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CASSAVAINSWINE FEEDING 

Swine require large quantities of energy and moderate quantities of 

protein for growth and development. In the leading pork producing areas, 

large supplies of grains available at a reasonable price provide this 

energy source. In other countries, production of cereal grains is 'insuf-
',' 

ficlent for human and anlmal needs. Many of these countries, however, 

have the potential or are already producing large quantities of other feed 

sources that, tf properly fed and supplemented, could support a large and 

efflclent swinelndustry. One feed source with a great unrealized poten-

tial in many tropical areas in Manlhot esculenta Crantz, commonly known 

as cassava, yuca, manioc, tapioca or mandioca. 

Cassava 1s grown in the lowland tropics throughout the world, 

generally between latitudes 30o N'and S and almost always below 1800 meters 

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

delineate regions of production because of the frost sensitive nature of 

the plant. Cassava has a wide range of ~daptab11ity, resistance to 

drouth, tolerance of poor so11s and relat lveease of'cul tivation. As 

there are varieties adapted Oto near1y every so11 type and degree of an-

nua1 rainfall, the plant offers an almost un1imited production potentia1. 

Large quantities of cassava are now being produced util1z1ng a wide 

range of genera1ly unimproved genetlc materials and under very poor 

agronomic conditlons. 

The annua1 world productlon of cassava, as reported by FAO (1970), 

was 90,958,000 metrlc tons. These figures may not, however, reflect an 

accurate production b'ecause cassava, except a<ro~nd a "few -cities, is not 

a "cash" or "plantatlon" ¿ropo Most of thé"crop ls 'produced on small farms 

ln small acre'ages' and many times as"a "back-yard" sta pIe for home consump-

tion. Of the total world production, approximate1y 39 percent ls produced 
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in the Latin Aaeric.n countrie., with 33 percent'or 30,074,000 metric tona 

of the world'. tot.l b.la¡ produc.d .nnu.lly in Br.zil. 

Althouah c •••• v. i. ninth in terma of world productlon of .11 crop •. 

• nd fifth in world production of troplc.l crop., ita importanc •• nd pot.n­

tl.l ••• f •• d crop ln th. troplc.l r.aion. throuahout th. world i. not 

widely r.coanl •• d by r •••• rch.r •• nd live.tock produc.r.. C~I'.V., oth.r 

root cropl, .nd th. plant.inl .re • major .ource of c.rbohydr.tea for th. 

human population of both Latin Americ •• ud Afric.. !he u.efulne .. and 

potential of ca •• ava for lupportin¡ an animal indu.try in the ...... regiona 

ha. not b •• n alv.n th. attention de •• rved by either reae.rch.r. or produc.r. 

of livutock. 

n.ld. 

Prel.nt farm yi.ld. of c •••• v ••• reported ln .aricultur.l st.ti.tics 

.re aen.r.lly low, ranaing from 3 to 30 tona per hect.re. Some v.rieties 

requir. 16 to 20 montha to mature, yet v.rietlel .xist th.t wlll yield up 

to 78 ton. of frelh c •••• v. ln experim.ntal plota in 10 months (Varon, 1968). 

Given the wide r.nae .nd diversity of genetic materi.ls av.ilable in the 

vorld and the e •• 8 vith which c.ss.v. c.n be .exu.lly cro.sed, the develop­

ment of nev v.rietie •• nd str.in. should offer import.nt opportunities 

for incre.sed production. Once these improved, dise.se resist.nt strains 

and v.ri.ties have been aenetic.lly formed, their continual propagation 

and g.netic purlty c.n be e •• 11y maint.lned bec.use the pIant is normally 

reproduced veaet.tiv.ly from Item cuttings. 

Yields .lre.dy re.lized experiment.lly (ICA-1969) indic.te that the 

total calorlc output per hect.re per year of vel1 manaaed, improved cas­

sava 1& up to 3 tim!!s th.t of such crops a.s ric!! and corno 

One kilo of fr!!sh cassava containina 35 perc!!nt drymatt!!r has a 

gross energy va1ue of approximate1y 1225 ki1oca1ories. A yearly pr~duc-
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tion of 75 metric tons of cassava per hectsre will yield 91.8 mil11an 

kilocalories. Future yields viII possibly far surpass those of presently 

produced and these ~ncreases viII be accomplished through selection and 

genetic improvement and by improved agranomic practlces. 

Chemlcal Analysia 

The fresh cassava root contains on the average 65 percent molsture. 

and 35 percent dry matter (table 1). The pulp or internal portion of the 

root contains slightly more dry matter than the peeling (37.8 vs 27.8%) 

and represents approximately 86.8 percent of the total root wlth the rema in­

Ing 13.2 percent made up by the pee11ng (table 2). The percentage composi­

tion of pulp and peel doea not vary significantly with increasing maturity 

of the root. 

The cassava root contributes basically carbohydrates (energy) to the 

diet of humans and animals. An average of 30.84 percent of the fresh root 

is nitrogen-free extract, composed mainly of starch and sugar (Table 1). 

The nitrogen-free extract fraction of cassava consists of approximately 

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

18 present in variable amounts and sorne varieties may contain, up to 5 

percent (Brautlecht, 1953). The fundamental unit of the starch molecule 

is d-glucose, as this is the only monoaccharide obtained on total hydrol­

yais. The two chief constituents of starch are amylose, which i8 non­

branching in structure, and amylopectin, which consists of highly branched 

chains. According to Kerr (1950) and Johnson snd Raymond (1965), cassava 

stsrch 1a sbout 20 percent amylose snd 70 percent amylopectin • 

Cassava cantains only small quantities of fiber (1.45%) snd is almost 

devoid of ether extract (0.29%). The ash content comprises only about 

1.5 percent of the total root (TabIe 1). The 1evels of calcium (0.12%), 

phosphorous (0.16%), sodium (0.06%) and magnesium (0.37%) are generally 
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low (table 3). Aa in the situation with most root crops, the potassiwn 

level ia relatively high (0.86%). 

The majority of the varieties now being produced contain very small 

quantities of nitrogen. The crude protein (N2 X 6.25) content of the 

majority of the varieties tested do not exceed 3.0 percent when expressed 
. 

on an air dried basia (approx. 10% mbisture). However, other varieties 

have been reported to contain higher levels of crude protein. Beck (1969) 

reported an African variety that contained 9 percent crude protein and 

Jaramillo and Herrera (1970) have reported a world collection qManihot 

Carthasenensis that contained 15.4 percent crude protein when expressed 

on a moisture free basis. Maner (1969) has reported varieties that contain 

up to 2.33 percent crude protein in the fresh root or 7.25 percent when 

expressed on a moisture free basis. 

Further atudies by Maner and Daniels (1970) clear1y indicate that all 

of the nitrogen present in the cassava root is not in the form of true 

protein. Data presented in Table 5 demonstrates the high nitrogen content 

of sample~ of the variety "Llanera" which were harvested at approximately 

biweekly intervals foe a period of about five months. The total nitrogen 

in the whole root varied from 0.74 percent to 1.02 percent during this 

period of time (4.63% to 6.35% crude protein). From the same table it 

e.an be se en that the level oi total nitrogen is higher in the peel than 

in the remaining portion of the root but the internal portion contains 

4 to 5.5 percent crude protein. Tricloroacetic acid (TCA) treatment of 

samples of root clearly indieate that 50 to 60 percent of the total nitrogen 

present is non-protein-nitrogen and does not precipitate. The percentage 

of non-protein-nitrogen is higher in the peel than in the pulp (Table 5). 

Similar results (Maner and Daniels, 1971) have been obtained on three 
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other samples that are knoWn to produce higher levels of hydrocyanic acid 

(HCN) (Table 6). These results do not agree with those reported by 

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

root was true protein and that 87 percent of the nitrogen of the peel was 

true protein. 

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

nitrogen fraction of 15 cassava varleties show that the total content of 

nitrates, nitrites and HCN represents only about 1.0 percent of the total 

nitrogen. It appears from these studies that aspartic and glutamic acid 

may be present in the root as free amino acida and represent a portion 

of the non-protein-nitrogen that is not precipitated with TCA. 

The amino acid content of two samples of cassava root of the Llanera 

variety are presented in Table 7, expressed as a percentage of the crude 

protein and of the true protein. The levels of several essential amino 

aelds sueh as lysine and tryptophan are very promising and compare favor­

able with those observed in opaque-2 corno However, the level of the 

sulfur-eontaining amino acids methionine and cystine are extremely 

deficient and limiting. 

Aceording to Close!l!l. (1953), the protein of cassava meal eontains 

the fo11owing amino acids; 4.4% aspartic aeid, 2.1% threonine, 1.9% serine, 

12.7% glutamie aeid, 1.6% proline, 2.4% glycine, 4.6% alanine, 2.6% valine, 

0.6% cystine, 1.0% methionine, 2.0% isoleucine, 2.9% leueine, 1.6% tyrosine, 

2.3% phenylalantne, 3.5% 1ysine, 0.5% tryptophan, 10.4% ornithine, 1.2% 

histidine and 3.7% argin1ne. Sruramamurthy (1945) also reported that the 

essential amino acids present in the total protein (1.33% in the samp1e) 

are arginine 7.74%. histidine 1.50%. isoleueine. 5.33%. leucine 5.56%, 

lysine 6.23%, methionine 0.60%, phenylalanine 3.45%. threonine 3.83%, 

trypto phan 0.53% and vaHne 4.517 •• 
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Toxic Factor 

The presence of a toxic factor in casssvs presents some problems in 

its use as animal feed. The toxicity of the casssvs roots and leaves la 

due to the presence of a hydrogen compound of cysnogen (C2NZ) that is com­

monly known as hydrocyanic acid (RCN) or prussic acld (Oke, 1969). Free 

hydrocyanic acid as such ia not found in hea1thy growing plants, but develops 

when normal growth has been retarded or stopped by drought or other adverse 

climatic conditiona or by the bruising or chopping of the roots snd 

1eaves. HCN is usua11y formed by chemics1 reaction between two substances, 

s glucoaide and an enzyme contained in the planto Neither che glucoside 

nor the enzyme ls poisonous by itself (Couch, 1932). The two B-glucosides 

identified in cassava are linamarin and 10taustralin. The glucosides 

consist of a chemical cambination of sugar and hydrocianic acid with 

perhaps another compound such as an aldehyde or ketone. Linamarin is com­

posed of hydrocyanic acid, glucose and ketone and only when 1iberated 

chemica11y la the hydrocyanic acid poisonous. 

The degree of toxicity of cassava roots has been wide1y discussed 

and differences of opinion existo A complete review of the role of 

hydrocyanic acid in nutrition has been made by Oke (1969). 

In anima1s the symptoms of acuCe hydrocyanic acid poisoning are 

increased rate and depth of respiraCion, fncreased pulse rate, no 

response co stimuli and spasmodic muscular movements (Oke, 1969). Most 

of the symptoms of HCN poisoning can be explained on the basis of its 

affinity for metal ions such as copper snd iron. lt combines wiCh 

hemoglobin to form cyanohemoglobin which is not an oxygen carrier. HCN 

also forms a reversible cambination with Che copper of the cytochrome 

oxidase which thereby inhibits its functions as an oxidative enzyme in 

e1ectron transfer and provides che classic example of histotoxic anoxin 

• 

• 
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(Petera and Van Syke, 1931). These chemlca1 abnormallties cause neuronal 

depression in the medu11ary centers which 1eads to respiratory degression 

and death. Hydrocyanic 8cid is therefore a vio1ent protoplasmic poison 

for all forms of life. 

A1though acute HCN toxicity is a problem, of greater toxicological, 

physiological aud uutritiona1 importance 18 the continued lngestiou of 

small quantities of hydrocyanic acid. These 8mall quantities are not 

1arge enough to cause death, but affect the general health and condition 

of the sub ject. 

The body has the ability to detoxify varying quantities of HCN, the 

total quantlty varying according to epecies, physical ~ondition, nutrient 

conaumption and probably other unidentified factors. lt has been postulated 

that an enzyme ca1led " r hodanase" is responsible for the reaction of nydro­

cyanic acid with thiosulfate or colloidal sulphur under aerobic conditions 

to produce the detoxification product thiocyanate. The enzyme is widely 

distributed in all tissues with the highest concentration in the liver. 

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

the liver as the chief site. The detoxification of HCN appears to be limited 

by several nutrients but mainly by the availability of sulfur since Himwick 

and Sanders (1948) calculated that at 1east for the dog the quantity of 

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

the skeletal muscles 1763 g of cyanide in 15 minutes. However, these same 

authors have shown that the actual rate of detoxification for the dog is 

much 1ess than would be expected based on enzyme concentration. lt has 

been found that the injectlon of thiosu1fate will increase the minimal 

lethal dose by a factor of 3 or 4. On the other hand injection of other 

sulfur sources such as cystine, thiourea, or sodium sulfide are not effective. 

The ineffectiveness of these latter compounds in reducing acute HCN toxicitv 
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when injected is probab1y due to the slowness in which they are converted 

to thlosu1fate, since Wood and Cooley (1952) have shown that tabeled 

SCN lB produced when cyanide is administered with labe1ed 35s_cystine. 

It has been proposed that rhodanase formB a 10Be combination with 

thiosulfate which breaks down to yie1d Bu1fur in a form that can be 

accepted by the ~yanide ion. The rhodanase Bystem i8 not,the onty route 

of detoxification through which thiocyanate can be formed from cyanide. 

It has been found that B-mercaptopyruvic acid can provide sulfur as 

rspidly as thiosu1fate for cyanide detoxiflcation. 

Vitamin Bl2 has a1so been postulated to play s diract or indiract 

role in cyanida datoxificacion. A dietary deficiency of vitamin Bl2 

tesds to sn incresse in thiocyanate excretion. Injection of sub-lethal 

doses of eyanide inco rats causes a siguiflesnc depletion of tiver stores 

of vitamln Bt2 , indicaCing Chat lt ls an importsnc detoxifying agent 

dudng cyanide poisonlng. It has been shown Chat vltamin B12 is not 

necessary for the converslon of eyanide to thioeyanate through the aetion 

of rhodanase or 3-mercaptopyruvate sulfur-ersnsferase. Therefore, it ap­

pears that the best explanatíon for ehe effeet of vitamin B
l2 

in cyanlde 

detoxificatlon ia that Che cyanlde cOIIIblnesresdUy with the hydroxyl 

form of vitamin Bl2 , hydroxocabal~mln, snd through this compound the 

cyanide i8 incorporated into Che l-carbon metabollc pool probably in 

the form of formateo This ls the pathway that is significant1y impaired 

in a vitamin B12 deficiency. 

It therefore appears that the differences in toxicity reported may 

be in many cases explalned by the presence or absenee oí sllbstances such 

as methionine, eyatine, sulfur, vitamin B12' iodine and other elements 

such as copper and iron. At the same time, symptoms related to the 

deficiency of methionine, vitamin Bl2 and iodine that have been reported 

to occur when dietary levels of these nutrients were apparently adequate, 

• 

• 

• 

• 
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may be explained by the presence of sub-lethal levels of HCN which 

reduced the efficiency and proper metabolic utilization oi nutrients. 

Severa1 methoda of processing can be utilized to reduce HCN toxicity. 

Some of these methods are more effective than others. Drying in a forced 

air oven, at moderately high temperatures (70-80'C), boiling in water 

and sun drying have been practiced. 

OVen drying in the absence of moisture drives off the free HCN and 

destroys the enzyme ltnamarinase which is neeessary for hydrolyzing the 

glucoside to form HCN. Dry heat has little tf any effect on the glucoside 

present and thu8 this is consumed 1n the caasava root. If it ls true 

that HCN ia slowly released from the glucoside in the stomaeh through 

the action of hydrocloric acid hydrolysis, then small but metabolicly 

significant quantities of HCN will be absorbed from cassava that has 

been ,roceased in th1s manner. 

B0111ngin water destroya the free HCN along with the anzyme, lina­

marinase or 11nase, as well as causlng • reduction of the total glucoslde 

whlch is soluble in water. If bol1ing 18 rapid and continuad for only . 

short perioda of time, significant quantitiea of glucosides m.y remain 

in the caas.va root, eausing chronic ingest10n of HCN when this cassava 

is consumed. 

Shredding, mixing and sun drying offers a practical and effective 

way of reducing both the HCN and glucoside level. This process initiates 

the action of the enzyme on the glucoside to cause a release of HCN. 

If drying i8 accompliahed over a period of several days much if not most 

of the glucoside will be hydrolyzed to release HCN which i8 disipated 

into the airo 
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Harvesting, Storage, Feeding and Process1ng 

Some of the greatest problems in using casallva are related tolla'rVest­

ing, atorage, processing and feeding. 

The root system of the p1ant, whlch must be harvested, is deep 

irregular in its p1acement and genera1ly extends over awide area. 

large and flbrous stalks,must be removed before the roots can be 

harvested. Mechanical harvesting methods have not yet been developed 

and harvesting la usually manual. In damp, lighter so11s, hand harve.t­

ing ls not a dlfflcult task. Drier and more compact soils present some­

what of a problem if the roots are to be removed intacto Manual harvest 

will probably not be a deterrent to efficient utilization on small opera­

tions but might become a 11miting factor if large quantitles are required 

daily on farms with large numbers of swine. The use of a tractor equip­

ped with a single bottom plow to expose the roots may be advantageous. 

lt wou1d be preferable to have a machine to dig and lift the roots out 

of the ground. A machine similar in design to a potato digger but with 

greater depth range and heavier structure might be effective. 

Caasava in its fresh, high moisture state cannot, under mosttroplcal 

environments, be stored for more than 3 to 4 days without the onset of 

fermentation and deterioration. Even under refrigera,tion, which ls cost1y, 

it cannot be conserved In satisfactory condition for more than 2 to 3 

months. lt must be harvested two or three times per week to assure a 

satlsfactory, palatable product for feedlng as it has been demonstrated 

that spolled or fermented cassava will not be consumed at 8 level adequate 

to support optimum growth, and if consumed, will cause digestive disturb­

ances and reduce consumption. 

• 

• 

• 
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In its fresh, wet condition, caSsava can be efficiently used to feed 

swlne. It ls generally better to wash the harvested cassava to remove 

the bulk of the soil, although this is not essential, and to chop, shred 

or grind the root before it is fed. Because of the fairly rapid rate of 

fermentation of cassava and especially of the ground or chopped material, 

it should be offered daily to the pigs in quantities controlled to supply 

all that the animal will voluntarily consume but not at a level that will 

leave an excess of unconsumed material. lf the fresh cassava l. to be 

used in the swine operation, alternate plantings at 2 to 3 month intervals 

will assure an adequate and stable supply of an acceptable producto 

Grinding, shredding, or chopping of cassava roots can be accomplished 

in many ways. lf small quantitles are needed a knife or machete is the 

most simple method. lf larger quantities are required, a mechanical 

grinder or shredder should be used. A commercially available soil shred­

der has satisfactorily reduced the size of the whole root to pieces suf­

ficiently small that they are well accepted and consumed by the pig. 

Temporary storage of the roots can be accomplished by leaving the 

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

must follow processing. The roots can be either dried or ensiled. They 

can be dried either mechanically or by exposure of the chopped or shred­

ded material to the sun in thin layer. on large tray.. lf the moisture 

content 15 reduced to 10 percent or less, the dried root can be safely 

stored for as much as ayear. 

The roots alone or in combination with the leaves can be success­

fully ensiled and maintained for some time if the material i5 stored in 

smal! air-tight sllos or plastlc containers. 
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Cassava in Swine Feeding 

Studies to measure the feeding va1ue of cassava roots as an energy 

(carbohydrate) source for pigs have been reported in the 1iterature since 

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

1923: Mondoftedo y Bayan. 1927: Mondoftedo. 1928: Fu11erton. 1929; Howie, 

1930: Mondoftedo y Alonte. 1931: Woodman!! !l •• 1931: Alba. 1937: Asi· 

cO. 1941; ZArate. 1956: Oyenuga y Opeke. 1957: Mej1a. 1960: Moebe. 1963; 

Maner y Buitrago. 1964: Castillo et al •• 1964: Peixoto. 1965: Lang et . -- -
!l •• 1965: Maner y Jim~nez. 1967: Maner.~!l •• 1967: Aumaitre. 1969: 

Shimada. 1970: y Maner, 1971). 

As can be seen from the summary of resu1ts of studies carried out 

between 1927 and 1941 to eva1uate cassava as a feed for growing and 

finishing pigs (Tab1e 8) the maximum level of cassava that had been 

incorporated into the diet was 40 percent. In the majority of the cases 

the level of productlon wss low snd feed required per unit gain was high. 

However. these data compare favorable with the results obtained on control 

diets which were also much lower than would be acceptable today. Because 

of the advances that have been made in nutrition since these early 

studies were carried out. more favorable results would not be expected 

under the conditIons under which the studies were conducted. These 

data are then more of historical interest and are of very little nutri· 

tional value today. except as similar feeding conditions may exist in 

les s developed swine productian systems in the tropics. 

In afrlea. Oyenuga and Opeke (1957) uti1ized 40 and 55 pereent 

« 

• 

, . 
dietary cassava for growing and finishing pigs. respective1y. The 

fresh cassava was fed either raw or boiled to the pigs along with a sup-
• 

plemented dry feed souree that supplied protein, energy and minerals 

but was not supp1emented with vitamins. The pigs were hand fed three 
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times per day, in an attempt to equalize nutrient intake of cassava fed 

antmals and control animals fed sorghum (guinea corn) based diets. From 

these studies the authors concluded that cassava has a feeding value tor pigs 

equal to-thatof sorghum and that raw cassava was highly palatable and equal 

or superior to cooked cassava. 

In a later trial at the same station (Modebe, 1963), sorghum or corn 

was replaced by sun dried cassava meal at 32, 37 and 40 or 42, 47 and 50 

percent of the diet for pigs weighing 23-36, 37-55 and 55-75 kg, respectively. 

The pigs fed the lower levels of cssssvs meal (32, 37 snd 40%) grew at a 

rate that was not different from that of the control (0.491 vs 0.482 kg day) 

or from that of the higher leve1s of cassava meal (0.491 vs 0.473 kg/day). 

Feed consumption was not different between the different treatments 

nor was it optimal for any of the groups (4.38, 4.39 and 4.51 for the 

control, low and high cassava groups, respectively). 

Levels of 20 and 40 percent sun-dried cassava Meal was used by Mej1a 

(1960) to replace a similar quantity of corn in rations for growing-finish­

ing pigs. As seen from the summary of these results presented in table 9, 

the growth rate of the piga was similar with that of the 40 percent cassava 

fed pigs higher than the control. These results do not indicate that cassava 

has the ssme or superior nutritive va1ue as corn, because al1 diets contained 

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

These results do however indicate that the energy value of cassava is 

similar to that of corno 

Aumaitre (1969) compared the feed1ng va1ue of corn, wheat,barley and 

oats to that of dried cassava meal. The 20 percent protein diets were fed 

to baby pigs between the agesof S and 9 weeks. Maximum performance were 

obtained with cassava (416 g/day) as compared to bar1ey, oats, cora and wheat 

(386, 380, 354 and 360 g/day, respectively). lt was reported that the 
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improvement due to cassava substitution was due to a reduction in the 

frequency of diarrhea observed in the pigs. TIte results of a digestibi1!.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 M.S., respectively) which compare closely to a digestible 

energy value of 4185 for caSSBva meal. 

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

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

inadequate numbers of pigs were employed for statistical analysis, the 

general results of the study indicate that up to 44 percent cassava 

meal can be used to replace corn without causing a reduction in overall 

performance. TIte highest level of substitution caused both reduced 

gains and efficiency of feed conversion. 

Cassava silage was used by Castillo, et al. (1964) to replace corn --
in di~ts for growing pigs. Forty percent of the diet was supplied by 

cassava silage and the remaining ingredients were added to provide a 

diet similar to that of the corn-based control. Because of the low 

level of crude protein present in the cassava silage, higher levels of 

supplemental protein were provided by protein of higher nutritive value, 

providing a final diet of higher protein quality than that provided by 

the corn-based control. Although the performance of all pigs in the 

stedy was relatively low, pigs fed the cassava silage diet gained faster 

and required less feed than those fed the corn dieto In the opinion 

of the authors cassava silage is a satisfactory feed for growing swine. 

Exten·sive studies on the value of cassava meal, fresh cassava and 

cassava silage as feeds for swine in life-cycle production systems have 

be en carried out at the Palmira Station of the Colombian Agricultural 

• 

• 

• 
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lnstitute and in collaboration with the International Center for 

Tropical Agriculture (Maner and Buitrago, 1964; Maner and Jimenez, 1967; 

Maner, Buitrago and Jimenez, 1967; Man~r, Buitrago and Gallo, 1970; 

Maner, 1971; Maner and Danie1s, 1970; Mesa and Maner, 1971). 

The cassava used in,studies 1, 2, 3 and 5 was a mixture of several 

varieties commonly eaten by'humans and was grown at the palmira Experi­

ment station of the Colombian Agricultural Institute (lCA). That 'used 

in experiments 4, 6, 7 and 8 was a high yielding variety. "Llanera", 

grown at the same station. The fresh cassava was harvested two or three 

times weekly to prevent apoilage and to insure a palatable feed. After 

harvest the caasava was washed to remove the soi1 and chopped daily as 

required. Cassava for the initial studies was chopped using a large 

knife (machete); a soil shredder was later used for chopping. The dried 

cassava mea 1 was prepared from fresh choppe'd cassava by first drying at 

lBO°F in a forced-air OVen for 24 to 36 hours or by exposing it to the 

sun in thin layers in large drying pans and subsequently grinding the dried 

material. 

Growing-Finishing Triala 

Fresh Cassava 

The cassava and protein supplements for all growing-finishing trials 

using fresh1y choppped cassava were fed in automatic metal feeders, and 

all cassava not consumed by the pigs within 24 hours after feeding was 

collected, weighed and discarded. 

Experiment 1: Fifteen weanling Duroc pigs weighing an average of 

lB.l kg. were used in an experiment with a completely randomized designo 

The piga were a110tted to the three treatment groups on the basis of sex 

and litter and maintained in pasture lots of pangola grass. Each lot was 

equipped with a shade over a concrete slab. Feed and water were supplied 
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according to treatment in automatic feeders and vaterers • !he threetreat-

.. ntl vere: 

l. A ba.al dlet of com, soybean meal, cottonseed meal, bone meal, 

and vitamin-trace mineral premix offered ~ libitum. 

2. IAv, chopped cassava fed ~ libitum and a protein .upplement 

also offered !2 libltum. 

3. Rav, chopped cassava fed ~ libitum and a protein supplement fed 

daily in quantities sufficient to supply .inimal dally requl~e-

ments. 

The camposition of the basal diet and the protein 8upplement are; 

presented in Table 10. The basal diet vas calculated to contain 16 P*r-
cent crude protein, but laboratory analysis indicated a level of 19.81 

percent and the protein supplement contained 42.88 percent protein (Table 

11). The cassava contained 63.75 percent moisture and 1.04 percent crude 

protein. 

The performance data are presented in Table 12 and Figure l. The pigs 

',o on both the control diet and those receiving the rav cassava plul protein 
"í 

!"" .upple .... nt free choice arev at a satisfactory rate and efftciency and 1,:" ., 
',: 

performance of both treatment groups vere similar. The group of pigs 

receiving raw cassava,but with quantities of protein supplement controlled 

to supply the minimal needs of the pig (Table 13), grev at a slower rate 

than either the control or raw cassava plus free-choice supplement groups. 

Efficlency of feed conversion vas not different between the tvo yuca 

groups, both of Which vere more efficient than the corn-soybean control 

group. 

The piga offered chopped cassava and protein supplement free choice 

con.umed much more protein than would be normally required (Figures 2 

• 

• 
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and 3). The pigs choose a diet containing an average of 25.3% protein 

during the initial week of the experimento This level of consumption of 

protein, brought about by an over-conaumption of the protein supplement, 

and concomitant 'reduction in cassava consumption was gradually reduced 

to approximately 16.5 to 16.9 percent during the final weeks of the 112 

day trial. These data indicate that the pigs were consuming the dry pro­

tein supplement to fulfi1l partially their daily energy needs that were 

not being met by their daily level of consumption of fresh, chopped cas-

sava. 

Experiment 2: Fifteen Duroc pigs with an average body weight of 

17.8 kg. were randomly allotted to the same treatments described in 

Experiment l. This experiment duplicated Experiment 1 except that the 

piga were fed in confinement and without access to pasture. 

The performance data are presented in Table 14. The growth rates 

of the basal group and the c.ssava group offered protein supplement free 

choice were very similar, 0.843 and 0.834 kilograms daily gain, respec­

tively. The efficiency of feed utilization was not greatly different 

for the two groups. The group receiving caSSBva plus a controlled amount 

of protein supplement (Lot 3) consumed les s fresh cassava and only 0.75 

kilogram of protein supplement daily as compared to 1.17 kilograms 

consumedby the free choice group. As a result, this group had 4.7 per­

cent slower daily gains but required 15.9 percent less total feed to 

produce a kilo of gain when compared to the free choice group. This 

controlled protein feeding in effect resulted in a restriction of total 

feed consumed, which has been shown to improve feed efficiency. 

The growth curves of the three treatment groups (Figure 4) demon­

strate that the pigs consurning both cassava and 42.88 percent protein 

.supplement free choice gained as rapidly as those receiving the 16 per-
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eent protein eorn-soybean meal control dieto In doing so, however, they 

voluntarily eonsumed a ration that was excessive in protein (see Figure 

5 and 6). The implieations of the exeessíve consumption of protein sup­

plement observed in this experiment as in Experiment 1 are not readily 

apparent. These data may indicate that the stomaeh eapaeity of the pig 

is not great enough to consume enough fresh cassava to meet the daily 

energy requirements and therefore energy needs are met by an over­

eonsumption of protein supplement or that eassava eonsumption is low due 

to poor palatabil1ty of the fresl¡, raw cassava. 

Those pigs fed controlled quantities of protein supplement (Lot 3) 

grew at a slightly slower rate but converted the feed more effieiently 

and eonsumed a diet lower in protein. Redueing the daily eonsumption of 

protein supplement, however, failed to inerease the daily eonsumption 

of fresh eassava. The improved efficíency of feed conversion of treat­

ment group 3 could be the result of restrieted feeding and/or to more 

efficient utilization of the protein supplement assoeiated with the 

elimination of excess nitrogen. 

Experiment 3: Ninety-six Duroc and Duroe-Landrace crossbreed pigs 

weighing an average of 23 kilograms were divided aecording to weight, 

sex, litter and condition to 12 outcome groups of 8 pigs each. These 

outcomegroups were then allotted to six treatments, each with two replica­

tions. Each group was fed fresh, chopped cassava daily to allow volun­

tary consumption, and the excess was removed, weighed and disearded eaeh 

morning before offering additional cassava. Two basie protein supplements 

with two.levels of vitamin-trace mineral supplementation (Table 15) were 

compared. A combination of eottonseed mea1 and soybean mea1 was eompared 

with soybean meal alone, both with a normal level of vitamin-trace mineral 

supp1ementation and with two times this normal level. Supplements 2 and 

... ~ 

• 
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5 were offered ad libitum (Treatments 2 and 5) and in daily rations (Treat­

menta 3 and 6) calculated to exceed the pig'. daily protein requirements 

(National Research Council, 1964) by 10 percent (Table 16). 

The pigs were housed in 2.5 x 8 meter concrete lots during the entire 

84 day experimental period and body weight changes and protein supplement 

consumption were recorded for each lot at weekly intervals. Cassava con­

sumption was recorded daily. 

The performance data are presented in Table 17. The average daily 

gaina and growth curve. (figure 7) were similar for all groups fed either 

of the basic protein supplements free choice. There was no consistent 

advantage of adding higher than recommended levels of vitamins and trace­

minerals. The average gains obtained from the groups fed controlled 

daily rations of protein supplement were not different between treatments, 

but were inferior to those recorded from pigs receiving ad libitum quanti­

ties of either supplement. 

Average daily intakes of wet cassava were similar, varying an aver­

age of only 480 grama between the highest and lowest average daily consump­

tion (3.89 to 3.41) as indicated in Table 17 and Figure 8. Higher daily 

intakes of protein supplement were observed among the groups fed ad 

libitum the combination of cottonseed meal-soybean meal (CSM and SOM) 

when compared to che groups offered voluntary consumption of the supple­

ment containing only soybean meal (SOM). As a result of this higher daily 

consumption the CSM + SOM groups required more total feed (cassava + sup­

plement) to produce a unit of gain. Feed required to produce a unit of 

gain was not different among the SOM group. nor between the groups receiv­

ing controlled quantities of either supplement. 

lt was observed that the pig does a fairly acceptable Job of 
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balancing his diet when offered fresh, chopped cassava and protein sup-

plement free choice (see Table 17). Young pigs, when they are initiated 

on such a diet, however, will greatly overeat protein supplement as 

indicated in Figure 9. Limiting the daily consumption of protein supple-

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

Research Couneil's published requirements did not result in an increase 

in daily eassava eonaumption. These data confirm results from the previ-

oua studies which seem to indicate that there 1s an upper limit of about 

an average of 4 kg. daily that the pig will consume over the grow1ng-

finishing periodo The pig tends to overeat protein when ealculated over 

the entire experimental periodo This over-eonsumption ls, however, 

basieally, a1though not eomplete1y, the result of exeessive eonsumption 

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

voluntary eonsumption of wet eassava inereases pro~ressively from 

weaning to market weight, and the daily voluntary consumption of pro-

tein remains almost eonstant over the entire period (Figure 8). 

Experiment 4: The first three trials demonstrated the effeetiveness 

of soybean oi1 meal or this meal in combinatíon with cottonseed meal as 

a protein supplement for growing-finishing pigs fed fresh, ehopped cas-

saya. These ingredients are not, however, universa11y available, 

especia11y in the lowland tropics. This experiment was conducted to 

evaluate a large variety oi protein sources as potential supp1ements 

for cassava in order to broaden the app1ication of'these data over a 

wider area. 

Forty eight Duroc x Landrace weanling pigs with an average initíal 

weight of 19.2 ki10grams were a110tted at random according to weight, 

sex snd litter to six treatments with two replications each. The pigs 
• 

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

in automatic waterers. The cassava was supplied fresh daily and was chop-
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ped in a loil ahredder before feeding in automatic feeders. !he six 

experimental protein lupplementa teated were also fed free choice in 

separate feedera. !he camposition of the aupplements utilized and 

laboratory analylia for crude prote1n for each are .presented in Table 18. 

Fresh caslava consumption per lot was recorded daily and body weigbt 

changea and protein lupplement consumption were recorded at biweekly 

intervals. !he piga were maintained on thele experimental diets for 

111 daya snd weighed an average of 9S kilos each at the termination of 

the trial. 

!he pigs fed freah, chopped casssva with a protein supplement of 

good quality performed similarly and satisfactory (Table 19 and Figure 

10). The highest growth rates were obtained from the aupplements contain­

ing cambinations of either, soybean meal, meat and blood meals or meat, 

blood snd cottonaeed meals. Inferior but not significantly different 

performance s were obtained from pigs conauming meat meal alone or a 

combination of fiah meal and cottonaeed meal. Sign1ficantly alower gains 

were reeorded when cot~on.eed meal aupplied the only Bource of protein. 

These results from the cottonaeed meal supplement might be expected as 

cotton.eed meal 1s deficient in lys1ne and can contain levels of a pigment, 

gossypol, which is toxie to the pig. As seute toxieity symptoms were not 

observed, the depression 1s probably related to protein quality and 

especially to a lyaine defieieney. 

lbe aver... daily conauaption of fresh chopped cassava val atailar 

880BI .olt of tbe group. (Table 19 aDd Figure 11) except the aeat .. al 

.. 4 tbe cottonleed meal groups and correlpended cloaely to the 4 ka. 

daily conau.ption previoally obaerved in otber atudiel. !he reason for 

tbe lover conlumption of tbele two groups ia not readily apparent, 



eapecially for che meat meal group; however, the lower consumption 

recorded by the cottooseed meal group could be related to the protein 

quality of the aupplement. 

22. 

Average daily co08umption of protein supplemeot was 0.83 kg when 

averaged over a1l treatmenta aod vas similar for all groups (Table 19 

and Figure 11), although slightly higher for those piga fed cambioation 

of either meat and blood meal. or meat, blood, and cottonseed meals. 

The variable daily consumptions of cassava and supplements had 

little effact on ovarall feed conversion which averaged 3.31 for all 

treatment groupa. The variation in the analyzed 1evel of protein io the 

various 8upplementa and the variation in dai1y casssva conaumption 

(Figure 11) did, however, appreciably effect the percentage of protein 

consumed in the ration (Figure 12). The piga on all treatment groups 

over-consumed protein during the entire experimental period and especially 

during the firat 14 to 28 days. The increased consumption of protein 

observed during the last 28 days of the trial waa associated with a 

reduced consumption of cassava. The original field of cassava ~sed to 

tnitiate the experiment was terminated during the time and a new lot 

was introduced. Although this new lot was the same variety seeded at 

the same time aod with a similar chemical composition, the quality. of 

the cassava was inferior. The roots were smaller and more stringy and 

aa a result, dai1y consumption was greatly reduced in all lots. These 

obaervations clearly indicate the necessity of using good qua lit y cassava 

for maximrum daily consumption. 

Dried Caasava 

The dried cassava used was first waahed to remove the 80il and then 

chopped in a 8011 ahredder. This chopped material was placed on wire 

• 
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sheIvea and dried in a foreed-air oven at 180°F to a final moisture eontent 

of approximately 10 pereent. Thia dried material was then reground in 

a hammermlll before belng mlxed ln the final dieta. Casaava mealprepared 

in thi, manner 18 a flDe powdery and dusty material. 

Experiment 5: Dried easaava meal was ineorporated iDtO camplete­

bslaneed dieta to meaaure its vaIue as an energy aouree and as a substi­

tute for eorn in growing-finishing awine dieta. !he eassava meal waa 

aubatituted tor 33, 66, and 100 percent of the corn in the basal, 16 

percent proteln, corn-cottonaeed meal - soybean meal diet and the protein 

level equalized in these dieta by varying the proportion oí eorn and 

soybean mea1. !he level of cotton.eed mea1 waa held contant at 7 pereent 

ln all diets to avoid problems of goasypol toxieity. Since the cas8ava 

meal 1. duaty, the same four treatment dieta were repeated adding 10 

percent caDe molasaea to reduce duatlnesa and to measure its effect on 

palatabillty and feed eonsumption. The campoaitlon of the dieta are 

presented in Table 20. 

Forty-eight weanling plgs with an average initial weight oi 18.5 

kg. were allotted aceording to weight, sex, litter and coudítion to the 

eight treatment group8. The pigs were houaed ln confinement on concrete 

and fed and watered ~ libitum duriug the entire 111 day experimental 

perlad. 

!he summary of performance data ls pre8ented ln Table 21. Each 

inerease ln 1evel oí dried cassava resulted in a corresponding deerease 

ln average dally gain with or without 10 percent molasses. These 

deerea8es in galns were not caused by decreaaed feed intake as the 

average daily voluntary conaumption among treatments wlthout added 

molas sea were not different. Adding 10 percent molaases increased 
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d.l1y leed con.uaptlon by 13.7 percent .nd .upported • 9.8 percent iu­

cr.... lu aver.ge d.lly g.ina vhen treac.ent. vlth .ud vithout mol ••••• 

ver. coap.red. A8 contr •• ted to the tre.t.ent. vlthout mol •••••• in­

craa.lag th. c .... v. level in th. pre •• ne. of mol ••• e. resulted in a 

dacre.s. in .v.r.ga d.lly con.umptlon. r.ed coav.r.ion v •• aot sre.tly 

dilfereat a.oag tre.t ... t •• 

The ov.r.ll qu.llty of the prot.ln v.. ~rov.d in th. dlet. •• the 

c...... replac.d coro .ud tha proportion of .oyb ...... 1 va. incre ••• d 

.0 th.t tha depre •• ion in .ver.sa d.lly g.ln v •• prOb.bly dlr.ctly •• -

.ocl.tad vlth the c •••• v. fr.ction of the diet .ud could po •• lbly be 

••• ocl.t.d vlth th. utillz.tlon of the c.rbohydr.t ..... inl, .t.rch. of 

the dri.d c •••• v.. Th. lov level of fib.r pr •• ent ln the c •••• v •• hould 

not ar •• tly .ft.ct lt. utlliz.tlon. 

ca..... S11 ••• 

C •••• v •• il.g. va ... d. froa th. root •• lone and froa • coablnation 

of th. root ••• t.1k. and le.ve.. Tbe root .1l.se v •• prepared by chop­

plna ch. Iraah root. lu ••• 11 .hradder to ... dium-fln. p.rticl •• ize 

(0.5 to 2.0 .. di ... t.r) and placins thl. fre.h chopped .. terial in air 

tlsht pla.tlc b.S.. The root plus st.lk .nd l •• f .11.se v •• prep.red ln 

•• 1ail.r manaer. vlth the whole plant belDS put through the soil ahred­

dar. Tbe particle aize for the roots in both ailag •• vere al_il.r. hov­

... r. bec.uae of th. fibroua nature of the atalk. the particle aize of 

thi. portion v •• larger. Both of theae allage preparatlona produced 

adequate fer.entatloa for ator.ge and vere ln excellent conditlou vhen 

fed. 

Expert.ent 6: Becauae of the limlted quautlty of allage available. 

15 piga vare uaed in the experimento Tbe.e pigs. averaging 18.34 kg ln 

, 



• veight, vere raudomly allotted to the three treataeut group •• The 

tre.t.euta vere: 

1) Fresh chopped c ••• av. plu. protein supplement. 

2) Ca ••• v. root .ilage p1u. protein aupplement. 

3) Caasava root, leaf and .ta1k .ilage plua protein .upp1 ... nt. 

Tha proteln supplement usad la pre.entad ln T.ble 22. Cotton.aed 

me.l vaa u.ad .8 the only 'ourca of .upplemeut.l protein. 80th the 
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proteln 8upplement and the c •••• v. prep.ration. vere fed free-choice in 

.ep.rate feedera. 

Tbe feed conaumptiou .ud performance d.t •• re pre.ented ln T.ble 

23. Aver.ge dsi1y conaumption of protein aupplement vaa not differeut 

~ treataent groups, aver.ging 1.02 kg over all groups. o.ily con­

sumption of root silage va. similar to that of freah chopped caasava. 

Tbe inclusion of ehe atalka .nd leavea, hovever, greatly affacted dal1y 

conaumption of the .nole plant 8ilage, reducing it by approximately 25 

percent. lbia reduced consumption of whole plant si1age vaa reflected 

in average 6ai1y gaina whlch vere reduced by 14.7 percene when comp.red 

to the control. fresh chopped caasava ration. Tbe root sllage supported 

gainl aqual to thosa produced by ireah chopped cassava. raed requlred 

per unlt gain vaa not dlfferent amang treatments. 

It a"pear. that the lnclusion of the sta1k in the whole pl.nt silage 

reduced the acceptability of this silage by the p18. Tbe hard, fibrous 

nature of the stalk prevents e8sy mesticatlan and increased selection 

and .eparatlon of the silage. lt i6 suggested that the root. and the 

leaves be ensiled for plg8 but that the stalks not be included. 
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GeataUII3 _a ahould be aatntabaed 1n • th1n eoad1tioa and naver 

.11.,.,ad to beecae f.t. To prevnt tha a_a fram bec0ll1na too heavy, 

thay are U8u.lly 1~1t fed 4&11y 1n iDdiYidual faedina at.lla. Sova 

aa1nt.inad in conf~t noraally require .boat 1.82 to 2.5 kiloa (4 

to 5.5 pouada) of • e_plete feed eoatainina 15 to 16 ,.~c .. t ,roteia • 

.. c ...... ia seaerally a poor aoaree of ,rotein, it .uat b8 ,roparly 

auppl_ntad vith protda, vit_ina aud m1aerale. Tbia auppl_t.Uoa 

cea be eupplted by a .pecially prepared hiSh protein feed or ,rote in 

auppl_lIt. 

A feedi .. laYel of 1.82 kiloa (4 lb •• ) of a 15 pereent ,roteill feed 

viII provide .pprox~tely 273 sr ... of crude protein. 

1.82 kg x 151 - 273 Ir .... 

Therefore, a ratioa of freah ca.aava plul proteia .uppl .. ent mu.t provide 

the .... 4&ily intake of protain and dry .. tter. A deily ratioa of 620 

sr .. a of 40 pareeat protein auppl_nt and 3.1 kilos of freah caa.ava 

containiq 1.0 percent protein viiI .upply 279 grama of crude proteia. 

Suppleaaent: 0.62 kg x 401 - 248 grama 

Caa.ava: 3.10 kg x 11 - 2!. grama 

Total proteln: 279 grams 

Theae -- quantities of eauava (35 pereent dry aatter) aud aupple-

meIIt (10 percent dry matter) will also aupply approximately 1.82 kiloa 

of air-dried feed (approx:l.mately 10 pareent mo1sture). 

$ovs en good pasture will consume forage to meet a portion of their 

4&ily feed requirementB. Therefore, they require leas daily 8uppl..-utal 

feed to aeet their nutrient needs. 

• 

• 

¡ 
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Experúaent 7: !htrty Duroc x LaDdrace gilts aDd sova were al10t­

ted by velght aDd previous racord at the tlme of servlce to the three 

treacment group.. Equal numbers of .ova in each group were bred to the 

aa.e boar. All aovs and gilts were bred on pasture and received a kilo 

of the control dlet until bred. At the tÚDe of serviee the aova were 

moved eo the appropriate erorral and atarted on One of the following 

three treatmenta: 

l. Sowa vere maintained on pasture and received 1 kg of a 16 per­

cent proteln cor-soybean mea1 diet daily. 

2. Sowa vere maintained on pasture and received 1.7 kg of freah, 

chopped cassava and 0.4 kg of a 40 percant protein supplement 

daily. 

3. Sovs were maintained in confinement on concrete and reeeived 

3.1 kg of freah, ehopped eaasava and 0.62 kg of a 40 pereent 

protein supplement daily. 

!he eomposition of the diets and supplements used are presented in 

Table 24. !he eomposition of the vitamin-traee mineral premix ls pres­

entad in Table 25. 

AIl sova fro. tha tÚDe of farrowing until veaning were fed ~ 

libitum a standard 16 pareent protein cron-soybean meal dieto 

!he perfonaance data for the three sov groups are presentad in 

Table 26. As can ba seen from ehese data, the aova maintained in eon­

finement and fed 3.1 kg of fresh cassava and 0.62 kg of protein sup­

plement gained appreciably more during gestat1an than the other tvo 

treatment groups. !hese sovs farrowed 1ess pigs per litter which re­

sulted in a corresponding lover average number of pigs weaned per litter. 

Birth weights and weaning weights of these groups were similar. 
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Sova fed caaaava aud aupplemeat OD paature farroved 10 live plg8 

par lteter aa caapared to 10.4 plgs per lit ter recorded for the control. 

Although ita nutrltlonal aigntftcsace ia aot knowa, the cassava fed aOVa 

.. iataiaed oa pa.ture produced an increased aumber of .ti11 born p1g8 

(16.7 perceat). 

Although additioaa1 iuformatlon ls needed, te wa. demonstrated that 

fre.h ca •• ava can be succe •• fully lncluded a. an eaergy lource for ges­

tatlas sowa .. latatued on pasture or ia confia ... at. 

Lactatlon Trial 

Drlad aad Freah Ca •• ava 

Sov. must produce large quantltlea of mllk tf they are to produce 

haavy littera at veaulag. Thetype of diet offered and the quantlty of 

feed conauaad greatly influancea the mllk production of the lactating 

.OV. During lactation, sova are generally fed to appecite to maintaln 

.iIk productlon aud prevent exce •• ive body veight losa. lt va. of in­

t.ra.t to date~iDa tf ca.aava ia both lt8 freah fora and dried and 

ground iato a meal couId .upport adequate production When ineorporated 

lato ratioD' for lactatiag aova. 

Experiaant 8: Forty-four aova vere assignad at parturition to [hree 

traatment groupa to evaluate fresh and dried callava aa aa energy souree 

for lactating aovs. The diet. and protein supplemeat used for the three 

nutrltloaal traatmenta are presented in Table 27. Dieta l and 2 vere 

complete .ixed, dry dieta and vere suppliad !2 liblt~ in .elf-feeder. 

during the antire 35 day lactatian. SOW8 on treatment 3 vere offered 

daily a mixture of freah, choppad caasava aDd proteia .upplemeat. Theae 

tvo ration ingredient8 vere mixed in proportiona that vould provide 8 

16 percent protein ration. The proportiona u.ed are presented in 

• 

• 

< 

• 
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Table 28. The proper a1xture of eupplemeut aud cas.ava was obtained by 

coabiuiug 1 kg of freah, chopped caeeava with 0.16 kg of 40 perceDt 

proteln euppl .. ant. Each 80W wa. allowed ~ llbltua coneumptlon of thls 

mixture iD a self-feeder pre.ent in the farrowing erate • 

All plg1 were weaned at 35 day8 aad body weight changas of the plgs aad 

the .ow wera recorded. Coneumptlon of c.ss.v •• ad suppleaant wa. re­

corded daily .ud con.uaption of the othar two diets va. recorded at 21 

and 35 daye. 

Perforaance data for the .owa aad pigs are preseated in Table 29. 

Because of chance, sows .llotted to the fresh cassava treataeut f.rrowed 

leas aad allghtly heavler plg.. Tbi. reduced auaber of plg. at farrow­

ing reeulted in a corresponding lowar average uumber at veanlng at 35 

days, a. percent.ge mortality from blrth to weanlug va. similar ln all 

group. and only elightly higher in group 2 • 

Average weaalng waighta were lovast for plg. fro. the control aowa 

aud he.vle.t for plg froa tha fre.h ca •• ava fed .ow.. Theae re.ult • 

• tght be expected ln con.lder.tion of the ... ller lltter. of the fre.h 

c •••• v. groap aad the diffareneee .re prob.bly aot ae.ocl.ted vlth treat­

ment. Ibe dried ca •• av. treat .. nt group. vere iateraediate in vaaning 

velght. 

SOW8 fed the drlad cae •• v. dlets consumad aa average of 5.24 kg. of 

dlet datly a. compared to the 4.82 kg. consumad by the control aowa. 

Sows fed the fre.h ca •• av. aad .upplement ration consumed leBs air-dried 

thau either of the complete, dey dlet groups. Theae aowa consumed an 

avarage of 6.5 kg. of freBh ca.sava aud 1.21 kg. of 40 percent protein 

aupplement per day. 

Average sow body valght gains vere not different in group. 1 and 2 

(11.0 v •• 12.6 kg.) .nd only slightly inferior in treataent J (7.6 kg.). 
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Table l. Proximate analysis of 15 Colombian cassava varieties ]J. 

Nitrogen-free-
Variety -Moisture Protein Fiber Fat Ash extract 

% % % % 'L 'L 

Llanera 67.90 2.33 0.97 0.18 0.95 27.67 

Sant.a Catalina 64.76 2.14 1.16 0.24 1.00 30.71 

H-50 66.71 0.56 2.03 0.35 1.71 28.58 

Tolima 61.85 0.40 1.35 0.25 1.54 34.61 

e.H.C.-50 60.61 1.55 1.09 0.36 1.11) 35.07 

1-35 Brava 61.21 2.06 1.18 0.31 1.03 34.14 

Blanca No. 2 62.70 1.25 1.02 0.29 1.36 33.36 

• C.M.C.-l 62.18 1.97 2.16 0.30 2.49 30.89 

C.M.C.-3 61.50 1.70 1.77 0.24 1.38 33.34 

C.M.C.-4 67.59 1.71 3.46 0.35 1.59 25.27 

Seis Meses Com1in 65.35 0.67 1.00 0.43 1.29 31.35 

Amarilla 64.16 0.59 1.64 0.33 1.81 35.90 

Tempranita 77 .32 0.63 1.07 0.24 1.58 19.17 

_ La Respetada 62.84 1.03 1.02 0.22 1.36 33.49 

Bartolita 68.81 0.18 0.77 0.25 0.94 29.05 

• 
Average 65.03 1.25 1.45 0.29 1.43 30.84 

• 

1/ Nutrition Laboratory - lCA 



TABLE 2. The effect of callava maturity 

1/ percentage-pulp and peel 

DIlte of 'L~ matter 
harveat whole root pulp 

1970 

February 23 34.6 37.3 

Harch 10 34.9 37.3 

Karch 30 41.1 41.3 

AprU 17 33.9 35.2 

Average 36.1 37.8 

in the dry matter content and the 

'L Comeosition 
peel pulp peel 

22.8 87.3 12.7 

25.0 87.1 12.9 

36.1 86.6 13.4 

27.5 86.1 13.9 

-
27.8 86.8 13.2 

1/ Kaner, J. H. and A. Henao. 1970. Unpub11shed data. 

• 

, 

• 

• 

• 
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Table 3. Mineral content of 10 Co1ombian cassava varieties ll. 
• 

Phospho- Potas-
Variety Ca1cium rus Sodium sium MalÍgji.nes ium 

% % % % % 

Llanera 0.06 0.17 0.05 0.92 0.40 

Santa Catalina 0.09 0.15 0.04 0.66· 0.40 

H-50 0.14 0.23 0.04 1.30 0.33 

Tolima 0.06 0.20 0.04 1.07 0.22 

C .M.C. -50 0.06 0.15 0.07 0.80 0.22 
• 

1-35 0.05 0.16 0.07 0.70 0.34 

· Blanca No. 2 0.07 0.17 0.04 LOS 0.31 

e.M.C.-1 0.28 0.10 0.09 0.84 0.45 

<!'.M.e.-3 0.13 0.11 0.08 0.72 0.35 

C.M.C.-4 0.21 0.19 . 0.05 0.58 0.70 

2/ 
Average - 0.12 0.16 0.06 0.86 0.37 

1./ SampIes of dried cassava, approximately 10 p.ercent moisture. 

~/ Average at 10 samples. 

• 

• 
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TabIe 4. Variation of crude protein contained in 87 variet1es of 

cassava 1/ . 

11 

Protein level, ~ 
(N2 x 6.25) 

0.00 to 1.00 

1.00 2.00 

2.00 3.00 

3.00 4.00 

4.00 5.00 

5.00 6.00 

6.00 6.40 

Average of 2.3 percent protein for 

Samples of dried cassava, approximately 

Number of samplee 

4 

39 

29 

10 

3 

1 

1 

87 variet1es. 

10 percent humidity. 

I 

I 

• 

• 

.. 

-
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tABLE 5. !he effect of cassava maturity in the total nitrogen and non­

protein nitrogen content of cassava roots, "Llanera" varietyl/,'l/ 

Who1e Root Pul!! Peel 
Date Total Crude NPN Total Crude NPN Total Crude NPN 

of N2 Prot. N2 Prot. N2 Prot. 
harvest (NX6.25) (NX6.25) (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 

May4 .93 5.81 .65 .85 5.31 .48 2.13 13.30 

June 3 •• 74 4.63 .31 .56 3.50 .26 

1/ Maner, J. H. and A. L. Daniels. 1970. Unpublished data. elATo 

1/ Dry matter containing approximately lOl moisture. 



TULE 6. Total nitros- nd _-protein nitrosen coatent of three v.deU .. 

01 c ...... li 

Whole root 

Pul, 

.. el 

CIIC-60 

Pul, 

QIC-ll 

Whole root 

Pu1p 

Peel 

'n '_p1. 
12'> • Total , 
63.9 

64.3 

76.0 

70.2 

61.1 

71.9 

58.62 

58.24 

64.06 

i 

0.16 

0 • .12 

0.33 

,142 

.099 

• 200 

.36 

.32 

.41 

IfJllf 

.063 

.073 

.160 

.068 

.066 

.140 

.24 

.20 

.29 

If 

.45 

• 33 

1.37 

.48 

.31 

.71 

.86 

.80 

1.14 

.20 

,17 

.67 

.23 

.21 

.50 

.57 

.48 

.81 

.36 

.35 

.78 

.40 

.32 

.85 

.69 

.65 

1.10 

.18 

.16 

.38 

.24 

.21 

.46 

.54 

.46 

.80 

11 Manar, J. H. aud A. L. Daniel.. 1971. Un~b1i.hed data. CIAT. 

CaH, Col_bia. 
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TABLE 7. Aaa1yais of the amino acida of two sampleB of casBava, 

"Llanera" variety.!! 

Amino acid Sample Sample 
1 2 1 2 
'f Crude Protein t Protein Nitrogen 

Arginine 17 .10 12.90 44.34 32.26 

Hiatid1ne .60 .53 1.67 1.33 

I101eucine .77 1.04 1.93 2.61 

Leucine 1.24 1.52 3.09 3.80 

Lysine 1.54 1.56 3.86 3.90 

Methionine NC .33 .82 

Cystine .51 NC 1.27 NC 

Threonine .86 1.00 2.16 2.51 

Phenylalanine .78 .94 1.90 2.34 

Valine 1.23 1.32 3.08 3.29 

Trj'ptophan .50 .50 1.26 1.26 

.!I Maner, J. H. 1971. Unpublished data. 

• 

• 



TABLE 8. Summary of the resulta obtained in eva1uation aurveya of easaava as • 

feed for growing-fini8hing piga. 1927-1941. 

Leve1 Pig Average Feed/ Souree 
of weight, dally Gain, Author 

Casaava kg. gsin kg. Date 
'1. kg. 

20 11-26 0~206 2;65 Mondolledo & Bayon, 1927 

20 28-40 0.175 6.52 " 

30 39-62 0.325 6.46 " 

20 32-60 0.396 4.76 Mondolledo, 1928 
• 

10-25 0.559 4.10 FU11erton, 1929 

25 10-20 0.068 9.56 Mondolledo,6o A1onte, 1931 • 

24-40 35-82 0.609 4.03 Woodman, ~ .!!. , 1931 

5 0.420 5.32 Alba, 1937 

10 0.420 5.38 " 

15 0.400 5.47 " 

20 0.350 6.01 " 

15 12-30 0.250 3.51 Asieo, 1941 

20 30-50 0.280 6.35 " 

25 50-70 0.300 6.86 " • 
15-25 12-70 0.270 5.68 " 

• 



• 

• 

• 

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

and 401 sun-dried cassava meal.!/ 

Level of 
cassava 
meal 

O 

20 

40 

Protein 
Percentage 

of the diet 

21.0 

20.0 

18.7 

Average 
daily 

gain, kg. 

0.527 

0.544 

0.607 

Feed 
Conversion 
Feed/Gain 

5.29 

5.19 

4.63 

!/ Mejla,l960. Seven pigs per treatment; initial weight 15.2 kg., 

final weight 89-100 kg. 



Tahle 10. Composition of basal diet and protein supplement utilized in 

Experiment 1 and 2. 

Ingredients 

Soybeán meal 

Cottonseed meal 

Coro 

Bone meal 

Vitamins-t=ace mineral pr¿mix 11 

.. Total 

Basal Diet 

% 
10.59 

3.53 

81.33 

2.00 

2.55 

100.00 

Protein Supplement 

% 
61.50 

20.53 

7.90 

10.07 

100.00 

11 Contributed 2500I.U. vitamin A; 250 I.U. vitamin D; 2.5 mg. 
riboflavin; 12.5 mg. niacin; 7.5 mg. pantothenic acid: 125 mg. 
choline chloride: 16.5 mg. vitamin B12: 50 mg. chlorotetra­

cycline; 51.5 mg. Mn: 2 mg. Co; 4,4 mg. Cu; and 45.4 mg. Zn 
per kg. of finished feed in the control diet; approximately 4· 
times this amount 'was added to the protein supplement. 

. 

• 

• 

• 

• 
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Table 11. Proximate analysis of basal diet, protein supplement and 

cassava utilized in Experiments 1 and 2. 

Source 

Basal Protein 
Proximate Analysis Diet Supplement Cas.ava 

• 
'7. '7. '7. 

Moisture 10.84 8.60. 63.76 

Protein 19.81 42.88 1.04 

Fiber 3.86 4.40 1.06 

Ether extract 4.64 1.67 0.26 
~ 

Ash 6.57 14.85 0.86 

Nitrogen-free extract 51.11 20.74 32.02 

• 

• 



Table lZ. Performance of pigs fed basal diet or raw cassava and protein 

supplement. Experiment l. 

1 2 3 
Basal Raw cassava + Raw cassava + 
Diet Supplement Supplement 

. 1 t e m Ad. Lib. Controlled 

1/ 
0.765 0.774 Av. da11:' gain ,kg.- 0.730 

Av. da11y in., wet casaava,kg. 3.66 3.84 

Av. daUy in •• dry 2/ 
cas~ava,kg.- 1.47 1.53 

Av. daUy in., supplement,kg. 
~ 

0.92 0.75 

Av. dally 
2/' 

in., total ,kg.- 2.69 2.39 2.28 

Fee4/unit gain,kg. 3.52 3.09 3.12 

1/ Five pigs per traatment; l12-day experúnent; Av. initial wt., 
19.1 kg.; Av. final wt., 102.8 kg. 

1:/ Intake expresaed en a 10% moisture bada. 

• 

• 

• 

• 

• 



rable 13. Level af protein supplement fed ta pigs on controlled protein 

intake based on body weight l/o • 
• 

DaUy (NRC) require- Level of 
ment for Protein plus Supplement 

Weight of Pig 10% Fed daily 

Kg. Kg. Kg. 

25 0.250 0.582 

30 0.275 0.641 

33 0.295 0.688 

40 0.320 0.747 

43 0.344 " 0"" .... >oJ'V-' 

50 0.360 0.839 

35 
~ 

• 0.373 0.875 

60 0.385 0.898 

• 65 0.400 0.931 

70 0.415 0.967 

75 0.429 1.001 

80 0.444 1.036 

83 0.461 1.075 

90 0.477 1.113 

95 0.490 1.142 

100 0.509 1.188 

• 

1/ Levels as indicated supplied per pig on treatments 3 and 6 of ex?eri-
ment 3. 

o 



TabIe 14. Performance of pigs fed basal diet or raw cassava and pro-

tein suppIement. Experiment 2. 

1 

1 t e m 
Basal 

Av. daily 1/ gain, kg.- 0.843 

Av. daily intake, wet cas~ava, kg. 

Av. daUy intake, dry cassava, kg"y 

Av. dail.! intake, supplement, kg. 

Av. daily intake, total kg}/ 2.89 

leed/untt gain, kg. 3.43 

.. 

2 

Raw cassava+­
Supplement 
Ad. Lib. 

0.834 

4.05 

1.63 

1.17 

2.80 

3.36 

3 

Raw cassava+ 
SuppIement 
Controlle<;l 

0.794 

3.89 

1.57 

0.73 

2.30 

2.90 

11 Five pigs pe.r treatment; 98-day experiment; av. initia1 wt., 17.8 
kg. ; AV. final wt., 98.6 kg. 

1/ Total expressed on an approximately 10¡ moisture basis. 

• 

• 

• 

• 

• 

• 
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Table 15. Composition of protein supplements fed with raw cassava to 

growing-finishing pigs. Experiment 3. 

Treatments 
Ingredients 

Soybean meal .(SOM) 

Cottonseed meal (CSM) 

lIone meal 

Vitamin-trace 
mineral premix 11 

Total 

• 

123 

7. % 1.0 
65.00 64.00 64.00 

25.00 24.00 24.00 

4 5 

7. 1.0 

90.00 88.00 

6 

1.0 
88.00 

8.00 8.00 8.00 8.00 8.00 8.00 

2.00 4.00 4,00 2.00 4.00 4.00 

100.00 100.00 100.00 100.00 100.00 100.00 

11 Contributed 3 mg. riboflavtn: 11 mg. pantothenic acid; ¿5 mg. niacin: 
125 mg. choline chloride; 16.5 mg. vitamin B12, 250 I.U. vitamin D, 
2500 I.U. vitamin A; 51.5 mg. of Mn; 4.4 mg. Cu: 2 mg. Co; 45.5 mg. 
Zn; and 5 mg. chkY-otetracycline per kg. of finished feed. 



TabIe l~. Level of protein suppIement fed to pigs on controlled pro­

tein intake based on body weight l/. 

Individual Daily Level of 42.88% Pro-
Requirement for tein SuppIement to 

Weight of Pig Protein SuppIy daily requi. 

Kg. Kg. Kg. 

25 0.227 0.529 

30 0.250 0.583 

3~ 0.268 0.625 

40 0.291 0.679 

45 .0.313 0.730 

en v.3:¿7 u.7ó3 .N 

55 0.341 0.795 
.. 

60 0.350 0.816 

65 0.363 0.846 

70 0.377 0.879 

75 0.390 0.910 

80 0.404 0.942 

85 0.419 0.977 

90 0.434 1.012 

95 0.445 L038 

100 0.463 1·.080 

1/ Level as indicated supplied per pig on treatment 3 in experiments 1 
and 2. 

• 

• 

• 

• 

• 



Table 17. Influence of protein source and vitamin-trace mineral 1evel 

• of growing-finishing piga fed raw cassava. Experiment 3. 

• 

Protein Source: SOM + CSM S O M 

Vit.-trace 2 X 2 X 2 X 2 X 
Min-Supplement: Normal Normal Normal Normal Normal Normal 
Method Fed: Ad-Lib. Ad-Lib. Control Ad-Lib. Ad-Lib. Control 

Av. dally gain, 0.687 0.657 
kg.!! 

0.614 0.627 0.661 0.618 

Av. daily intake, 3.89 3.65 3.50 3.41 3.67 3.60 
fresh cassava, kg. 

Av. daily intake'21 1.38 1.30 1.25 1.21 1.31 1.28 
dry cassava, kg. -

Av. daily intake, 0.83 0.93 0.67 0.70 0.73 0.61 
supplement, kg • 

• Av. dai1y intake, 2.21 2.23 1.92 1.91 2.04 1.89 
total, kg .'lJ 

• Feed/unit gain, 3.22 3.38 3.10 3.03 3.07 3.06 
kg. 

Percent Protein 17.20 18.60 15.80 17.50 17.40 15.40 
in Diet Cons. ,1-

1/ Sixteen pigs per treatment, 8 piga in each of two rep1ications; 84-
day experiment; Av. initial wt. j 23.0 kg. 

]J Caasava ca1culated on 10 percent moisture baBis. 



• 

Tabla la. Composition of protein concentrates to supplement fresh cas-

aava dieta for growing-finishing pigs. 

Protein SU221ements 
lngradients 1 2 3 4 5 6 

~ 1 ~ l ~ ~ 

Com 11.20 26.80 11.20 33.00 25.00 29.60 

Soybean mea1 78.10 

Meat meal 70.50 44.30 21.30 

Blood meal 20.00 20.00 

Cot tt.>ooeed iDeal 78.10 30.00 30.00 

Fiah meal 36.70 

Bone mea1 8.00 8.00 1.00 1.00 

Vitamina and mineralsll 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 Prote1n AnalyB1s,t. 43.00 49.44 37.75 48.50 44.69 40.25 

11 The vitamin and mineral premixsupp1ied the fo11owing ·quantities per 
kilo of fin1shed diet: vitamin A, 2633 LU.; vitaminD3, 287 LU.; 
ribof1av1na, 4.6 mg.; pantothenic acid, 10.12 mg.; niacin, 33.75 mg.; 
Calcio, 1350 mg.; B12, 24.95 mg.; MIl., 52.65 mg.; Cu, 12.03 mg.; 7.n, 
67.57 mg.; c1orotetracyclin~, 27.35 IiIg. and sa1t 6.75 gro. 

, 

• 

• 
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Table 19. Performance of grm<ing-fini5hing pigs fed protein supple:::ents 

of different protein sources. 

Av. Av. daily Av. daily 

Trea tmen t1/ 
daily cons. fresh cons. Feed~ 
gain cassav¿1 suppl. Gai=1 

Fresh Chopped Cas sava plus: Gm. Kg. Kg. Kg. 

1. SM 723 4.00 0.80 3.25 

2. HM 684 3.40 0.78 3.07 

3. CM 592 3 .• 13 0.79 3.38 

4. ~ +- BM 728 3.88 D. ~/: 3.32 

5. MM + BM + CM 724 4.00 0.90 3.38 

6. FM+CM 679 4.08 0.79 3.47 

Average 687 3.75 0.83 3.31 

!/ SM is soybean meal; MM i5 m<;!at meal; CM is cottonseed meal. BM is 
blood meal and FM is fish meal. 

1/ Expressed on 65 percent moisture or 35 percent dry matter basis. 

1/ Calc'üated on 10 percent moisture basis. 



Table 20. Composition of experimental diets containing different 

levels of eaS5ava meal. Experiment 5. 

D i e t s 
Ingredients 1 2 3 4 5 6 7 8 

"X. % "X. "X. "X. "X. % % 

11 Dried ground yuea- 25.72 48.65 69.25 21. 70 41.04 58.26 

Ground yellow eorn 81.31 51.43 24.33 69.00 43.38 20.52 

Soybean meal 7.69 11.85 16.02 19.75 10.00 13.92 17.45 20.74 

Cottonseed meal 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 

C.d.,; molassas ,'" nn 1'" nn 10.OC ,('1 t"tt"t 
.¡;v."",v ~ ... ..... '" .""' .......... 

lIone me al . 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Vitamin-trace-
2 mineral premix-/ . 

2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Totals 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

11 Dried in forced-dr oven at180°F. 

1/ Contributed the same concentration of vitamins and traee minerals 
as in premix in Table 10. 

• 

• 

• 
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Table 21. Influence of level of cassava meal on performance of gr0wing 

finishing pigs . 

Results .U: 
Treatment s: 

lo Basal 

2. 25.72% cassava 

3. 48.65% cassava 

4. 69.25% cassava 

5. Basal+lO% molasses 

o. 21.70í. cassava+i0% molas ses 

7. 4i.047. cassava+lO% molasses 

8. 58.26% cassava+l0% molas ses 

Av. daily Daily feed Feed/unit 
gain, kg. intake, kg. gain, kg. 

0.772 2.68 3.47 

0.744 2.66 3.57 

0.743 2.79 3.76 

0.708 2.48 3.49 

0.888 3.38 3.84 

0.827 2.95 3.56 

0.777 3.00 3.85 

0.767 2.73 3.54 

Six pigs per treatment; lll-day experiment; Av. iniCial wt., 18.5 
kg.; Av • .final wt., lO4.8 kg • 



Table 22. Composition of Protein Supplement utilized with Cassava 

Silage for Growing-finsihing Pigs. 

Ingredients: 

Com 

Gottonseed mea1 

BoneMeal 

Vitamin and Mineral Premix 

Total 

401. Protein Supplement 

11.20 

78.10 

8.00 

2.70 

100.00 

• 

• 



• 
Table 21 Cassava silage for growing-finishing swine. 

Treatment: 

t 

Av. daily 
intake of 

fresh cassava 

Protein supplement plus: kg. 

1 Fresh chopped cassava 4.04 

2 Cassava root silage 3.84 

3 Root and foliage Slage 3.05 

Av. daily 
intake 
suppl. 

kg. 

1.00 

1.01 

1.06 

Av.daily.v 
~·'eight 

gain 

gm. 

750 

770 

640 

Feed~ 
gain.;:.1 

kg. 

3.43 

3.25. 

3.52 

1/ Five pigs per treatment. Av. initia1 weight 18.34 kg., Av. final 
wt. 98.8 kg. Length of trial, 112 days. 

11 Ingredients expressed on approximately 10% moisture basis. 



Table 24 •. Composition of Diet and Supplements used fer Gestating SOWS. 

1 2 3 
16% 407- 407. 

Treatlllenta: C.ontre1 Supplement Fed Supplement Fed 
Dilt gil ~.ltJ.n;:.: ~ D CQDf~ Dm&:llt , 

Grcll,Uu1 Corn 74.80 
\ 

" Soybeanmeal 18.00 . 64.08 66.75 

Cottonseed meal 20.53 20.53 

lodized salt 0.90 , 

Calcium Carbonaee u.lú ~ 

• 
Bone me.1 3.00 7.90 7.90 

Vito and Min. Premix 3.00 7.49 4.82 
~ 

. Total 100.00 100.00 100.00 

, 

• 
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TabIe 25. Vitamin-Trace Mineral Premix Used in Rations for Gestating 

Sows fed Fresh Cassava • 

Ingredients: 

Vitamin A (325.000 I.U./gm.) 

Vitamin D3 (200,000 I.U./gm.) 

Riboflavin·, 40% 

CalcitDD Pantotenate (70.6 gm./kg.) 

Niacin, 50% 

Co1ine ch1oride, 25% 

Vitamin S12 (52.8 mg./kg.) 

Kanganese Sulfate 

Copper Sulfate 

Zinc Sulfate 

Aurofac 10 (10 gm./kg.) 

Ground corn 

Total 

.-.~-

Quantity per 100 kg. 
Control Diet 

1.84 

0.15 

2.25 

47.79 

15.00 

300.00 

59.55 

22.50 

5.25 

37.50 

150.00 

2.358.16 

3.000.00 

r 



Tab1e 26. Fresh cassava in gestation in pasture and confinement. 

Treatments: 

No. of sows served,No. 

No. of sowa farrowing,No. 

Av. sow wt.at service,kg. 

A~ sow wt.at 30 days,kg. 

Av. 80W wt.at 60 daya,kg. 

Av •. sow wt. at 90 days ,kg. 

Av. aow I.:t .at 105 days ,kg. 

A~ aow gaín gestation,kg. 

A~ sow wt.24 hrs. poat-partum,kg. 

Av. 80W wt.21 days post-partum,kg. 

Av. 80W wt.35 days post-partum,kg. 

Av. 80W gain ,lact. ,kg. 

Total no. pige bom,No. 

Total no. pigs bom dead,No. 

Total no. pigs bom a1ive,No. 

Av. no. piga per 1itter,No. 

Av. no. pigs at 21 days ,No. 

A~ no. pigs at 35 days,No. 

Av. birth wt. ,kg. 

Av •. 21. day wt. ,kg. 

A~ 35 day wt. ,kg. 

1 kg. 
Control 
diet 
daily­
pasture 

10 

9 

165.8 

172.6 

181.4 

182.1 

185.7 

19.9 

164.3 

171.0 

177.5 

13.2 

97 

3 

94 

10.4 

8.6 

8.3 

1.28 

4.24 

6.94 

1. 7 kg. fresh 
cassava+0.4 
kg.supp1. 
protein on 
pasture 

10 

7 

163.6 

173 .• 0 

180.8 

185.1 

188.5 

24.9 

16.3.9 

176.9 

171.6 

7.7 

84 

14 

70 

10.0 

7.3 

7.3 

1.12 

3.61 

6.05 

3.1 kg.fresho 
c·assava+O.62 
kg. su:>p!. 
protein in 
confinement 

10 

7 

152.8 

170.6 

183.0 

190.2 

190.5 

37.7 

173.9 

182.1 

182.3 

8.4 

54 

O 

54 

7.7 

6.9 

6.9 

1.18 

3.84 

6.49 

• 

• 

• 

• 
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Tüle 27. Cc.podtion ol dieta ud aupp1enent uaed for lac:tatillg eOliS. 

Iqrediente: 

Caeaava meal 

GrolDld com 

Can. aola .... 

Soybean •• al 

SaU 

100-= _.1 

Calc1ua carbonat. 

AfliUtJ/ 

Total 

Control 
diat. 16" 

81.35 

15.00 

0.50 

2.50 

0.15 

0.50 

100.00 

Cassava aea1 
dlet. 161 

59.20 

10.00 

27.40 

0.50 

2.40 

0.50 

100.00 

11 Commercial Vitamin and trace mineral premix. 

401. protein· 
aupplaalent 

87.10 

1.61 

~.oil 

1.6.1 

~ 

100.00 



Table 28. Proportion of cassava and supp1ement for 167. protein ration. 

Fresh cassava 1/, kg. 40 percent protein supplement, kg. 

1.00 0.16 

2.00 0.32 

3.00 0.48 

4.00 0.64 

5.00 0.80 

6.00 0.96 

7.00 1.12 

8.00 1.28 

• 9.00 1.44 

10.00 1.60 

11 Based on cassava containing 35 percent of dry matter basis and 
2.41~ protein. 

• 

• 

• 
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• Tab1e 2~. Performance of Lactating Sows Fed Fresh and Dried Cassava 

Diets . 
• • 

, 

1 2 3 
m 16'k 40'1. Protein 

Treatments: Control Dried Supplement, 
Diet Cassava Fresh Cassava 

No. of sows, No. 13 15 16 

Av. nwnber pigs at birth, No. 10.8 10.1 9.3 

Av. nwnber pigs at 35 days, No. 9.0 7.9 7.6 

Mortality, 7- 16.4 22.4 18.1 

.. \;:. birt:h ~t .. , ,.- l.18 1.22 i.3ó ~ ... 
Av. wt. at 35 days, kg. 6.03 6.80 7.63 

• 
Av. intake creep diet,kg./pig. 0.302 0.530 0.368 

• 
• Av. wt. of sows 24 hrs.post-partum. 179.3 170.6 158.3 

Av. wt. of sows at 21 days. 187.9 177 .2 165.8 

Av. wt. of sows at 35 ciays. 190.3 183.0 165.8 

Av. sow gain,kg. 11.0 12.6 7.5 

Av. daily intake 
1/ 

cassava-,kg. 6.50 

Av. daily intake supplement,kg. l.21 

Av. total daily intake, kg. 4.82 5.24 3.74 

• 1/ Cassava contains 35 percent dry matter. 

• 
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FIGURE l. Growth Curves of Treatment Groups in Experiment l. 
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