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CASSAVA IN SWINE FEEDINC 

Swlne requlre large quantities of energy and moderate quantities of 

protelo for growth and development In the leading pork producing areas, 

large supp11es of gralns available at a reasonable prlce provide this 

energy sourCe In other countries, produetion of cereal gratns 1& insuf-

ficient for human snd animal needs Many of these countries, however, 

have the potential or are already productng large quantlties of other feed 

sOurees that, if properly fed snd supplemented, could support a large and 

efficient swine industry One feed source with a great unrealized poten-

tial ln many tropical areas in Kanihot escu1ents Crantz. common1y known 

as csssava, yuca, manioc, tapioca or mandioca 

Cassav8 i8 grown in the low1and tropic5 throughout the wor1d, 

genera1ly bet~een latitudes 30c N and S Bnd Almost always below 1800 meters 

altitude within these regions (Rogers, 1963) These areas generally 

delineate regions oi productlon because of the frost sensitive nsture of 

the plant Cassava has a wlde rsnge of sdaptability, resistance to 

drouth. tolerance of poor 90ils and relatlve ease of cultivation As 

there are varieties adapted to nearly every so11 type snd degree of an-

nual ratnfal1, the plant offera an almost unlimited production potential 

Large quantities of csssava are now belng produced utili7ing a wide 

range of genera11y unimproved genetic materials and under very poor 

agronomic conditions 

!he annual world production of csssava, as reported by FAO (1970), 

was 90,958.000 metric tons These figures may not, however, reflect an 

accurate production because cassava, except ~round a few cities, is not 

Most of the crop i5 produeed on smal1 farms 

in small acreages and many times as a "bac'-yard" staple for home consump-

tion Of the total world production, approximately 39 percent i8 produced 
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in the Latin American countries, with 33 percent or 30,074,000 metric tons 

of the world'a total being produced annually in Bra.il 

Although cassava 18 nlnth in terma of world production of all cropa 

and fifth in world produetion oC tropical eropa, its importance snd poten-

tial 8S a feed crop in the tropical regions throughout the world i8 not 

widely reeognized by researchers and livestock produeers Cassava, other 

root crops, snd the p13ntsins are a major souree of carbohydrates for the 

human population of both Latin Ameriea and Africa The usefulness and 

potential of cassava for supporting 8n anlmal lndustry ln these same reg~ons 

has oot been given the attention deserved by elther researchers or producer5 

of livestock 

Yields 

Present farro yields of cassava as reported in agricultural státistics 

are generally Iow, ranging from 3 to 30 tons per hectare Sorne vat"letles 

requ~re 16 to 20 months to mature, yet varieties exist that will yleld up 

to 78 tons of fresh cassava in experimental plots in 10 months (Varon, 1968) 

Given the wide range and d~ver.ity of genetic materials available in the 

world and the ease with which cassava can be sexually ero.sed, the develop-

ment of new varieties and strains should offer important opportunftles 

for inereased production Once thesc ~mproved, disease reslstant stralns 

and VartetIes have been gcnetically forroed, thelr cont~nual propagation 

and genetle purlty can be easily maintalned because the plsnt 15 normally 

reproduced vegetatively from stem cuttlng5 

Yields already realized experimentally (lCA-1969) Indicate that the 

total caloric output per hectare per year of well rnanaged. improved cas-

33\S 15 up to 3 tlmes trat of such crops as rice snd corn 

One kilo of fresh C3ssav~ contatnlng 35 percent dry matter h3S a 

gross energy value of approximately 1225 kllocalorles A yearly produc-
• 
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tion oi 75 metric tons of caSSáVá per hectare will yleld 91 8 millton 

kilocalorles Future ylelds will p09sibly far !urpsss those of presently 

produced and these 1ncreases wl11 be accomplished through aeIcction nn,1 

genetic improvement and by improved sgronomic prsctices 

Chemlcal Analysls 

!he fresh cassava root contains on the average 65 percent moisture 

and 3S percent dry mstter (tabIe 1) !he pulp or interna1 portion of the 

root contains slightly more dry matter than the peeling (37 8 vs 27 81) 

and representa approximately 86 8 percent of the total roat w1th the rema in

lng 13 2 percent made up by the peeling (table 2) !he percentage composi

tion oi pulp and pee1 doea not vary signiflcantly with tncreasing maturity 

oi the root 

!he cassava root contributes bastcally carbohydratps (pnerpy) to thc 

diet of humana snd animaIs An average of 30 84 percent of the fresh root 

ls nitrogen-free extract, composed mainly of starch snd sugar (Table 1) 

The nitrogen-free extract fraction of cassava consLsts of approximately 

80 percent starch and 20 percent sugar and amtdes (Vogt, 1966) Sucrose 

l. present in varlable amounts and some varieties may contain, up to 5 

pereent (Brautlecht, 1953) The fundamental unit of the starch mo1ecule 

is d-glucose, as thls ls the on1y monoaecharide obtained on total hydro1-

ys18 !he two chief constltuents of starch are amylose, whlch 15 non-

branching in atructure, and amylopectin, which consista of highly branched 

chatns Accordlng to Kerr (1950) and Johnson and Raymond (1965), cassava 

starch 15 about 20 percent amylose and 70 percent amylopectin 

Cassava conta1n. on1y .malI quantities of flher (1 45%) and i8 almost 

devoid oE ether extraet (O 29%) The ash conteat comprlses on1y about 

1 5 percent of the total root (rabIe 1) The levels of ealcium (O 12%), 

phosphorous (O 16%). sodlum (O 06%) and magaeslum (O 37%) are generally 
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low (table 3) As in the sltuation with most root erops, the potass1om 

level 15 relatively high (O 86t) 

The majorlty oí the varletles now being produced contatn very small 

quantities of nitrogen !he erude protein (N 2 X 6 25) eontent oí tne 

majority of tne varieties tested do not exeeed 3 O percent when expressed 

on an Bir dried basls (approx 10t moisture) However, other variet es 

have been repocted to contain nigher levels of crude protein 

reported an Afriean variety that eontained 9 pereent crude proteln and 

Jaramlllo and Herrera (1970) have reported a world colleetion (Man~ 

Carthagenensis that contained 15 4 percent erude protetn when expre~<;ed 

on a nOlsture free basis Maner (lq69) has reported varlctlPS that e0ntaln 

up to 2 33 pereent crude protein in the freso root or 7 25 perecnt wh~n 

expre~sed on a m01sture free basls 

Further stlldies by Maner and Daniels (1970) dear', lOd,cate irar alj 

of the nItrogen present in the cassava root is nor tn the 'orm 0' true 

proteln Data presented in Table 5 demonstrates the high nitrogcn content 

of samples of the variety "Llanera" ",hieh "'ere harve<ted at approXlm1te ly 

hiweekly intervals for a perlod of about flve months The total nltrogen 

in the "hole roor varied from O 74 pereenr to 1 02 p~l eent dunog "1 i s 

pe~iod 0f time (4 63% to 6 35% crude proteln) From th~ sa~~ able tr 

cao be se en that the level of total nitrogen 1s highe~ In the peal than 

10 the remaining portion of the root but the internal portton cont'lns 

4 to 5 5 percent crude proteln Tricloroacetle acid (TCA) treatmen' of 

sanples of root clearly indicate that 50 to 60 perc~nt of the total nitrogen 

present 19 non-proteln-nltrogen and docs not precipit'tc The pere "lt age 

of non~protetn-njtrogen 19 higher ln the peel than ln tr~ pu1p (T~ble ,) 

SImilar results (Maner and Daniels, 1971) have been obtaine~ on t~~ee 
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otber samples that are known to produce higher levels of hydrocyanic Reid 

(HCN) (Tab le 6) These results do not agree wcth those reported by 

Oyenuga (1955) ~ho reported that 62 percent of the nitrogen of the crude 

root was true proteln and that 87 percent of the nitragen of the pee! was 

true protein 

Detailed chemical analysis (Calderon, 1971, unpublished data) of the 

nltrogen fraction of 15 cassava varieties sho~ that the total content of 

nitrates, nitrites and HCN represents only about 1 O percent of the total 

nitrogen It appears from these .tudies that aspartic snd glutsmic scid 

may be present in the root as free amino selda and represent s portian 

of the non-protein-nitrogen that 15 not precipltated with TCA 

The smino acid content of two samples of csssava root of the Llanera 

variety are preqpn"'ed in Table 7. exprec;sed as e percent.'l,P" of thf' crlld{l 

protein and of the true protein The levels of several e~sential amino 

Belds sueh as 1ys1ne and tryptophan are very promising and compare favor-

ab1e with those observed in opaque-2 corn However, the leve1 of the 

su1fur-eontainlng amino Beida methionine and cystine are extremely 

deficient and limiting 

According to Close et al (1953), thp protein of cassava meal canta in. 

the fol10wing amlno acéds 447. asparllc .cid, 2 1% threonlne, 1 9% serlne, 

12 77 glutamic acid, 1 6í proline, 2 47 glycine, 4 67. a11nlne, 2 67 vallne, 

067 cystlne, 10% methionlne, 2 07. '"01 el1ClUe, 2 97 leudne, l 67, tyroslne, 

2 3% pheny1alanine, 3 57 lys1ne, O '% tryptophan, 1047 ornlthine, 1 27 

histid1ne and 3 7% arr1nlne Sruramamurthy (1945) also reported that the 

essential amino acíds prcspnt in the total proteln (1 1)7. In the sample) 

are arginine 7 747, hi.tidine 1 50%. ,.oleucine, 5 33/, ¡.UClne 5 567, 

1yslne 6 23%, methionlne 0607, phenylalanlne 3457., thrconine 383%, 

trypto phan O 537. and va llne 4 51% 
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hydroc)unlC aC10 3S such 15 not found 10 health} fro4.ng planta, but devel 

.heo nor~al gro tn hdS becn retardad or stoppad by drought or other a¿,ers 

cllr3tlc cor¿ltions or L) the b~U1S1P3 or ChOpplOg oE tr~ roots a~d 

lea\es el 1.5 uSJall) fOr'1ed by cre"'11c<;<1 recct1.0'1 bct\.,een tvo substances 

a til cosid~ and en en7~e contal~ed ~n the plant l~elther the glucoslde 

rij;p~lt- 1\ nor t'1e ~r7 -\. 15 P01SO-lOU~ by kt"Ll[ (Co1...ch, 1 ~3:) 
ldent:tfl'::.!d ln c:3.S;;3Va az-e l:n-3....,arln ard lota.lst't""alin 

T;¡.:! tQO r-¡...lUCOSICLS 

The glUCCSl1i"\s 

conslst cf a crenical co,..¡bi.ndtlon of sugar and r.;droc\<---anlc ec1.o 't lf'1 
! 

posad of hydroc'vamc >.c.d, :;:l1...cose and " .. tone snd 0.,1j ,hen llberared 

chemically 15 t~e ,¡drOC,CnlC aCld pOlsonous 

The degree of tO,'C.tj of cassava roots hlS becn ~ldely dlscussed 

and dLfferences of C?ln~On eA1S~ A conplete re~lew of the role of 

hyJrOC)8nlC aCla in nutrltlon nas bee~ nade b, O~e (1969) 

host 

of the synptoms of HCN poisonln.1 f -.~ _"~ '::'<7)11!.-n<?J on the bas .... s of 1':.:5 

afflnity for m~tal 10ns such as co~p~- 1n2 l~Ol 

hemoglobLn to fom cyanohernot;lobln \ hlCh is not an o<}br">n carr:tcr r:L i 

oXldase which the!"e'?y in}.¡lblts lt!> functlO'1S lS .)1 O"lC t 

" 
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(Petera and Van Syke, 1931) !hese chemical abnormallties cause neuronal 

depression in the medullary eentera which leada to respiratory degression 

and de8th Hydrocyanic acid i8 therefore 8 v10lent protop1asmic polaon 

for al1 forma of life 

Although acute HCN toxicity i5 8 problem, of greater toxicological, 

physiological and nutrit10nal import8nca 18 the continuad lngestian of 

amall quantities of hydrocyanlc acid !hese amall quantities are not 

larga enough to cause death, but affect the general health and canditlon 

of the subject 

!he body has the ab111ty to detoxify varying quantit1es of HCN, the 

total quantity varying according to species, phyaical condition, nutr1ent 

consumption and probably other unidentified factora It has been postulated 

that an enzym~ called "rhodanase" i~ responsible for the n.setian of hydro

cyanic acid with thiosu1fate or colloidal sulphur under aerobie conditions 

to produce the detoxification product thiocyanate !he enzyme 18 widely 

distributed in al1 tissues with the highest coneentration in the ltver 

Detoxification can therefore take place in a11 parts of the body but with 

the liver as the ehief site !he detoxlfication of HCN appears to be limited 

by severa1 nutrients but mainly by the availability of sulfur sinee Himwick 

snd Sanders (1948) calculated that at least for the dog the quantity of 

enzyme present in the whole liver could detoxify 4015 g of cyanide and 

the ske1etal mUse les 1763 g of cyanide in 15 minutes However, these same 

autnors have snown that tne artual rate of detoxification for the dog ls 

much less than would be expected based on enzyme concentration lt has 

been found tnat the injection of thiosulfate will increase the minimal 

lethal dose by a factor of 3 or 4 On the other hand injeetion oí other 

sulfur sources such as cystine, thiourea, or sodium 9ulfide a~e not effective 

!he ineffectiveness of these latter compounds in reductng acute lICN toxicity 
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when lnjected la probably due to the slowness in whlch they are converted 

to thlosulfate, sinee Wood and Co01ey (1952) hsve shown that labeled 

SCN ls produced when eyanlde ls administered wlth labeled 35S-cystine 

It has been proposed that rhodansse forms a lose combinatíon with 

thiosulfste which bresks down to yield sulfur ln a fonu thst can be 

accepted by the cyanide ion !he rhodsnsse system 18 not the only route 

of detoxification through which thiocyanate can be formed from cyanlde 

It hss be en found thst 8-mercsptopyruvic scid can provide sulfur as 

rspidly as thiosulfste tor cysnide detoxificstlon 

Vitamin 812 has also been postulated to play a direct or indirect 

role in cyanide detoxlfication A dietary deficiency of vltamln B12 

Ieads to sn increase in thiocysnste excretion InJection of sub-lethal 

doses of cyanide lnto rats csuses a 9lgnificant depletion of llver stores 

of vitamin 8 12 , indicating that it is an important dctoxifying aren! 

during cyanlde poisonlng It has be en shown that vltamin 812 i5 no! 

necessary for the conversion oí cyanide to thlocyanate through the aetion 

of rhodanase or 3-mercaptopyruvate sulfur-transferase Therefore. it "p-

pears that the best explanation for the efiect of vltamin B
I2 

ln c,anlde 

detoxification IS that the cyanide combines readily wlth the hydroxyl 

form of vitamin BI2 , hydroxocabalamin, and through this compound the 

cyanide is incorporated lnto the l-earbon metabollC pool probably in 

the form of formate Thia ia the pathway chat 19 significantly impaired 

io a vitamlo B12 deficlency 

rt therefore appears that the differences in loy ~lty reported máy 

be ln many cases explalned by che presence or absenee of substances such 

as meth~onineJ cystine, sulfur, vltamln SI2 J lod~ne and other elements 

such as eopper and 1ron At the same time, symptoms related ro the 

deflciency of metr10ntne, vitamin 8 12 and iodlne th~t ~ave been reported 

to occur when dietary leve la of tbese nutrients \o/ere apparent 1y adequate, 
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may be explained by the presenee of sub-lethal levels of IICN which 

reduced the efflclency and proper matabal!c utl1izatlon oE nutrients 

Several methods oí processlng can be utl117ed to reduce KCN toxicity 

Sorne of these methods are more effective tban others Drying in a forced 

sir aven, at moderately higb temperaturas (70-80'C), boillng ln water 

and sun drylng bave been practiced 

Oven drying in the absence of moisture drives off the free IICN and 

destroys the enzyme linamarlnaae which ls necessary for hydrolyzing the 

glucoside to forro HCN Dry heat has 1!ttIe if any cfEeet on tbe glucoside 

present and tbus this ia consumed in the eaSS8va root lf it ls trua 

that IICN is slowly released froro tbe glucoside ln the stomacb through 

the aetion of hydrocloric acid hydrolysis, then 5mall but metabolicly 

significant quantities of HCN wl11 be absorbed from caSS1va that has 

been processed in tois manner 

Boiling in water destroys the free HCN along with the cnzyme. lina

marinase or linase, as wel1 as causing a reduction of the total glucoside 

whieo 18 soluble in water lf bol1ing 15 rapid and contlnued for only 

ahart perlods of time, 8if~nlficant quantities of glucosides ma~ remain 

in the csssava root. caustng ehronic ingestion of HCN w¡,en th!s cassava 

te eonsumed 

Shredding, mixing s~d sun drying offers a practica! and cffeetive 

way of reducing both toe IICN and glucosidc level This process in1tiates 

tne Betian oi tne enzym. on the glucoside to cause ~ ~elease of HCN 

tf drying 19 accomplisned ove. a period of severaJ days much if not most 

of the glucoside ",111 be hydrolyzed to release He" l1hich lS dlSlpated 

lnto the air 
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Harvestlog, 5torage, Feediog aod Processlog 

Some of toe greatest problems io using C8esav8 are related to harvest-

iog, storage, processing and feediog 

The root system of the plant, which mUBt be harvested, 15 deep 

irregular in its placement and generally extends over a wide area !he 

large and fibrous stalks must be removed before the roots can be 

harvested Mechanical harve8ting methods have not yet becn developed 

and harvesting 18 usually manual In damp, lighter soils, hand harvest-

ing ,. not a dlfficult task Orfer and more compact satIs present some-

what of a problem if toe roots are to be removed lntact Manua 1 harvest 

wll1 probab ly not be a deterrent to el Hc ient ut 11 bat ion on sma 11 opera-

tions bllt might become " limiting factor if large quantitles are requ1red 

daily on farms with large numbers of swine The use oí a tractor CqUlp-

ped wtth a single bottom plow to expose the roots may rye advantageous 

lt would be preferable to have a mach,ne to dig and 11ft the roots out 

of the graund A mpchine similar 1.n design to a potato dlgger out wtto 

greater depth range aod heavier structure mlght oe effeotive 

Cassava in its fresh, high motsture state cannot, under mosttropical 

environments,. be stored for more than 3 to 4 days ~'lthout the onsct of 

fermentation and dete~ioration Even under refrigerat10n. which 1S costly, 

it cannot be conservf>d in satisfactory conditu:m for more than 2 to 3 

Months lt must be harvested two or three times per wcek to assure a 

satisfactory, paJatable product for feediog as it has heen demonstrated 

that spolled or fermented cassava will not be consumcd at a level adequate 

to support optlmum growth, snd if consumed. will cause digestive disturb-

ances and reduce consumptlon 
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In its fresh, wet condition, C8SS8va can be efficiently used to feed 

swine lt 19 genera11y better to wash the harvested cassava to remove 

the bulk of the so11, although chis la not essentlal, and to chop, shred 

or grind the root before tt lB fed Because of the falr1y rapid rate of 

fermentstion of ess.ava and especial1y of the ground or choppcd material, 

lt should be offered daily to the pigs In quantltles eontrolled to supp1y 

a11 that the animal will voluntarl1y consume but not at a level that wlll 

leave sn excess of unconsumed msterial If the fresh casssva i5 to be 

usad in the swine operstion. alteraste plsntings st 2 to 3 montn intervals 

will sssure sn adequate and atable supply of an acceptable product 

Grindlng, shreddlng. or chopplng of cassava roots can be accompllshed 

in many ways lf small quantities are needed a knife or machete i9 ehe 

most simple m~thod If larger quantities are required, a mLchanical 

grinder or shredder should be used A commercially available 5011 shred-

der has sstisfactorlly reduced the size of the whole root to pieces suf· 

ficiently small that they are well accepted snd consumed by the pig 

Temporary storsge of the roots can be accompllshed by leaving rhe 

roots undisturbed in the field Long term storage of the cassava roots 

must follow proces.in~ !he roots can be either dried or ensiled They 

can be dried either mechanically or by expoBure of the chopped or shred-

ded material to the aun in thin layers on large trays If the mOl.ture 

content 18 reduced to 10 percent or les8, the drled root can be safely 

atored for as mueh as ayear 

!he roots alone or in comblnation with the leaves can be success-

fully ensiled and maintained for sorne time if the material ls stored In 

amall sir-tisht sil08 or plastic containers 
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Cassava in Swine Feeding 

Studies to mea.ure tne feeding value of cassava roots as sn energy 

(csrbonydrate) source for piga nave becn reported ln the Iltersture Slnce 

early 1900 (Tracy, 1903, Conner, 1907, Gavin y Andouard, 1914, Henke, 

1923. Mondof'ledo y Bayan, 1927, Mondof'ledo, 1928. Fullerton, 1929, Howi.e. 

1930, Mondof'ledo y Alonte, 1931, Woodman !! ~ , 1931. Alba, 1937, Asi-

co, 1941, Z~rate, 1956. Oyenuga y Opeke, 1957, Mej1a, 1960, Moebe, 1963, 

Mnner y Bultrago, 1964, Castillo!! ~ , 1964, Peixoto, 1965, Lang et 
1I 

~ , 1965. Maner y Jiml!ne7, 1967, Maner,~ ~ , 1967, Aumaitre, 1969, 

Sh imada, 1970, Y Maner, 1971) 

As can be scen from the summary of results oí studies carrlcd out 

between 1927 and 1941 to evaluate cassava as a feed for growlng and 

[lnishing pigs (Table 8) the maxlmum level of eassava that had been 

incorporated into the diat was 40 percent In the PlilJonty of ti e cases 

the level of production was low and feed required per unit galn was hIgh 

However, these data compare favorable with tha results obtained on control 

dlcts whieh were also much lower than "'ould be acceptable today Bpcause 

of tbe advances that have been made In nutritlon sinee these early 

stud,es ",ere carned out. more favorable results would not be cxpected 

under the condittons under whicn the studles were condu('ted These 

data are then more of historieal mterest and ar" of very 11t'l. nutn-

tional value today Lxcept as simLlar feeding condltlon~ may eXlst In 

less developed svlne production systems in the tropoes 

In afrlca, OyenuHa and Opeha (1957) utili7cd 40 and 55 percent 

dletary cassava fOI growing and finlshfng plgS, respectively Thc 

fresh cassava was fed cither raw or bo:ded to thc pl{yC; along .nth a sup-

plementcd dry fced sourc. tllat supplied protein, energy snd mlner. 1 S 

but was not supplemented ~Ith vitamlns i'he ptgs wpre hand fe-d tnree 
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times per day I in so attempt to equsli 7e nut rient lntake nf cassava fed 

animals snd control animals fed sorghum (guinea corn) based dlet. From 

theae studie. the authors concluded that cassava has a feeding value for piga 

equal to that of sorghum snd that raw cassava was highly palstsble and equsl 

or superior to cooked cassava 

In a later trial at the same slation (Modebe, 1963), aorghum or corn 

wa. replaced by sun drled csssava meal at 32, 37 and 40 or 42, 47 snd 50 

percent of the diet for pigs weighlng 23-36, 37-55 snd 55-75 kg, respectively 

lbe piga fed the lower levels of cassava meal (32, 37 and 40%) grew at a 

rate that va. not dlfferent from that of the control (O 491 vs O 482 kg day) 

or from thst nf the higher levels oC cassava meal (O 491 va O 473 kg/day) 

Feed conaumption was not different between the different treatments 

nor vas it optimal for any of the groups (4 38, 4 39 and 4 11 tor the 

control, low sud high cassava groups, respect1vely) 

Levels of 20 and 40 percent sun-clried cassava meal was used by Kejta 

(1960) to replsee a similar quantlt> of corn in ratlons tor growlng-finlsh

tng piga As seen from tne summary of tnesa results presented in table 9, 

the growtn rata of the piga was "tmllar with that of the 40 percent cassava 

fed piga higher than th. control These results do not indicate that cassava 

has the same or superior nutritive valUé as corn, because all diets contained 

a level of protein superior to that required by pigs of these weights 

!bese resulta do however indlcate that the energy value of c8ssava is 

similar to that of corn 

Aumaitre (1969) compared the feeding va1ue of corn, wheat,barley and 

oata to that of drled caSS8va meal The 20 percent proteln diets were fed 

to baby pige between the agesof 5 and 9 weeks Maxl~um performance were 

obtained wlth CSasava (416 g/day) as compared to barley, aats, coro snd wheat 

(386, 380, 354 and 360 g/day, respect>vely) It was reported that the 
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improvement due to cassava substitution was due to a reduction ln the 

frequency of diarrhea observed in the pigs The reslIlts oE a digestibll! ty 

trial conducted with these animals show that wheat, barley, corn and 

decorticated oats have comparable digestible energy values (3973, 3955, 

4046 and 4024 kcal/kg H S , respectively)which compare closely to a digestible 

energy value of 4185 for cassava meal 

Shimada (1970) used O. 22, 44 and 66 pereent sun-dried cassava 

meal to replace corn in diets for pigs between 30 and 90 kg Although 

lnadequate numbers of p1gS were employed for statéstlcal analysis, toe 

general results o' toe study indicate that up to 44 percent cas,ava 

meal can be u.ed to replace corn wIthout causlng a reduction In o,era11 

performance The htghest leve! of substitutéon caused both reduced 

galns and effic1ency of feed conversion 

Cassava silage was used by Castillo, ~ ~ (1964) to replace coro 

In dlets for growl.ng plgs Forty percent oE the dlet ",as supphed by 

CBSSaV'¡ s11agc and the remainlnp lngredlents ~ere 1ddcd te provlde R 

dJet q¡mIlar to tha. of the corn-bas,,~ control Because of rhe 10\0 

level of crude proteln present ln thc cassaVR ~llage •• 19~er levels of 

suppl/?!"\ental prote r. ",e~e pr-ovlded h) prorcln of hí hr'" nur"'l~lV~ V.:)l ue , 

provl~:hn'5 a flnal olet oE highet" protcln '1'U31lty t'rlan t;at 1)rOV1CC';: b) 

t~p corn-hascd control Although t"e perforrlance "r 111 ¡n!?, 1n t"'~ 

study \~a, rehtl\~ly 10"1, pl.gs fpd the cassav, SI la e dlet galned faster 

~nd required le~q feed than thosp fed the corn dlet In the oplmon 

of t~e authors ~nssav1 silage i~ a s~tisf1ctorv cped for growlnr SWlne 

E~tensive studlC~ on the value of caSS1va ~p~l, fresh cassava and 

caSS'1va ~il9.re as feeds for swinc n l1fe-evc:le product'lon s'\stenG h;:l (' 

bcen c3rrted out at the Palmlt'a Statlon of the Lo 1onhtan ¡\~ ..... cultt.ral 
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Instltute snd tn collaboration wlth the International Cpnter for 

Tropical Agricu1ture (Maner and Buitrago, 1964, Maner and Jlmenez, 1967, 

Maner, Buitrago and Jimenez, 1967, Maner Buitrago a~ Gallo, 1970, 

Maner, 1971, Maner and Daniels, 1970, Mesa and Maner, 1971) 

The caSSBVB used in studies 1, 2, 3 snd 5 was a mixture of severa1 

varieties commonly eaten by human. and was grown ar the Pa1mira Experl

ment statlon of the Colomblan Agricultural Institute (ICA) Tnat used 

in experimcnt. t., 6, 7 snd 8 was a high yl.elding variety, "Llanera". 

grown at the same statlon The fresh CSssava was harvested two or three 

tlmes weekly to prevent apoilage and to insure a palatable feed 

harvest the cassava \olas washed to remove the 5011 and chopp"d daBy as 

required Cassava for the inltial studies was chopped u51ng a large 

knife (machete), a 50il shredder was later used for choPPlng lhc drtcd 

cassaya meal was prepared from fresh cho¡ped cassava ~v flrst dryin~ 1t 

180'F in a forced-ait oven for 24 to 36 hours or by exposlng lt to t~e 

sun in th!n layers in IBrge drying pans and subsequently grlnding the dned 

materia J • 
Gtowing-Finishing Tr!als 

Fresh Cassava 

Thc cas.ava and protein supplements for all growwg-ftnish1nr tnals 

using freshly choppped cassava were red in automatlc weral feeders, 1n< 

all cassava not consumed by the pigs withln 24 hours after [eedlng was 

colleoted. weighed and d,scarded 

Expenment 1 FUteen weanling Duroc plpS '!?1fhn¡c sn aver3ge "r 

\8 l kg «ere used tO an experiment with a completel) lando'1'17ed deslgn 

'dle plgs were allotted to the thrpl? treatment groups o .... trc h'i~lS of se1\ 

and litter and malntained in pasture lots of pangol~ gr,ss ~ acb lot was 

tqu!pped with a shade over a concrete slah 



according te treatment ln automatlc feeders and "aterers 

ments were 
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The three treat-

1 A basal diet of corn, soybean meal, cottonseed meal, bone meal, 

and vitamin-trace mineral premix offered !i libitum 

2 Raw. chopped cassava fed ad libitum and a protein supp1ement 

also offered !i libitum 

3 Raw, chopped cassaV8 red ad libitum snd a protein supplement fed 

daily in quantitles sufficlent to supply minimal daily require

ments 

The compositlon of the basal diet and the protein supplement are 

presented ln rabIe 10 !he basal diet "as caleulated to contaln 16 per-

cent erude protein, but laboratory anaIysis indicated a level of 19 81 

percent Aod the protein supplement contslned 42 88 percent protein (Table 

11) !he cassava contalned 63 75 percent moisture and 1 04 percent crude 

proteln 

The performance data are presented in TabIe 12 and Figure l The plgS 

on both the control diet and those receivlng the r8W C8ssava plus protein 

supp1ement free choice grew at a satisfactory rate and efficiency and 

performance of both trpatment groups were similar The graup of plg. 

reeeivlng raw cassava,but wlth quantlties of prote!n supplement contro11ed 

to supply the mlnimal needs of lhe plg (Table 13). gre¡- at a slo.,e< rate 

than elther the control ar raw C1.SS8V3 plus free-cho~c.e supplement groups 

Efficlency oi foed con\ersion WJ$ nol dlfferent bet.een the two yuca 

groups, both of whicb \Vere morE' e:fflC1Pnt than thc corn-soybean control 

group 

The pigs offered chopped cassava and protein supplement free cholce 

consumed much more prote!n than would be non,ally requlred (Figures 2 
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and 3) The pigs ehoose a diet COlltainlng an average of 25 31. proteln 

during the initial week of the experiment This leve1 of consumption of 

proteln, brought about by an over-consumption of the protein supplement, 

and concomitant reduetlon in eassava eonsumption was gradua11y reduced 

to approKlmately 16 5 to 16 9 percent during the final weeks of the 112 

da} trial These data indieate that the pig, were consumlng the dry pra-

.. teln supplement to fuHill partially thelr dally energy needs that wcre 

nat being met by their dai1y level of consumptlon of fre"h, chopped eas-

Gava 

EKperiment 2 Fifteen Duroc pigs with an average body welght of 

17 8 kg were random1y a llotted to the same treatments descrl.bed In 

Expe riment 1 ThIS expenment duplicated J:.xperiment 1 exc~pt th1t the 

piga Were fed in confinement and without acce •• to pa.tule 

The pprformance data afe presentad in TaMlo J~ The growtt rates 

of the basal graup and the cassava group offered protetn stlpplampot free 

choice were very slml.lar, O 643 and O ~34 kilogrnm. dally gain, respec-

ttvely The efficiency of faed utllization was not greatly dlfferent 

for the [\lO grol1ps The group receiving cassava plus a control Ice. amonnt 

of proteln supplement lLot J) consumad ]E'," fresh cassava and onJy O 7~ 

kilogram oí proteln supplement da,ly as romp1red to 1 17 kllo~ra~s 

consumed by t"e free chOIce ¡,roup As a result, ch •• graup had 4 7 per-

cent sIo",er daj Iy galns but requlred 15 9 pPrLent less total feed to 

: produce a kt10 of g~ln ,,'len compared ro the free chOIce proup This 

controlled protein feeding in effect resu1tcd In a r"strlct,oo of totdI 

consumed 1 WhlCh has been shown to lmprove epc ¡ pfclclencv 

The growth curves of Che three treatment groups (F 1 "ure ',) demon-

that the plgS con~uming both eaSsm,a and 1.2 118 p~rcent proteln 
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cent protein corn-soybean meal control diet In doins so, however. they 

voluntarily consumed a ration that was excesstve in protein (see Figure 

5 and 6) The implications of the excess1ve consumption of protein sup-

plement observed in thls experlment as in Experiment 1 are not readily 

apparent These data may indicate that the stomach capac1ty of the pig 

19 not great enough to consume enough fresh C8Ssava to meet che daily 

energy requ!rements snd therefore energy needs are met by sn over

consumption of prote!n supplement or that cassava consumption is Iow due 

to poor palatabllity of the fres~. raw csasava 

!hose pigs fed contro11ed quantlties of protein supplement (Lot 3) 

grew at a .lightly slower rate but converted the feed more efflcientIy 

and consumed a dlet lower in proteln Reduclng the daily consumption of 

protejn supplement. however. f311 p d to lncrease the dally consumption 

of fresn cassava The improved efficlency af feed conve-Slon of treat

ment group 3 could be the reslllt ol restricted feeding aod/or to more 

efficlent utilizatlon of the protein supplement associated with the 

elimlnatlon of excess nitrogen 

t.xperlment 3 Nlnety-six Durac snd Durac-Landrace crossbreed plgS 

wel~hing an average of 23 kilograms ,!ere d1.vided aceording to "elght. 

sex, 11.tter and cOndttlon to 12 outC'ome groups of 8 pl~S each These 

outcome groups were then alJotted to six treatments. ea eh wlth two replica-

tlons Lach ~roup W3S fed fresh, chopped cassava dall) to allow volun~ 

tary consumption, and the excesq was removed, wetphed and discarded each 

mornlnp before offerlng ~ddltlonal cassava Two basie proteln supplements 

wlth two level. of vltamln-t"H.e mineral supplementatlon (Table 15) ""ere 

compared A comb1natlon of cottonseed meal and soybeAn meal was compar~d 

'·nth soybean 'TIC;:¡ 1 alone, both 'lit11 a norMal level of vltamin-trace mInera 1 

supple~entation and wl'h two tlnes thls norma! level Supplements 2 and 
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5 ",ere offered ad ltbitttm (Treatments 2 and 5) and in dally ratlons (rre1t-

ments 3 and 6) ca1culated to exeeed toe Plg'S da1ly protein requirement9 

(National Researeh Council, 1964) by 10 pereent (TabIe 16) 

The pigs were housed in 2 5 x 8 meter concret( lots durlng lhe entire 

84 day expenmental penod and body welght ehanges and proteln supplement 

eonsumptlon were recorded for caeh lot at weev!y fntnrvals Cassava con" 

,umption was recorded dal1y 

The performance data are presented in Table 17 rhe ave rage da Lly 

gams and growth curves (figure 7) were slmilar for a11 gr0ups fed either 

of the basie prote!n supp1ements free choice There was no cons1stcnt 

advantage of addlog hlgher than recommended levels of vltamlns and trace-

minera 18 The averar" galns obtalned from the groups red controlled 

daily ratlon~ of protelD supplement WI -p nof dlflprent 1)~t'~LLn trt 1lmcnl b t 

but were 1nferior to thos" recorded from plgs rece1vwg ad 11 !Htum quanti-

ties of e1ther supp1ement 

Average datly lntakes af ~et cassava were sim11~r. varYl~f an aver~ 

age of only 480 grams between the hlghest and lo"'est average dally consump-

tlon (3 89 to 3 41) as ind1eared 1n labIe 17 Rnd rlgur a 8 Higher dally 

lntaltes of p!"'oteln supplLment Were observp.d among the 8r"OUPS fed !:ld 

l1bltum the comblnatlOn of cottonseed meaJ-so>bean 'lel1 (eSH aod SOM) 

when compared to the groups offered voluntary consumptlon of the supple-

ment eontalninp only qoyb~an meal (~)M) As 3 res'llr of th1S ~igher daily 

consumptlon the ~SM + bOM groups requlred more tar11 fpC1 (cassava + <ur-

plerre nt) to produce a UOlt of galn Feed reqllircl! to produce ~ unlt o[ 

gain W'l$ not dtfferent amonR the SOM groups nor bl"twcen ti e proups reCt~lV-

Ing cootrolled quantltles o~ elther supplement 

It "as observad that the plg does a feal) 'Ir ertahle JO!-' of 
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balancing his diet when offered fresh, chopped ca88ava and prota!n aup-

plement free choice (sea Tabla 17) Young piga, when chey are initiated 

on such a diet, hovever, vill greatly overeat prore!n aupplement as 

lndlcated in Figure 9 Llmiting the daily consumption of protein supp1e

ment to a level calculated to supply 10 percent more than the National 

Research Council's published requirements dld not reBult in an lncreaae 

in daily cssssvs consumption Ihese data canfirm resulta from the previ-

ous studiea vhich seem to indicate that thare 18 an upper limlt of about 

an average of 4 kg daily that the pig viII consume over the growing-

finishing period The pig tenda to overeat protein when calculated over 

the entire experimental period Thls over-consumption ls, hovever, 

basically, although not completely, the result of excessive consumption 

during the early stages of the feeding trial In general, the daily 

voluntary con.umption of vet casssva increases progressively from 

weaning to market weight, and the daily voluntary consumption af pro

tein remains almost constant over the entire period (Figure 8) 

Experiment 4 The tirst threr trials demonstrated the effectiveness 

of soybean oi1 meal or this meal in combination vith cottonseed meal as 

a protein supplement for growing-finlshlng pigs fed fresh, chopped cas

sava These ingredients are not, however, unlversally available, 

especially in the lowland tropics This experiment was conducted to 

evaluate a large variety of protein sources as potential supp1ements 

for CBssava in order to brcaden the application of these data over a 

wlder area 

Forty eight Duroc x Landrace weanling piga vlth an average initia' 

weight of 192 ki10grams were al10tted at random according to veight, 

sex and litter to six treatments with two replicattons each Ihe pigs 

were housed in confinement on concrete and water was supplied ad libltum 

in automatic waterers Ihe casssva vas supplied fresh dal1y and was chop-



ped ln a 5011 shredder befare feed1ng 1n automatlc feeders The SlX 

experimental protein supplements testec1 were a150 red free choice in 

seplrate feeders Tne composltion of the suppIements utllized and 

laboratory anaIy.is for erude proteln íor caeh are presented 1n TabIe lB 

Fresh cassava consumption per lot was recorded dBl.ly and body welgnt 

changes snd protein supplement consumption were recarded at blweekly 

intervalo The plga were maintained on these expe~imental dieto far 

111 days and welghed sn average oí 95 kilos eacn at the terminatlon oí 

the trial 

!he pigs fed fresh, chopped casssva ,.ith a protein supplement of 

gooel quality performed slmilarly aud satisfactory (TabIe 19 "nd Figure 

10) Ihe l1ighest grawth rates were obtained from the supplements conta1n-

lng combinatlons of eleher, soybe~n meaI, meat and hlood meals or m~at, 

blood and cottonseLd meaIs Inferior bul not ',gnLficantl) dLltelcnl 

performanceo; were obtalncd from pigs cono:;uming meat mea] 310ne or a 

combInatlon of fish meal U'ld cottonseed mea! Slgnlflcantly 510wer galns 

were recorded when cot"onseed meal supplled the only souree of proteln 

!hese results from the cotton.eed meal ,<'pplemC'nt mlght he expected as 

cottonseed meal 1. deficlent In lySlne and can contaln l",vels of a plgment, 

gossypo 1, which is tOXH tO the PI g As aCtite toxlrlty SyrptOMS W€'re not 

observed, th0 depress10n l' probably related to proteln quallt) and 

especlally to a Iyslne deficlcncy 

Th~ average dal1y consumption of freah ehopp~d essssva was similar 

ameog mast of th~ groups (Table 19 snd Figure 11) except the m~at meal 

sod tbe eotton8~ed mes! groupa snd corresponded clooely to tne 4 kg 

da!!y consumptloo previously observed ln otber studiea !he res80n tor 

the lower cooaumptlon of these two group. 19 not readl1y apparent, 
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eapaeially for tho aeat .. al groap, however, ehe lovar eoaaU2ptioa 

recordad by the cottonae.d .. al ,roap coald be relatad to tbe prot.iu 

quality of the Dupp1eaeut 

Averase cld1y C01l0UClPtiOlll ol prote1n Duvpl_t va. 0.83 k& ""en 

averaged ovar 011 treatmentl end .a. etailer for el1 ,ronp. (Table 19 

.. d Figure 11), althouah elightly higher for thoee piS& fed coabiaation 

of dther IMat and b100d lIeale or IMat, blood, and cott_Dud _.la 
The variable dal1y coneuaptiona of C.a ... a aud euppl ... ot& kad 

little .floct oa overall fa.d converaioa ""leh averased 3.31 tor all 

treatment group. The variation ln the aaalyzed level of prot.in in the 

varioue .uppleaenta Dnd the v.riatiOlll in dal1y ca .... a eon.~ptlO1l 

(Figure 11) did, however, appreclably .ffact the percentase of protein 

c01lswaed in the ration (Fisure 12) 

over-con8umad protein during the entire experimental period and eapeeially 

during the firat 14 to 28 day. The iacrea.ed eonaumptioa of protein 

observed during the l.st 28 day. of the trial va. a.aociated vith • 

reduced conaumption of ca ••• va. The original field of c ...... uaed to 

intti.te the experlment va. terminated durlag the tille .nd • ftev lot 

va. introduced Although thi. nov lot v •• tho .... v8riety aeeded at 

tbe samo time aftd with • similar ehemleal coapoaitian, the qUllllty of 

the caaeava vas inferior The roote vere 8IIAller and more stringy and 

•• a result, daily cODsumptlon vas gre.tly reduced ln al1 lota Th .. s .. 

observations c1early indieate ehe nece_olty of u.ing good qu.lity cassava 

for maximum ddly cODsumption 

Oried Caa.av. 

The dried c •• sava used v._ first vaahad to re.ove tho ooi1 .nd then 

ehopped in • 80il shredder Thie chopped materi.l vaa placed on vlre 



of approximately 10 perc~-r ~']' ~ied ~aterlal was then regrou~d in 

a ha::re:-¡lll t:~'o',' - l~; ",i"ed in the final diets Cassava meal prepared 

Jrt-:d C·.l"i;,l\.,J o::eal .. U3 ~"lcorporat:ed into ccc:plete-

balanced diets to rreasure its value as an energy scuree and as a substi-

tute far corn in gro~ing-finishing swlne diets Tne cassava meal was 

substituted for 33. 66, and 100 percent oi the corn .n the basal, 16 

percent proteln, corn-cotto~se~d ~eal - so}b~an meal diet and ehe proteia 

level equalized in these diets by varying the proportion oi corn and 
" 

soybean mea 1 The level of cottonseed meal was held contant ae i percent 
,\ 

in all diets to avoid proble~s of gossvpol toxicity Since che cassava 

meal i8 dusty, the same four treatment dieta wet'e repeated add.ng 10 

palatability snd feed consumption The compos.tion oi the diets are 

presented in TabIe 20 

Forty-eight weanling pigs with an average initial weight of 18 5 

kg were a110tted according to weight. sexo litter snd condltion to t~e 

eight treatment g~oups !be pigs were housed in conflnement on concrete 

and fed snd watered ad libitum during the entire 111 day exoerimental 

perlod 

!be aummary oi performance data i. presented in TabIe 21 Each 

increase in level of d~ied caasava resulted in a correspondlng decrease 

in average daily gaia with or without 10 percent oolasses These 

decreases in gatns were not caused by decreased f~~d intake as the 

average daily volJltary cons~rnpt1on a~org treatme~t$ wltrout acded 

QOlasses were not different Arlding 10 percent m01asses increaserl 
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daiIy feed c)nsurn?ticn by 13 7 p~ccent and 8upported a 9 8 percent 1n

crease in average daily gafns ,hen treatments vith and vithout molaases 

Io'ere comparad As contra.ted to che treatments vithout molasses, in-

creasing the cassava level in the presence of molaases resulted in a 

decrease in average daily conswnptio"l Feed conversion was not greatly 

different among treatments 

rhe 0,era11 qua lit y of the protein was improved in the diets ss the 

cassava r"placed coen and the proportion of Boybean meal was increased 

so that the depresaion in aver~ge da.l)" gain ~a8 probably directly as

sociated with the cassava jract10n of the dlet and could possibly be 

associaced with che utiliza _on oi tne carbo~idrates, mainIy starch, of 

che dried cassaJa 

nae grearIy affecr its utiIization 

Cassava siIage was made fro~ the reots alene and from a combination 

of che roots, stalk3 and lcaves ~e r~ct sllage was prepared by chop-

ping rhe fresh roots in a 8011 2"~et.'d,,r to a medi=-fine partiele size 

(O 5 to 2 O mm diameter) and placlng this fresh chopped material in air 

tight plast!e baga !he rooe plus stalk aud leaf aiIage was prepared in 

a similar manner, with che ~hole plane being put through the 8011 shred* 

der. !he particle size for the roots in both lilages vere similar, bow

ever, because of the flbrous nature of the scaIk, the partiele aize of 

this portian wss lsrger. Rotn of these silage prepsratioos produced 

adequate fermentat10n for atorage snd were in excellent condition when 

fed 

Experim!!nt 6 Because of the limited quaotity of silage avsilsble, 

lS piga were used in the experimento Tnese pigs, averag1ng 18 34 kg in 



velght, were randomly allotted to the three treatment groups !he 

treatments vere 

1) Presh chopped casaaYa plus protein 8upplement. 

2) eaSSaya root silage plus protein supplement 

3) Cassava root, leaf and stalk eilage plus prote!~ supplement. 

!he protein supplement used la presented in Table 22 Cottonseed 

meal was used as the only source of supplemental protein 80th tbe 

~ proteiu supplement and the cassava preparations vere fed free-choice in 

eeparate feeders 

!he feed consumption snd performance data are presented in Table 

23 Average daily consumption of protein supnlement vas uot different 

ameng treatment groups, averagiog 1 02 kg over all groups Dsily c~n-

sumptian of root silage vas similar to thst of freah chopped csssava 

roe loelUSlon or tne stS1KS snd leaves, nOweyer, greally atfected daily 

consumption of the whole plant silsge, reductng lt by approximately 25 

pereent Thia reduced eonsumptlon of vhole plant silage vas refleeted 

in aver~ge daily gains vhich vere redueed by 14 7 perceot when compared 

to the control, freah chopped cassava ration. !he root si1age supported 

gaine equal to those produced by frean chopped cassava. leed required 

per unit gaiu was nor differeut among treatments 

Ir appeara thar the inclusion of the stalk in the whole plant si1age 

redueed the scceptability of this ailage by the pig The bard, fibrous 

nature of the stalk preventa eaay m8stication and iuereased selection 

and separatian of the 8i1age lt ia suggested that the roota snd the 

leaves be ensiled for piga but that the stalka uor be loeluded. 



Gestatlon Trial 

Fresh Cassava 

Gestating aova should be ~intained in " tbin condition and never 

"lloved to become fat. To prevent tbe sovs from becoming too heavy. 

they are usually limit fed daily in individual feedlng atalls Sovs 

maineained in confinement normally require about 1.82 to 2 5 kilos (4 

to S 5 pounds) of a complete feed containing 15 to 16 percent proteLn. 

As cassava ia generally a poor acuree of protein, ie Must be properly 

suppleMented vith protein, vitaMina snd minerals This supplementatlon 

can be supplled by a apecially prepared high procein feed or proceln 

aupplement. 

A feeding level of 1 82 kilos (4 :ba ) of a 15 pereent protein fead 

viII provida approximately 273 grama of erude protein. 

1 ij2 kg x l5~ - 273 grama 

Therefore, a ration of freeh cassava plua protein aupplemeut must provide 

the same daily intake of proteln aud dry matter. A daily ration of 620 

grams of 40 percent protein supp1ement and 3 1 kilos of fresh cassava 

cantalning 1.0 percent protein viII supply 279 grams of crude protein. 

Supplement 062 kg x 401. .. 248 grama 

Caassvs 3 10 kg x 11 - .2l grams 

Total protein 279 grams 

!bese same quantities ol cassavs (35 percent dry matter) sud supple-

ment (10 percent dry matter) will also supply spproxúnstely 1 82 kilos 

of air-dried feed (approximately 10 pereent moisture) 

SOW8 an good pasture viII consume forage to meet s portion of their 

daily feed requirement8. Therefore, they require le8s dsily supplemental 

feed to meet their nutrienc needa. 
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Experimert 7 !btrty Duroc x Landrace gilts snd sovs were allot-

ted by weight and previous re~ord st the time of servlce to the three 

treatment groups Equa1 numhers of SOW8 in each group were bred to the 

same boar. All sows and gilts were bred on pasture snd rece!ved a kilo 

of the control diet unt!1 bred. At the time of service the 80W$ were 

moved to the appropriste crorral snd scarted en one of the following 

three treatments 

1. Sows were malntained on pasture and received 1 kg of s 16 per-

cene protein cor-soyhean meal dlet daily 

2. Sows were maintained on pasture snd received 1 7 kg of fresh, 

chopped cassavs and O 4 kg of a 40 percent proteln supplement 

dsily. 

3. Sows were maintained io confioement on concrete and received 

~ 1 Kg or rresn, cnoppen eaasava ano v.a2 kg ox a 4U pereent 

protein supplement dally. 

!be compositlon of che diets snd supplements used are presented in 

Table 24 !be composition of the vitamln-trace mineral premix ls pres-

euted in Table 25 

AII BOWS from the time of farrowing untll weaning were fed ad 

libitum a standard 16 percent protein cron-soybean meal diet 

!be performance data for the three sow groups are presented in 

TabIe 26 As can he seen froro these data, ehe aova maintalned In eon-

fiuement and fed 3 1 kg of fresh caS88VS aud O 62 kg of protein 8Up-

plement gained appreciably more during gestation than ehe other two 

treatmeut groups. !bese sovs farrowed less pigs per 1itter whlch re-

8ulted in a corresponding lower average number of pige weaned per litter. 

Birth weigbte aud weanlng weights of these groups were similar. 
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SOW8 fed cassava and 9uppl~ment on pa8tu~e fa~~owed 10 live piga 

per litter as compared to la 4 piga per lit ter recorded for the control 

Althaugh its nutritional slgn1flcance ia not known. the cassava fed aova 

maintained on pasture produced an increased number of still born piga 

(16.7 percent). 

Althaugh additional informar1on 15 needed, it vas demonstrated that 
• 

fresh cassava can be successfully included as an energy saurce far ges~ 
; 

I 
_ tatlog aowa maintained en pasture or in confinement 

• • 
Lactatian Trial 

, ( 
Dried and Fresh Cassava 

Sows must produce large quantities of milk lf they are to produce 

heavy Iitters st weaning The type of diet oftered sud the quantity oí 

feed consumed greatly influences the milk production of the lactatios 

80v Daring lactat1on, saws are generally fed to appetlte to matutein 

milk production and prevent excessive body weignt losa It was of in-

terest to determine if caseava 1n both ita freah form and dr1ed and 

ground into a meal cauld support adequate productien when incorporated 

into rations for lactating SOW8. 

Experiment 8 Forty-feur SOW8 vere assigned at parturition to tnree 

treatment groups te evaluate fresh and dried cassava as an energy souree 

for lsetating aova !he dieta snd protein supplement used for the three 

nutritional treatments are presented in Table 27 Diets 1 sud 2 were 

complete mixed, dry diets sud were supplied ~ libitum in aelf-feeders 

during the entire 3S day lactation Sows on treatment 3 vere offered 

daily a mixture of fresh, chopped casssva and protein supplement !hese 

two ration ingredients were mixed in proporciona that vould previda a 

16 percent protela racian Ibe proporciona used are presented in 

, 
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Table 28. !he proper mixture oi supplement and caasava was obeained by 

combining 1 kg of fresh. chopped cassava with O 16 kg of 40 percent 

protein supplement. Eaeh sow was allowed ~ libitum coneumptlon of thia 

mixture in a self-feeder present ln the farrowlng crate 

All piga were weaned st 35 daya and body welght ehanges of che piga and 

the sov were recorded. Consumption of cassava and supplement was re

eorded daily and consumption oi the other tvo dieta was reeorded at,21 

and 35 daya 

Performance data for the aova snd piga are presented in Table 29. 

Because of chance, aowa allotted to the fresh cassava treatment farrowed 

less aud slightly heavier pigs. This reduced number of piga ae farrow

ing resulted ln a correspondíng lover average number at weanlog st 3) 

daya, as percentage mortalíty from birth to wesning was similar ln all 

groups and only sllghtly higher ln group 2. 

Average weantng weighta were lowese for pisa from the control sows 

and heaviest for pig frem the fresh casaava fed aova. !heae results 

atght be expected in consideration of the amaIIer Iittera of the fresh 

caaBava group and the d1fferencea are probably not associated with treae

mento The dr1ed cassava trestment groups were intermediate in weaning 

weight 

Sovs fed the dried ca •• ava diete eonsumed an average of 5.24 kg. of 

diet da11y aa compsred to the 4 82 kg. consumed by che control aova 

SOW8 fed the freah caa.ava and aupplement ration consumed lesa air-dried 

than either of the complete, dry diet groupa. These aova consumed ao 

average of 6 5 kg of fresh casssva snd 1.21 kg of 40 perceot protein 

8upplement par day. 

Average 80V body weight gains were not different in groupa 1 and 2 

(11.0 v •• 12.6 kg.) snd 001y slightly inferior in treacment 3 (7.6 kg.) 
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TJ.ble 1 1/ 
PrOxl~ate analysls of 15 Co1ombian cassava varlet"es -

NlCrogen-free-
Varlety Moisture Proteln Fiber Fat Ash extract 

, 
't % 't 1- 1- 1-

Llanera 67 90 2 33 O 97 O 18 O 95 27 67 

Santa Catallna 64 76 2 14 1 16 O 24 1 00 30 71 

H-SO 66 71 O 56 2 03 O 3S 1 71 26 58 

Tolima 61 85 O 40 1 35 O 25 1 54 34 61 

(' , ,.. -50 60 ~2 2 55 1 0 0 " 3h ! id) 35 1)7 

.... "'c: .... _ ... 
"-.)J J,J.I.(l.VQ. VL LL Lo uo 1 LO O .H J. v3 .:l'+ 1" 

Blanca No 2 62 70 1 25 1 02 O 29 1 36 33 36 

e M e -1 62 18 1 97 2 16 o 30 2 49 30 89 

C M C -l 61 SO 1 70 1 77 O 24 1 38 33 34 

CM C -4 67 S9 1 71 3 46 O 35 1 59 25 27 

Sel.s Meses Com(¡n 65 35 O 67 1 00 O 43 1 29 31 35 

Amarilla 64 16 O S9 1 64 O 33 1 81 35 90 

Tempranita 77 32 O 63 1 07 O 24 1 58 19 17 

La Respetada 52 84 1 03 1 02 O 22 1.36 33 49 

Bartolita 68 81 O 18 077 O 25 O 94 29 05 

Average 65 03 1 25 1 45 O 29 1 43 30 84 

1/ Nutrl.tl.on Laboratory - leA 
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TABLE 2 The effect of cassava maturity in the dry matter content and the 

1/ pu1p and pee1 percentage-

Date of ., DEl: matter ., Conoas it ion 
harvest ",hole root pulp peel pulp peel 

1970 

... 
February 23 34 6 37 3 22 8 87 3 12 7 

March 10 34 9 37 3 25 O 87 1 12 9 

March 30 41 1 41 3 36 1 86 6 13 4 

April 17 33 9 35 2 27 5 86 1 13 9 

Avera¡:e '\6 1 17 R 178 RI> S 132 

1/ Maner, J H and A Henao 1970 Unpublished data 



rabIe 3 M,neral content of 10 Colonb~an cassava var~et,es II 

I 

Phospho- Potas-
Vanety Calcum rus SOdlum Slun! Mallg)!.neslum 

• ... % % % '4 '4 

Llanera O 06 O 17 O 05 092 O 40 

Santa Catall.na O 09 O 15 O 04 O 66 O 40 

H-50 O 14 O 23 O 04 1 30 O 33 

ro lima O 06 O 20 O 04 1.07 O 22 

e M e -50 O 06 o 1~ o 07 O HO el 77 

1-35 O 05 O 16 O 07 O 70 O 34 

Blanca No 2 O 07 O 17 O 04 1 05 O 31 

e M e -1 O 28 O 10 O 09 O 84 O 45 

r:: M e -3 013 o 11 o 08 072 O 35 

e M C -4 O 21 O 19 O 05 O 58 O 70 

2/ 
Average - O 12 O 16 O 06 O 86 O 37 

Y Samples oí drled cassava. approxlmately 10 percent moisture 

~/ Average at 10 samples 
, 

, -
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TabIe 4 Varlation oE crude proteln contalned ln 87 varleties oi 

cassava 11 

Proceln level, % 
(NZ x 6 25) 

e 00 to 1 CC 

1 00 2 00 

2 00 3 00 

3 00 4 00 

4 00 5 00 

5 00 6 00 

6 00 6 40 

Number of sanples 

, 
~ 

39 

29 

10 

3 

1 

1 

Average ef 2 3 percent protein fer 87 varieties 

11 Samples oi dried cassava, approxlmately 10 percent h~idlty 



pratein nitragen concpnt of c:assava roats. "Llanera" variet',,! I .Ji 

\fuole Root Pu12 Peel 
Date Total Crude NPN Total Crude NPN Total Crude NPN 

of N
2 Prot N2 ProC N2 Prot 

harvest (NX6 25) (~'X6 25) (NX6 25) 

1970 

January 10 89 5 58 70 89 5 50 13 1 48 9 25 86 

February 23 87 5 50 60 50 3 12 25 1 30 8 20 50 

March 10 91 5 68 52 73 4 55 43 1 14 7 10 46 

"March 30 87 5 43 45 73 4 58 34 87 5 43 43 

April 17 1 02 6 35 63 82 5 15 39 1 92 12 00 1 14 

Hay 4 93 5 81 65 85 5 31 48 2 13 ~13 30 

June 3 • 74 4 63 31 56 3 50 26 

11 Maner, J H and A L Daniels 1970 Unpublished data CIAT 

]/ Dry matter containing approximately 104 moisture 



""s~ ....... .., .............................. Q .... ...... ' ............ I~~., ... ' ... ~· .. • .............. 0'" 

of cassavaY 

OVén-
Fresh Sat:lE1e Da llasis dried samEle 

"20 ~ :rutal. ""F"" 1'< NPd N NPN 

1 '4 7- 7- 7- 7- '7. 

CMC-84 

Whole root 63 9 o \6 063 45 20 36 18 

Pulp 64 3 o 12 073 33 17 35 16 

Peel 75 o o 33 160 1 37 67, 78 38 

eMC-50 

Who1e root 70 2 142 068 48 23 40 24 

Pu1p 68 1 099 066 31 21 32 21 

Peel 71 9 200 140 71 50 85 46 

CMC-ll 

Whole root 58 62 '16 ,¿ 81i ~7 I\Q ~b. 

Pulp 58 24 32 20 80 48 65 46 

Peel 64 06 41 29 1 14 81 1 10 80 

!I Maner, J H and A L Danie1s 1971 Unpublished data CIAT. 

Cali, Colomb1a 



TABLE 7 Analysis of the am~no acids of t~o samples of cassava j 

"Llanera" varietyl/ 

Aruno ac ~d Samp1e Sample 
1 2 1 2 

"1 Crude Proteln '7 Protein Nltrogen 

Arglnine 17 10 12 90 44 34 32 26 

Histidlne 60 53 1 67 1 33 

Isoleucloe 77 1 04 1 93 2 61 

• Leuc1ne 1 24 1 52 3 09 3 80 

Lysine 1 54 1 56 3 86 3 90 

l"ethlonlne hC 33 82 

Cystlne 51 hC 1 27 hC 

'T'\.."_,,, __ ..,"'" 0' , AA ~ " ~ - --"" - .... . - Á~ '- ~. 

Pheny la lanine 78 94 1 90 2 34 

Vahne 1 23 1 32 3 08 3 29 

Tryptophan 50 50 1 26 1 26 

)J Maoer. J H 1971 Unpub1ished data 

i 



TAllLE 8 Summary of the results obtained in evaluation surveys of eassava as 

feed for gro\/ing-finishing pigs 1927-1941 

Level Pig Average Faedl Sou"ce 
of \/eight, daily Galn, Author 

1 

Cassava kg galo kg Date 
't kg 

1 20 11-26 O 206 2 65 Mondoiledo ó. Bayon, 1927 I 

I 20 28-40 O 175 6 52 " 
I 

1 • 30 39-62 O 325 6 46 " 
I 
I 

I 20 32-60 O 396 4 76 Mondoiledo, 1928 
! 

l 
10-25 O 559 4 10 Fullerton, 1929 

~. .lv-20 Ü voiS 9 )6 Mondoiledo ó. Alonte 1911 4.) 

24-40 35-82 0609 4 03 Woodman, ~ !!.! ' 1931 

.5 O 420 5 32 Alba, 1937 

10 O 420 .5 38 " 
15 O 400 5 47 .. 
20 O 350 6 01 .. 
15 12-JO O 250 3 51 As1eo, 1941 

20 30-50 O 280 6 35 .. 
25 50-70 O 300 6 86 .. 
15-25 12-70 O 270 5 68 .. 



TABLE 9 Performance of growing-finishing pigs fed diets containing O, 20 

and 407. sun-dried cassava meal 11 

Level of 
cassava 
meal 

O 

20 

40 

Protein 
Percentage 

of the d1e t 

21 O 

20 O 

18 7 

Average 
daily 

gain, Yg 

0.527 

O 544 

O 607 

Feed 
Conversion 
Feed/Gain 

5 29 

5 19 

4 63 

1/ MeJ1a, 1960 Seven p1gS per treatment, initia1 weight 15 2 kg , 

final weight 89-100 kg 



Table lQ C~po5~t~an of basal d~et and prote~n supple~ent ut~11zed ~n 

Exper1nent 1 and 2 

Ingrea~ents 

Soybean meal 

Cottonseed meal 

Corn 

Bone mea1 

1/ 
prc:Ü"A -

Total 

Basal Diee 

7. 
10 59 

3 53 

81 33 

2 00 

2 53 

100 00 

ProteLn Supplement 

'7 
61 50 

20 53 

7 90 

LU vI 

100 00 

11 Contr~buted 2500 1 U vltamln A, 250 I.U vltamln D, 2 5 mg 
riboflavln i2 5 mg nlaCLn, 7 5 mg pantothenlc aCld 125 mg 
chollne chlarLde, 16 5 mg Vlta~ln B12, 50 ng chloratetra

cycllne, 51 5 mg ~n, 2 mg Ca, 4 4 mg Cu, and 45 4 mg Zn 
per kg of finlshed feed ln the control dlet, approxlrnately 4 
t~es thlS amount was added to the proteln supplement 

, 



Table l¡ PrOXlrate a,alJslS of basal dlet, proteln supplement and 

Source 

Basal Protel.n 
Proxlmate Analysls Dlet Supplement Cas sava 

% % % 

MOl.sture 10 84 8 60 63 76 

Protel.n 19 81 42 88 1 04 

li"ibe"" • 8~ 4 M' 1 05 

Ether extraet 4 64 1 67 O 26 
• 

Ash 6 57 14 85 O 85 

Nitrogen-free extract 51 11 20 74 32 02 

-



rabIe 12 Performance of plgS fed basal dlec or raw cassava and proceln 

suppIement Experlment 1 

1 2 '3 
Basal Raw cassava + Raw cassava 
D1et Supple:nent Suoplement 

1 t e m Ad L1b Controlled 

Av dal.! ' 
1/ 

galn,kg - O 765 O i74 O 730 

Av daüy in , wet cassava,kg 3 66 3.84 

n' UCL.I.¿l .. , J YLy 
21 

\..d.::t~4Va.tKg - 1. ." 1 ::>.l 

Av dally ln 
• 

, supplement ,kg 092 O 75 

daily 
2/ 

Av ln , total,kg - 2.69 2 39 2 28 

Feed/unlt galn,kg 3 52 3 09 3 12 

11 Five plgS per treatment, I12-day experunent. Av lnltial wt , 
19 1 kg ,Av flnal wt • 102 8 kg 

11 Intake expressed on a 107. moisture basls 

+ 
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Table 13 Level of proteln suoplenent fed to plgS on control1ed protelf 

1/ intake based on body welght 

Dally (NRC) reqJlre-
ment tor Proteln plus 

Welght of Pig 10% 

Kg lig 

25 O 250 

30 O 275 

35 O 295 

40 O 3LO 

[.5 O 344 

50 O 360 

55 • O 375 

60 O 385 

65 0400 

70 0415 

75 O 429 

80 0444 
:-

85 O 461 

90 0417 

95 O 490 

100 O 509 

• 

Level of 
Supplement 
Fed dally 

Kg 

O 582 

O 641 

O 688 

O 747 

" Qr.? V.<oJv_ 

O 839 

O 875 

O 898 

O 931 

0.967 

1.001 

1.035 

1 075 

1 113 

1.142 

1 188 

11 Levels as lndlcated SU?plled per plg on treatments 3 and 6 oE eX?erl 
mene 3 
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rab1e 14 PerforMance of plgS fed bas~1 cllet or raw cassava and pro-

teln supplement EXperlf'lent 2 

1 t e m 

Av dally lntake, wet cassava, kg 

Av dally .ntake, dry cassava, kg 1/ 

Av da~l¡ lntake, supplement, kg 

Av daily lntake, total kg 1/ 

Feed/unlt galn kg 

1 

Basal 

o 843 

2 89 

3 43 

2 

Raw cassava+ 
Supp1ement 
Ad Lib 

o 834 

4 05 

1 63 

1 17 

2 80 

, 36 

3 

Paw cassu, 
Supplet:lenl 
Controlle, 

o 794 

3 89 

1 57 

o 73 

2 30 

2 'l1) 

11 Flve plgS per treatment, 98-day exper~ment, av inlt.al wt , 17 8 
kg av flnal wt , 98 6 kg 

1/ Total expressed on an approximately 10% mOlsture basls 
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Table 15, Composltlon of proteln supplements fed wlth raw cassava to 

Experlment 3 

Treatoents 1 2 3 4 5 6 
Ingredlents 

1. 1. 7. 7. 'Y. '1 
Soybean meal (S CA'!) 65 00 64 00 64 00 90 00 88 00 88 00 

Cottonseed meal (CSM) 25 00 24 00 24 00 

Bone meal 8 00 8 00 8 00 8 00 8 00 B 00 

Vitamin-trace 
mineral premlX 11 

2 00 4 00 4 00 2 00 4 00 4 00 

Total 100 00 100 \JI) lVV vu lü0 vv ... ::::: ca 1"('), {'\r'\ 
.LV" "' ... 

• 

11 Contributed 3 mg rlboflavln, 11 mg pantothenlc acid, 25 mg niacln, 
125 mg cho1>ne chlon.de, 16 5 .... g vltamln B12, 250 1 U v1tarnul D, 
2500 1 U vltaroln A. 51 5 mg of Mn, 4 4 mg Cu, 2 mg Co, 45 5 mg 
Zn, and 5 mg chlorotetracychne per kg of finlshed faed 
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TabIe 1~ Level of protcln supple,,,,,nt fed to plgS on controlled pro

tein lntake based on body welgnt 1/ 

Indlv:!.dual Dally l.eve1 of 42 88~. Pro-
Requ1.re:"1ent for teln Supplement to 

Welght of PLg Proteln Supply dally requl 

Kg Kg Kg 

25 O 227 O 529 

30 O 250 O 583 

35 O 258 O 625 

40 O 291 O 679 

45 O 313 O 730 

." V 3';. 7 V 163 JV 

55 u .:141 O 795 
.. 

60 O 350 O 816 

65 O 363 O 846 

70 0371 0.879 

75 O 390 O 910 

80 O 404 O 942 

85 O 419 0.977 

90 0434 1.012 

95 O 445 1.038 

100 0463 1.080 

11 Level as indlcated supp11ed per plg on treatment 3 in experlmen~ 1 
and 2 

-
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TabIe 17 Iaf1uenee of prote~n source and vltamin-trace m~neral level 

of growing-f1nlshlng p1gs fed raw cassava Expenment 3 

Proceln Source 

Vlt -trace 
Mln-Sl.lpplenent 
Method red 

SOM + eSM 

Av dall)' 
!(g Y 

galn. 

Av dally lntake, 
fresh cassava, kg 

Normal 
Ad-LJ.b 

O 687 

3 89 

Av dady lntake '2/ 1 38 
dry cassava, kg -

AV. daily lntake O 83 
supp1ement, kg 

~ 

Av dally ~ntake, 2 21 
total, kg l/ 

Feed/u:llt galn, 3 22 
kg 

Percent Proteln 17 20 
in Diet Cons ." ,,, 

2 X 
Normal 
Ad-Llb 

O 657 

3 65 

1 30 

O 91 

2 23 

3 38 

18 60 

2 X 
Normal 
Control 

O 614 

3 50 

1 25 

O f, 7 

192 

3 10 

15 80 

11 Sixteen plgS per treacment, 8 plgS lU eaeh 
day experiment, Av .nitial wt , 23 O kg 

1J Cassava caleu1ated on 10 percent mo~sture 

}jomal 
Ad-LJ.b 

O 627 

3 41 

1 21 

n 70 

1.91 

3 03 

17.50 

s O M 

2 X 
Normal 
Ad-Llb 

O 661 

3 67 

1 31 

Q .,~ 

~ 

2 04 

3 07 

17 40 

2 X 
Normal 
Control 

O 618 

3 60 

I 28 

n 5~ v 

1 89 

3 06 

15 40 

of two repllcation3, 84-

basis 
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rabIe 18. Composlt~on of proteln concenrrates to supplement fresh cas-

Prote~n SUEElements 
Ingred~ents 1 2 3 4 5 6 

% l. í. i. 'í. • l. 

Coro 11 20 26 80 11 20 33.00 25 00 29 60 

Soybean meal 78 10 

Meat meal 70 50 44 30 21 30 

alood meal 20 00 20 00 

Gottunl:leed ITIt:!a.t. 78 10 ......... rol"\ -" "" .JV vv .>u uu 

F~sh meal 36 70 

Bone meal 8 00 8 00 1 00 1 00 

V1tamins and mmerals.Y 2 70 2 70 2 70 2 70 2 70 2 70 

Total 100 00 100 00 100 00 100 00 100 00 100 00 

Crude Protein Analyns,% 43 00 4944 37 75 48.50 44 69 40 25 

1/ !he vitanln and mineral premlx supplled the following quantitles per 
kilo of flnlshed dlet vltamln A, 2633 1 U , vltamln D3. 287 1 U • 
rlboflavlna, 4 6 mg • pantothenlc aCld, 10 12 mg , niacln, 33 75 mg , 
Calcio, 1350 mg • Bll, 24 95 mg , ~~ , 52 65 mg , Cu, 12 03 mg , 7n, 
67 57 mg • clorotetracycllne, 27 35 mg and salt 6 75 gro 

-



Table 19 Perfornance of grmnng-hn,sh,ng tngs fed prote" supp1e-e-¡ts 

oi dlfferent proteln sourees 

Treatr.lent1J 

Fresh Cho?ped Cassava plus 

1 SM 

2 11M 

3 CM 

5 ¡,ru + B'1 .;. CM 

6 FM+CM 

Av 
dnly 
galn 

Cm 

723 

684 

592 

724 

679 

Av dally 
cons fresh 
cassaval:/ 

Kg 

4 00 

3 40 

:; 13 

3 86 

4 00 

4 08 

Av dally 
cons 
suppl 

Kg 

o 80 

o 78 

o 79 

o 9' 

o 90 

o 79 

Feedl 
Gauo]/ 

Kg 

3 25 

3 07 

3 38 

3 32 

3 38 

3 47 

I , Average 
~ 

687 3 75 o 83 3 :31 

II SM 15 soybean meal, MM 15 meat meal, CP 15 cottonseed meal. B'1 lS 
blond meal and FM 15 flSh meal 

1/ Expressed on 65 pereent mOlsture or 35 percent dry matter baS1S 

1/ Calculated on la percent mOlsture basls 
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Table 20 CO'pos1t~on oE exper~mental d~ets conta1n1ng d1fferent 

levels of cassava weal 

Ingred1ents 

1/ 
Dr1ed ground yuca-

Ground yellow corn 

Soybean meal 

Cottonse~d meal 

Céi~lt! ú101ass¿s 

Bone meal 

Vitam1n-trace- 2/ 
m1neral prernl.X-

1 

% 

81 31 

7 69 

7 00 

2 00 

2 00 

2 

% 

25 72 

51 43 

11 85 

7 00 

2 00 

2 00 

Expenment 5 

D 1 e t s 
3 4 

7. % 

48 65 69 25 

24 33 

16 02 19 75 

7 00 7 00 

2 00 2 00 

2 00 2 00 

5 6 7 

% % % 

21 70 41 04 

69 00 43 38 20 52 

10 00 13 92 17 45 

7 00 7 00 7 00 

'" ~a '" "" '" 00 .~ .~ ~~ .v 

2 00 2 00 2 00 

2 00 2.00 2 00 

8 

7. 

58 2, 

20 71 

7 OC 

,,, 
'" .~ 

2 OC 

2 OC 

Tota1s 100 00 100 00 100 00 100 00 100 00 100 00 100 00 100 OC 

l/ Dr1ed 1n forced-air oven at 180°F 

1/ Contr1buted the same concentrat1on of vitamins and trace minerals 
as in prem1x 1n Tab1e 10 
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Table 21 lnfluence of level oí cassava meal on performance of grc~~ng 

f~nLshLng plgS 

Results Jj Av dally Dally feed Feed/unlt 
Tr~atnents gall'l, kg tntake, kg. gaLn, kg 

1 Basal O 172 2 68 3 47 

2 25 72% cassava O 744 2 66 3 57 

3 48 65% cassava O 743 2 79 3 76 

4 69 25% cassava O 708 2 48 3 49 

5 Basal+lO% molasses O 888 3 38 3 84 

Ó .a 707. cdssavaT~v% mOLa~ses O 327 2 95 3 56 

7 41 047 cassava+IO% nolasses O 777 3 00 3 85 

8 58 26% cassava+l0% ~olasses O 767 2 73 3 54 

1/ SlX plgS per treatment, llI-day experlment, Av ~nitial wt • 18 5 
kg ,Av fLnal wt , 104 8 kg 



Tabie 22, Co~pos4tlon of Proteln SuppleMent ut111zed wlth Cassava 

Sllage fer Growlng-fl~SlhlGg PlgS 

Ingredlents 

Com 

Bone Meal 

Vum:nn and lhneral Premu< 

Total 

407 Proteln Suoplerent 

11 20 

78 10 

8 00 

2 70 

100 00 



rabIe 23 Cassa,a s~lage far gro"lng-f~nlshlng SWlne 

Treatnent 

Proteln supole:::-ent plus 

1 Fresh chopped cassava 

2 Cassava roat s~lage 

Av dally 
lntake oí 

fresh cassava 

kg 

4 04 

3 84 

3 Root and fallage $lage 3 05 

Av ciad! 
lntake 
suppl 

kg 

1 00 

1 01 

1 05 

Av dally .. V 
, clght 
galn 

gm 

750 

770 

640 

Feed~/ 
galIl';;: 

kg 

3 43 

3 25 

3 52 

11 F~ve plgS per treat~ent, Av lnltlal ~e~g~t 1834 kg ,Av í~na1 
wt 98 8 kg Length of trIal, 112 days 

11 Ingredlents expressed on approxl~ately 107 ~o~sture hasls 



Table 24 Conpos1t1on of D1et and Supplements used for GestatLng Sows 

...!.- 2 3 
16% 40% 40% 

Treatments Control Supplement Fed Supplement Fed 
Olet on Pastute ] n CQUflneí".ent 

GrouJld Corn 74 80 

• Soybean neal 18 00 64 08 66 75 

Cottonseed ceal 20 53 20 53 

lodl.zed &alt O 90 

CalCl.Uffi Caroonace O :;0 

Bone meal 3 00 7 90 7.90 

Vl.t and H1n Preml.X 3 00 7 49 4 82 

Total 100 00 100 00 100 00 

f 
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Table 25 Vlta"n-Trace Mineral Prernlx Used in Ratlons for Gestatlng 

¡ Sows fed Fresh Cassa,a 
f 

Ingredients 

Vitamin A (325 000 1 U I~ ) 

Vltarnln D3 {200,OOO 1 U Igm } 

RlboflaVin, 40% 

Calcium Pantotenate (70 6 gm Ikg ) 

Nl.acl.n, 50! 

Collne chloride, 25% 

Manganese Sulfate 

Copper Sulfate 

Zinc Sulfate 

Aurofac 10 (10 gm Ikg ) 

Ground coro 

Total 

quantlty per 100 kg 
Control Dlet 

1 B4 

o 15 

2 25 

47 79 

15 00 

300 00 

22 50 

5 25 

37 50 

150 00 

2.358 16 

3 000 00 
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Tab le 26 Fres~ cas5ava ln gestat~on in pasture and conflnerent 

1 kg 1 7 Kg f~esh 3 1 r..g ::resh 
Control cassé!va+O 4 cassa,a-IJ 62 
dlet kg guopl hg s u",):> 1 

Treatments daily- p-oteln on protell. 10 
oasture Das ture c:ontlf'¿;-'er.t 

No oi SOWS served ,No 10 10 10 

No of 50""';-5 farrowlng ,~o 9 7 7 

Av sow wt at serv~ce ,kg 165 8 163 6 152 8 

Av sow "t at 30 days,kg 172 6 173 O 170 6 

Av sow wt at 60 days,kg 181 4 180 8 183 O 

Av Sol.' wt at 90 days,kg 182 1 185 1 190 2 

Av so'" "t at 105 days,kg 185 7 188 5 190 S 

Av sow ga~n gestatlon,kg 19 9 24 9 37 7 

Av $OW <;.;t 24 hrs post-partum kg 164 3 163 9 171 q 

Av so'" .. t 21 days post-uartum,kg 171 O 176 9 182 , • 
Av so'" wt 35 days post-partum,kg 177 5 1716 182 3 

Av sow ga~n, lact ,kg 13 2 7 7 8 4 

Total no plgS born ,No 97 84 54 

Total no plgS born dead,No 3 14 O 

Total no plgS born al1.ve ,No 94 70 54 

Av no pigs per litter ,No 10 4 10 O 7.1 

Av no plgS at 21 days ,No 8 6 7 3 6 9 

Av no p~gs at 35 days,No 8 3 7.3 6 9 

Av buth wt ,kg 1 28 1 12 1 18 

Av 21 day \oIt ,kg 4 24 3 61 3 84 

Av 3S day wt ,kg 6 94 6 as 6 49 
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Table 27 Compos~t~on cf d~ets and supplement used for lact~tlng sows 

Cassava meal 

Ground corn 

Cane molas ses 

Soybean meal 

SaU 

Eon~ nlt::d. J. 

Ca1c~urn carDonate 

AfS1.11n.U 

Total 

Control 
d~et. 16% 

81 35 

15 00 

O 50 

:< 50 

O 15 

O 50 

100 00 

Cassava meal 
diet. 16% 

59 20 

10 00 

27 l,O 

O 50 

2 40 

O 50 

100 00 

1/ Cornmercial Vitam~n and trace m~neral prem~x 

40% ?roteL 
supplement 

87 10 

1 61 

~ 06 

1 61 

100 00 
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'rabIe 28 Proportlo~ oi cassava and supp1ement for 167 prote¡n ratlon 

Fresh cassava 1/ , kg 40 percent prote.n sunplement, ,g 

1 00 0.16 

2 00 O 32 

3 00 048 

4 00 O 64 

5 00 0.80 

6 00 O 96 

7 01) 1 12 

8 00 1 28 

9 00 1 44 

10 00 1.60 

1/ Based on cassava contalnlng 35 percent Qf dry matter basls and 
2 41% proteln 
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Tabla 29. Perxoroa,ce of Lactatlng SOWS Fed Fresh and Drled Cassava 

Dlets 

Treatments 

No of S O'.J S , No 

Av number plgS at blrth,No 

Av number plgS at 35 days, Ka 

'!ortality, % 

Av "t at 35 days, kg 

Av lntake creep dlet,kg Iplg. 

1 
16/. 

Control 
Diet 

13 

10 B 

9 O 

16 4 

1 18 

6 03 

o 302 

Av "t of sows 24 hrs post-partum 179 3 

Av \oIt oE sows at 21 days. 187 9 

Av wt of sows at 35 days 

Av sow galn .kg 

11 Av daily lntake cassava-,kg 

Av daily lntaka supplement.kg 

Av total dally lntake, kg 

190 3 

110 

4 82 

11 Cassava canta.ns 35 percent dry matter 

2 
16'7. 

Drlad 
Cassava 

10 1 

7 9 

22 4 

6 80 

o 530 

170 6 

177 .2 

183 O 

12.6 

5 24 

3 
407. Proteln 
Supplecnent, 

Fresh Cassava 

16 

9 3 

7 6 

18 1 

1 30 

7 63 

o 368 

158 3 

165 8 

165 8 

7 5 

6 50 

1 21 

3 74 
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FIGURE 1 Growth Curves of Treatment Groups in Experiment 1 
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FICC'tE 2 Average Daily VoluO:tary Consu=rptio"'1 of Cassnva and Pt'ate.in 
Supplemeot Fed Free Choice, Calculated at Wcekly Intervals 
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