lima I 

Abstract 

$cveral projeclS have been completcd for the productive use of the unused cacao husk, rcsiduo 
of the cacao production system . Among many considerat ions of use there is the u til ization of the 
husk ao; a bulking component for monogastric and ruminant feeding. CEPEC - the Cacao Resca rch 
Ccnter in Bahia, Brazi l has done rescarch on this and published the rrisulls. Bcsides zootechnical 
material CEPEC has released economic stu dics and cvaluation on the use of fre,h choppcd cacao 
husk for caule feeding. Utilizing prcviously obtained econome tric models. this papcr reviews the 
substitution of caeao husk for grass in order to quantify lhe productive re lat ionship of the two 
inpuIS. 
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Substituição de capins por casca de fruto do cacaueiro 
na alimentação de gado de corte -

simulação com um modelo econométrico 

Resumo 

Inúmeros trabalhos foram elaborados sobre o emprego produtivo da casca do (ru to , resíduo 
decorrente do sistema de produção de cacau. Entre as muitas sugestões de u so deste res to de cul
tura. des tacaoSe a que indica sua ut ilização como ingrediente (volu moso) da alimentação de mono· 
gástricos e ruminantes. O Centro de Pesq uisas do Cacau (CEPEC) desenvolveu invesllgações nes te 
sen tido. já tendo inclu ' ive li berado informaçõcs sobre o tema. Além de considerações zootécni
caso o CEPEC divulgou estudos e avaliações econõmicas so bre a alimentação de bovinos com cas
ca de caCau in natura, picada. O pre senle estudo particulariza o problema da substit uição de ca
pins por casca de caca u, pondo a funcionar modelos cconométricosj:í anteriormente obtidos. vi
sando a quant ificação de re lação en tre os dois insumo. 

Palavras-chave: Theobroma cacao. fruto. casca. capim, gado de corte. substituição. modelo econo
métrico . simulação 
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Introduction 

Among underdeveloped nations, where 
the problems of the lack of and the inju
rious distribution of wealth have been 
idcntified, thcrc is a dramatic waste of 
resources. Some of those countries pro
duce cacao , one of the most important 
commodities tradcd in the intemational 
markel. In this segmcnt of agricultural 
prodúction , only lhe least par! of thc 
fruit is used as a commodity - the beans. 
The pod of lhe fruit is usually unused . 
However, several programs havc been 
conducted by agricultural researchers on 
the cconomic employment of that and 
other cacau waste as well as by-products. 
Among them one Crul cite e.g. , De Alba 
et ai (1954), Fresnillo (1962), Bateman 
and Larragan (1966), Uamosas (1976) 
and Opeke (1984). Further, CEPEC lhe 
Cacao Research Center of CEPLAC has 
demonstraded that it is feasible to 
use cacao fruit husk to feed both 
beef and dairy catue , Ferreira et ai 
(1985) have studied econometrically 

U1C production of beef catt le as a fune
tion of the following nutrilllcnts : grass
lan d grass. cut grass and frcsh çhopped 
cacao hllsk as blllky ingrcdients. 

Based on the latter paper it is possiblc 
lO quantif) the rclationshir bc twcen 
Ilu triclll inl'uts in the becf c,Htle brccd
ing pruccss uIldcr local cond itions . Thus 
the Illlxcd fafllls oI' Sou th Ih hia which 
have both cacao ano beef cattle ca ll be 
infonned of ho'" and how much to 
substitute .:a<:ao fruit husk for grass 
without loss in yield, within certain 
conditions, with two advantages: to 
embody previously wasted material into 
the production process and to avoid or 
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to decrease the use of cut grass. 
Indeed this is the main objective of 

th.is work : to show a device which can 
quantify the relatiollship among the bulk 
nutriments (assuming as constant the 
concentrated fced , as in lhe experiment 
that yielded elements for this study). 

Material and Methods 

The trial was conducted at CEPEC, 
Ilhéus , Bahia. Brazil, from Novem ber, 
1980 to February . 1981. Thirty-five 
half-blooded two-year old steers 250 kg 
live weight (average) were used in seven 
treatments , each one being characterized 
by different bulk (grassland grass, cu! 
grass and cacau fruit husk) and concen
trate (com and urea) feed combinations 
and by management(Ferreiraat ai., 1985). 

The cconomic evaluatioll W3 S pcr
formcd by fitting Cobb·l)"lI ~I, ,, t~ pe 
productioll fUllc tioll to \I11 1~ t\\"o t rc~
tmen ts. those which ti .. not have zero 
values for any illd"lk' nd~ nt variable 
according to the requll"'ll1c nt of that 
kind of fu nction. 

Henderson and Quant (1971) say 
that "the entrepreneur's production 
function gives mathcmatical exprcssion 
to the relationship between the quanti
ties of inputs he employs and the quanti
ties of outputs he produces". "Consider 
a simple production process in which an 
entrepreneur utilizes two variable inputs 
(XI and X2 ) and one or more fixed 
inputs in order to produce a single out

put (Q). His production function states 
the quantity of his output (q) as a 
function of the quan tities of his variable 
inputs (x I and X2) : 
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where (I) is assumed to be a single· 

value continuous function wilh contin· 

uous first and second-order partial 
derivatives. n .•••• ••• " an isoquant is the 
locus of ali combinations of x I and x2 
which yield a specified output leveI. For 
a given output levei, (1) becomes 

(2) 

where qO is a paramerer. The locus of ali 

combinations of x I and X2 which satisfy 

(2) forms 3n isoquant " ....... "The s10pe 

or lhe tangenl (geometric) to a point on 

ao isoquant is the rate at which X I muSI 

be substituted for X2 (or X2 for XI) in 

order to maintain the corrcsponding 

output leveI. The negative of lhe s10pe 

is defined as lhe rale or tcchnical substi · 

tution (RTS)( which in this work wiU be 

called "marginal rale of lechnical subsli· 

lulion) : 

MRTS = 
dx 2 

dx l 

(3)" . 

Ferguson (19:72) shows similar def· 
inition of what he calls marginal rale 
of lechnical subslitution. 

Marginal rale oftechnical Subslilution 

of lhe inpul Xj fo r Xi (MaRTSX- Xi) is 
lhe quall tity or XI (SUbslituted 11pUI) 

which wiU be exaclly compensated by 

an additional quanlily of Xj (SUbSI itute 

inpul) in o rder to prevent a production 

levei variation. 

111at is an intuit iona l definilion. be· 

sides the more opcrational previous one. 

evertheless, like the olhe r, it can give 

place lo an analytical expression, ob· 

tainable from conlinuous production 

function: 

(4) 

It's easily demonslrable thal 

= (MaPPX'> . (MappX'> (5) 
J I 

where MaPPX means "marginal physical 

produclion of X faclOr or input ". 

Starting from (5), one can dcmon· 

strale that for lhe Cobb ·Douglas produc· 

lion funclion the marginal rate of lech· 

nical substitution is a linear func tion of 

lhe inputs ratio (Xi/Xj) , with the slope 

. bjlbi and zero linear coefficient: 

or 

MaRTSXX ~ (bjXi) (biX/1 
J I 

MaRTSXX = bJ'/ bi . (Xi/Xj) (6) 
J 1 

in the case of a two input production 

funclion. 

So, for this special production func· 

tion lhe marginal rate of technical SUbSli· 

tution is a linear function of lhe ratio 

"substituted input /substitutc inpul " or, 

in other words, that rate of substitution 

changes with the production process 

(quan tity of used inputs) and not with 

the levei of produclion, within a given 

prod uctioll ·)fOCcss. 111at is a Cobb· 

R"'ista Tlteobroma / 6( ::1. /Y8h. 



100 Ferreira and Lima 

DOllglas llIodcl featllre: if a prodllction 
proccss (or inpllt ratio) is given, the 
MaRTSx .x- rcmains the same for any 
prodllcti6n leveI. The MaRTSX ' X- should 

J I 
be calclllatcd for prodllction process or 
inpllt ratio, withElllt reference to pro
duced quantity. 

In order to understand the form of 
lhe relationship among the thrce varia
bl~ (6) one can take lhe folJowjng form: 

_ I 

MaRTSX'x . : a.XiXj J I 
(7) 

whose form may be perccived by o rt ho
gona! cuttings in thc sur facc of produc
tion or, in o ther words, fixing the quan
tity of one input in a certain levct anti 
studying the ralal iOllship bCIWCCII lhe 
MaRTS 3nd the olher inpul. 

111 th is case. fixin g lhe substitulc 
illpUI (Xi)' onc can sllldy lhe associalion 
between lhe MaRTS and lhe substituted 

MaRTS'S~ = ~Xi (8) 

which is linear, with a positive association 
belween the IwO variables, i. e. , lhe 
MaRTS increases with lhe levei of use 

of Xi ' 
In respect to the association bet ween 

the MaRTS and the substit ute input 
(Xj), by lixing the substiluted input 
(Xi), one obtains: 

(9) 

meaning lha! lhe relalion is a negative 
association: the MaRTS dccreases when 
the substitute input (Xj) increases. 
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Bcsides, (9) takes a especial sha.pe, with 
MaRTS taki ng big values to the small 
vaJucs of Xj' MaRTS trendingto infinity 
when Xj lrends to ' zero and MaRTS 
taking small values to the big values of 
Xj, Ma RTS trending to ze ro when Xj 
trends to infinity. In olhe r words , 
in this case, the funct ion becomes 
asympto tic to both the orthogonal axcs. 
lt is a "rectangular hypc rbola funclion" . 

In the prcsent work, lhe marginal 
rate of technical SUbSlilulion may be 
empirically ulilizcd tO slatc how I1lUcll 
of onc inpul must be uscd in place uI' 
aJ1<llher in order 10 nol ch;lJJge lhe Icvel 
of mea t produClion . Of course . thal is an 
illlportanl ilCIll," lhe ca~ao fruil pod 
is a waslcd rcsourcL'. 

Thc selcclcd IIll' lhoJolog\ pr~s llllll'S 

a production function wilh SlI bS lllul abk 
production factors, as dclin cLl by 
Simonsen (! 979), i. e. wilh differen
ciable isoquams in ali their points or 
permiting infinite production processes. 

'nle production function litted to 
the experimental data and from wluch 

the MaRTSX-X' was obtained was : 
J I 

0.73 
y. = 32.37 X 

I I i 

0.12 
X 

2i 

t Sludent te sI 

0 . 13 

X u· 
3 i 1 

(I O) 

(6.66) ':< '« 5.05) * ~. (4.64) ~,.:<. 

confidence interval 

± 0.40 ± 0.09 ± 0.1 O 



. ~.. . 
Fading of beef caule ",UIl cacao fruit hllsk 

where 

F : 14.95" 

R2 
: 0. 88 

-2 
R = 0.82 

Yi = Final weight of the "i-th" animal , 
in kg 
Xl i = Daily average grasslalld grass 
consumption by the "i·th" an imal 
X2 i = Daily ave rage cu t grass consump
tion by the "i·lh " an imal. in kg 

X3 i = Daily a~'e rage cacao fruil pod con· 
sumption by the "Hh " animal,in kg 
ui = Disturbancc o r erro r tenn 
""o = I ~·i probabili ty significance leveI. 

Results and Discussion 
According 10 the mcthod prcviously 

stated, ali lhe six possiblc marginal ra les 
of technical subst itutioll func tions fo r 
lhis case (see T"ble I) \Vere sct up. 

As one can see. lhe quantity of 
SUbSti lutcd inpul. which may bc replaced 
by the substitute inpu t without change in 
the production leveI, does not depend on 

the qualltity produced . 11 is a fUrl ct ion 
only of the amoun t of the rclated inpuls. 

It is wonh noticing that comparing 
the two functions whose input chani!e 
lhe roles (substitu tc/subSlituICd), lheir 
angular cocfficienls are, as ~x pec lcd, th~ 

inverse of each other. Thus, for lhe 
I! l pUIS cacau fruil p a us (X JI> anJ CUI 

gr~ss (X 1 i) such va lues are 0.92 ~nd 
1.0 .:. As a malter of fact, in ali lhe thrcc 
syml1lctric pai rs oI' funclions in relalion 
to lhe principal J iagonal. this propcrI ) 
is vcrifbblc. 
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A knowledge ofthis matrix is valuable 
to a farm policy·maker. It is possible 
from its MaRTS functions to determine 
a plane of substitution among each pair 
of ingredientes in theJeeding process of 
beef caule of the farm in order to main· 
tain the average levei of production per 
animal . 

Each one of the six econometric 
models in Table I may be used to deter· 
mine what quantity of the substituted 
input must be replaced by one unit of 
the substitute factor . This vaJue , which is, 
by definition , the MaRTS, depends , ac· 
cording to the form of the MaRTS func· 
tion , on the levei of use of each factor, 
i. e., on the production processo 

In this paper only one of the six 
models was used in the simulation . TIle 

others may be used similar1y. TIle elected 
mo dei was juS! tha! one which links 

cacao fruit podo as the substitutc input, 
and cut grass as the substituted one. 
Certainly, that is the situation with 

greatesl empirica! applicability in Bahian 
Cacao Growing Region. 

For lhe simuJation process, six 
different leveis of daily average indivi· 

dual consumption of cacao shell as well 

as of cut grass \Vere selected. TIle leveis 
\Vere chosen randomly among the 
recorded values of the trial. 

Of course , each I1wllber in lhal 
table means howmany kg/animal/dayof 

cut grass must be substituted by one addi· 
tional kg/animal/day of cacao fruil shell, 
without demage to meat production, in 
lhe particular levei of input ulilized 
indica lcd by lhe row and lhe column. 

TIle scores of the MaRTS, in this 
case, corroborale lhe previous statemenl 
about their behaviour. 

Figure 1 shows lhe graphic expression 

of the MaRTS runclion used in simu· 

lation, i. e. MaRTSX·l . X2 . = l.08 
, 1 I 

X2i X3i. Confirming the expecled , the 
relationship among the lhree variables is 

Tab1e 2 - MaRTSX X interchangeab1e quantities of input without demage to 
3i 2i 

meat product io n: substitution óf cacao fruit husk for cut gras (kg/anima 1/ day) -

I'.aRTS -1 X3i X2i = 1.08 X2i X3i . 

Quantityof 
substitute input: 

cacao fruit husk (X3i) 
(kg/anima1/day) 

3.3 

4.2 

5.9 

9.0 

18.3 

Revista TheoMoma J 6(2). J 986. 

3.1 

1.01 

0.80 

0 . 57 

0.37 

0 .1 8 

Quanti t y of 
substituted input : 

cutgrass (XJ,;l 
(kg/anima11 ay) 

4.6 6.0 8.5 17.5 

1. 51 1. 96 2.78 5.73 

1. 18 1. 54 2.18 4 .50 

0.84 1.09 1. 56 3.20 

0.55 0 .72 1.02 2.10 

0 . 27 0.35 0.50 1.03 
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defined by a surfacc as previously 
described in "Material and Methods". 

Cutting the surfacc at fixed leveis of 
each one of the inputs, one can see the 
shapes of relationships between the 
MaRTS and each input. As seen in 

Figure 2 they obey the discription 
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given in "Material and Methods". 
Those results were obtained by 

modeling and simulation techniques , 
which permit readily an examination 
of what ha ppens in model world . It 
would be productive to compare them 
with actual results. 
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Figure 2 - The shape of rel.tionship, between the MaRTS and each one of the inpul<. 
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