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CASSAVA IN SWINE FEEDINC

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-
ficient for humarn and animal needs Hany of these countries, however,
have the potential or are already producing large quantities of other feed
sources that, Lf properly fed and supplemented, could support a large and
efficient swine Iindustry One feed source with a great unrealized poten-

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

as cassava, yuca, manloc, taploca or mandioca

Cassava is grown in the lowland tropics throughout the world,
generally between latitudes 30°N and 5 and almost alweys below 1800 meters
altitude within these regions (Rogers, 1963) Thegse areas generally
delineate reglons of productiom because of the frost sensitive nature of
the plant Cassava has a wide range of adaptability, resistance to
drouth, tolerance of poor soils and relative ease of cultivation As
there are varieties adapted to nearly every soil type and degree of an-
nual rainfall, the plant offers an almpst unlimited production potential

Large quantities of cassava are now being produced utiliring a wide
range of generally unimproved genetic materials and under very poor
agronomic conditionsg

The annual world production of cassava, as reported by FAQ (1970},
was 90,958,000 metric tons These figures may not, however, reflect an
accurate production because casgava, except around a few cities, is not
a "cash' or "plantation" crop Most of the crop ls produced on small farms
in small acreages and many times as a "back-yard" staple for home consump-

tion Of the total world production, approximately 39 percent is 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 i{n Brazil

Although cassava is ninth in terms of world production of a&ll crops
and fifth in world production of tropical crops, its importance and poten~-
tial as a feed crop in the tropical regfons throughout the world is not
widely recognized by researchers and livestock producers Cassava, other
root crops, and the plantains are a major source of carbohydrates for the
human population of both Latin America and Africa  The usefulness and
potential of cassava for supporting an animal Industry in these same regiomns
hag not been given the attention deserved by either researchers or producers
of livestock

Yields

Present farm yields of cassava as reporred im agricultural statistics
are geperally low, renging from 3 to 30 tons per hectare  Scme varieties
require 16 to 20 months to mature, yet varietles exist that will yield up
ta 78 tons of fresh cassava in experimental plots in 10 months (Varon, 1968)
Given the wide ramge and diversity of genetic materials available im the
world and the ease with which cassava can be sexually crossed, the develop-
ment of new varfeties and strains should coffer important opportunities
for increased production  UOnce these improved, diseage resistant strainsg
and varieties have been genetically formed, their continual propagation
and genetsc purity can be easily maintained because the plant 1s normally
reproduced vegetatively from stem cuttings

Yields already vealized experimentally (ICA-1969) indicate that the
total caloric output per hectare per year of well managed, improved cas-
stva Is up to 3 times that of such crops as rice and corn

One kilo of fresh cassava containing 35 percent dry matter has a

gross energy value of approximately 1225 kilocalories A yearly produc-



tion of 75 metric tons of cagsava per hectare will yleld 91 8 million
kilocalories  Future ylelds will possibly far surpass those of presently
produced and these Increases will be accomplished through selection and

genetic improvement and by improved agronomic practices

Chemical Analysis

e

The fresh cassava root containg on the average 65 percent moisture
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 with the remain-
iag 13 2 percent made up by the peeling {(table 2} The percentage composi~
tion of pulp and peel does not vary siguificantly with increasing maturity
of the root

The cassava root contributes basically carbohydrates {enerpy) 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 fractlon of cassava consists of approximately

80 percent starch and 20 percent sugar and amides (Vogt, 1966) Sucrose
is present in variable amounts and some warieties may contaln, up to 5
percent (Brautlecht, 1953) The fundamental unit of the starch molecule
is d-glucose, as this is the only monocaccharide obtained on total hydrol-
ysis The two chief constituents of starch are amylose, which 1s non-
branching in structure, and amylopectin, which consists of highly branched
chains  According to Kerr (1950) and Johnsou and Raymond (1963}, cassava
starch is about 20 percemt amylose and 70 percent amylopectin

Cassava contains only small quantities of fiber {1 45%4) end is almost
devoid of ether extract (0 29%) The ash content comprises only about
1 5 percent of the total root (Table 1) The levels of calcium {0 12%),

phosphorous (0 16%), sodium {0 06%) and magnesium (0 37%) are generally
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low {table 3) As in the situation with most root crops, the potassium
level 1s relatively high (0 86%)

The majority of the varietles now belng produced contaln very small
quantities of nitrogen The crude protein (N2 X 6 25) content of the
majority of the varieties teated do not exceed 3 0 percent when expressed
on an air dried basis {approx 10% moisture) However, other variet es
have been reported to contaln higher levels of crude protein  Beck (1969)
reported an African variety that contained 9 percent c¢rude protein and
Jaramillo and Herrera (1970} have reported 8 world collection (Manibot

(arthagenensis that contained 15 4 percent crude protein when expressed

on a rmotsture free baslis  Maner (1969) has reported varieties that contain
up te 2 33 percent crude protein In the fresh reoot or 7 25 percent when
expressed on a moisture free bhasis

Further studies by HManer and Danlels (1970 clearly indicate char al}
of the nitrogen present in the cassava root {s nece in the ‘orm of true
protein Data presented in Table 5 demongtrates the high nitrogen content
of samples of the varilety "Llanera” which were harvested at approximirely
hiweekly intervals for a period of asbout five months  The total nitrogen
in the vhole root varied from 0 74 percent to 1 02 pricent during *lis
pe~ftod of time (4 63% te 6 35% crude protein) From the same ahle 1r
can be seen that the level of total nitrogen is highe~ in the peel than
in the remaining portion of the root but the internal portion cont-ins
4 te 5 5 percent crude protein Tricloroacetic acid (TCa)} treatmen- of
samples of root clearly indicate that 50 to 50 percent of the total nitrogen
present 18 non-protein~nitrogen and does not precipitate The perc ntage
of non-protein-nitrogen 1s higher in the peel than in thre pulp (T-ble 3)

Similar results {Maner and Daniels, 1971) have been obtained on th-ec



other samples that are konown to produce higher levels of hydrocyanic acid
(HCNY (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

Detailed chemical aralysis (Calderon, 1971, unpublished dara) of the
nitrogen fraction of 15 cassava varieties show that the total content of
nitrates, nitrites and HCN represents eonly about 1 O percent of the total
nitrogen It appears from these studies that aspartic and glutamic acid
may be present in the root as free amino acids and represent a portiom
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 preaented in Table 7, expressed as # percentap~ of the crude
protein and of the tfrue protein The levels of several e<sential amino
scids such as lysine and tryptophan arc very promising and compare favor-
able with those observed in opaque-2 corn  lHowever, the level of the
sulfur~-containing amino acids methionine and cystine are extremely
deficient and limiting

According to Close et al (19533), the protein of cassava meal contains
the following amine aclds & 47 aspartic acid, 2 1% threonine, 1 9% serine,
12 77 glutamiec acid, 1 67 proline, 2 47 glycine, 4 6% alanine, 2 67 valine,
0 67 cystine, 1 0% methionine, 2 0% 1soleucine, 2 97 leucine, 1 6% tyrosine,
2 3% phenylalanine, 3 57 lysine, 0 5% tryptophan, 10 47 ornithine, 1 27
histidine and 3 7% arpinine  Sruramamurthy {(19453) also reported that the
essential amine acids present in the total protein {1 33% In the sample)
are arginine 7 747, histidine 1 50%, isoleucine, 5 33/, leucine 5 567,
lysine 6 23%, methionine 0 607, phenylalanine 3 45%, threonine 3 83%,

tryptophan O 53% and valine 4 51%
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The proserce 25 2 o o~ IU. o B f&753VA presents sore preble~s in
its wse =35 gni-a3' f-ed T o ta o1t aof the cassayt roots and leaves is
a = = » .o zpoend of o zisogn {%3“2} that 1s com-
=only smeen as o dvoecyzeoe ozid (PO ) or prussic acid (Oke, 1969) Free
hydrocyanie acid 35 such 1s not fpund in healchy prov.ng plants, but devel
Jhen normal gro tn has been retarded or stopped by drought or other adwvers
cliratie corditions or Ly the bruisire or chopping of the roots and
leaves ¢, 1% usaally formed by aremic=l reaction berween two subsrances
a2 ¢! coslds and an enryre contained in the plant iterrher the glucoside
nor the err - 1§ poiscnous by ctecll (Coveh, 1730 Tna tvo ﬁ-&iuaaazdgs
identified 1n ¢isoava are linmamarin ard lotaustralin  The gl;c031dﬂs

consist of & chemical combindtion of sugar and h,droeganice acad v 1th
f

nerhe~e gnother comnmnd anrh 2e anm ald hyde ar warane TAmsmarim 18 roe.
pased of hydrocsanie acad, glucese and Letone and ¢n1ly heo liberarved
chemically 1s the 1 sdroc,anie zcud poisunous

The degree of tosic.ty of cassava roots his been ~1dely discussed
and differences of cpinion enist A conplete teview of the role of
hydrocyanmic acid in nutrition nas been made by Oke (1959)

in ar.~als the s,~prtoms of acire hydrocyante zcid porsoning ave

tnererss? rote &1 gapth of rzzeirirls , wre e <0 opulse rate, no
responsa to rri—uli and spacradic —resulnl - ~.s {Ore, 199 host
of the syrmptoms of HCON poisoninz ¢~ .. 2¥nliined on the bas.s of 1vs

affinity for wmetal i1ons such as copper 30l 1von ir combires with
hemoglobin to form cyanchemoglobin vhich is not an o<ygen carrier (W
also fav=s 2 revevs o, egr, ~ o om0 b v SL.T oAz = -

o8

oxidase which thereby Inhibits 1ts functions a5 21 o.c ¢ 1o -

slagyyps te - N 1 Fr oclessic e<l-ple of histotoxic anoxin
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{(Peters and Van Syke, 1931) These chemical abnormalities cause neuronal
depression in the medullary centers which leads to respiratory degression
and death  Hydrocyanic acid is therefore a violent protoplasmic poison
for all forms of life

Although acute HCN toxicity is a problem, of greater toxicological,
physiological and nutritional importance is the continued ingestion of
small quantities of hydrocyanic acid These small quantities are not
large enough to cause death, but affect the general health and condition
of the subject

The body has the ability to detoxify varying quantities of HCN, the
total quantity varying according to specles, physical cond{tion, nutrient
consumption and probably other unidentified factors It has been postulated
that an enzyme called "rhodanase is responsiblie for the rcaction of hydro-
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 sll parts of the body but with
the llver as the chief site The detox:fication of HCN appears to be limited
by several anutrients but mainly by the availability of sulfur since Himwick
and 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 skeletal muscles 1763 g of cyanide in 15 minutes  However, these same
authors have shown that the artual rate of detoxification for the dog is
much less than would be expected based on enzyme concentration It has
been found that the {njection of thiosulfate will {ncrease 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 toxicity
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when injected is probably due to the glowness in which they are converted
to thiosulfate, since Wood and Cooley {1952} have shown that labeled
SCH 1s produced when cyanide 13 administered with labeled 358-cy5tine

it has been proposed that rhodanase forms a lose combination with
thiopulfate which breaka dowm to yleld sulfur in a form that can be
accepted by the cyanide lon  The rhodanase system 1s not the only route
of detoxification through which thiocyanate can be formed from cyaunide
It has been found that B-mercaptopyruvic acld can provide sulfur as
rapidly as thissulfate for cyanide detoxification

Yitamin B,, has also been postulated to play a direct or indirect

12
role in cyanide detoxification A dietary deficiency of vitamin B,
leads to an increase in thiocyanate excretion  Injection of sub-lethal
doses of cyanide 1into rats causes a significant depletion of liver stores
of vitamin 312’ indicating that it is an lmportant detexifying apent
during cyanide poisonming It has been ghown that vitamin By, is not
necessary for the conversion of cyanide to thiocyanate through the action
of rhodanase or J-mercaptopyruvate sulfuretransferase  Therefore, {t 2p-

pears that the best explanation for the effect of vitamin B in cyanide

12
detoxification s that the cyanlde combines readily with the hydroxyl
form of vitamin Byg» hydroxocabalamin, and through this compound the
cyanide 1s incorporated into the l-carbon metabolic pool probably in
the form of formate This is the pathway that is significantly impaired
in a vitamin Byy deficiency

It therefore appears that the differences in tor city reported mey
be in many cases explained by the presence or absence of substances such
as methionine, cystine, sulfur, vitamin Bia, 1odine and other clements
such as copper and iron At the same time, symptoms related ro the

deficlency of metbionine, vitamin Blg and fodine thatr have been reported

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



may be explained by the presence of sub-lethal levels of HCN which
reduced the efficiency and proper metabolic utilization of nutrients

Several methods of processing can be utilired to reduce HCN toxicity
Some of these methods are move effective than others Drying in a forced
alr oven, at moderately high tempervatures (70-80°C}, boiling in water
and sun drying have been practiced

Oven drying in the abgence of moisture drives off the free HCN and
destroys the enzyme linamarinase which is necessary for hydrolyzing the
glucoside to form HCN  Dry heat has littie if any effect on the glucoside
present and thus this is consumed in the cassava root If {t 18 true
that HCN 1s slowly released from the glucoside {a the stomach through
the action of hydrocloric acid hydrolysis, then small but metabolicly
significant quantities of HCN will be absorbed from cassiva that has
been processed {n this manner

Boiling in water destroys the free HCN along with the enzyme, lina-
marinase or linase, as well as causing a reduction of the total giucoside

which 18 soluble in water 1f boiling is rapid and continued for only

short periods of time, sipnificant quantities of glucosides may remain
in the cassava root, causing chronic ingestion of HCN when this cassava
{8 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 -elcase of HCHK
If drying is accomplished ove. & period of several days much {f notf most

of the glucoside will be hydrolyzed to release ICh vhich 1s disipated

into the air
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Harvesting, Storage, Feeding and Procesging

Some of the greatest problems in using cassava are related to harvest-
ing, storage, processing and feeding

The root system of the plant, which must be harvested, is deep
irregular in i{ts placement and generally extends over & wide area  The
large and fibrous stalks must be removed before the roots can be
harvested  Mechanical harvesting methods have not yet been developed
and harvesting Is usually manual In damp, lighter soils, hand harvest~
ing 1s not a diffilcult task brier and more compact soils present some-
vhat of a preblem {f the roots are to be removed intact Manual harvest
wi1ll probably not be a deterrent to efficient utiliration on small opera-
tlons but might become a limiting factor {f large quantities are required
daily on farms with large numbers of swine  The use of a tractor equip-
ped with a single battom plow to expose the roots may he advantageous
1t would 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 ranpge and heavier structure mipght be effective

Cagsava In i{ts fresh, high moisture state cannot, under mosttropical
environments, be stoved for more than 3 to 4 days without the onset of
fermentatton and dererioration Even under refrigeration, which 1s costly,
it cannot he conscrved in sarisfactoery condition for more than 2 to 3
months It must be harvested two or three times per week to assure a
satisfactory, palatvable product for feeding as it has been demonstrated
that spoiled or fermented cassava will not be consumed at a level adequate
to support optimum growth, and if consumed, will cause digestive disturb-

ances and reduce consumption

- -
et T
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In its fresh, wet condition, cassava can be efficlently used to feed
gwine It is pgenerally 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 falrly rapid rate of
fermentation of cassava and especlally of the ground or chopped material,
it ghould be offered daily to the pligs 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 1f the fresh cassava is 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 product

Crinding, shredding, or chopping of cassava roots can be accomplished
in many ways If small quantities are needed a knife or machete is the
most simple method If 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 pleces suf-
ficiently small that they are well accepted and consumed by the pig

Temporary storage of the roots can be accemplished by leaving the
rootg undisturbed in the field 1iong term storage of the cassava roots
must follow processing The roots can be either dried or ensiled  They
can be dried either mechanfcally or by exposure of the chopped or shred-
ded material to the sun in thin layers on large trays If the moisture
content is reduced to 10 percent or less, the dried root can be safely
stored for as much as a year

The roots alone or in combination with the leaves can be success-
fully ensiled and maintained for some time 1{f the material is stored in

small air-tight silos or plastfc containers
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Cassava in Swine Feeding

Studles to measure the feeding value of cagsava roots as an energy
{carbohydrate) source for pigs have been reported in the literature since
early 1900 (Tracy, 1903, Conner, 1907, Gavin y Andcouard, 1914, Henke,
1923, Mondofiedo y Bayan, 1927, Mondofiedo, 1928, Fullerton, 1929, Howie,
1930, Mondofiedo y Alonte, 1931, Woodman et al , 1931, Alba, 1937, Asi-
co, 1941, Z4&rate, 1956, Oyvenuga y Opeke, 1957, Mejia, 1960, Moebe, 1963,
Maner y Buitrago, 1964, Castillo et al , 1964, Peixoto, 1965, Lang et
al , 1965, Maner y Jiméner, 1967, Maner, et al , 1967, Aumaitre, 19569,
Shimada, 1970, y Maner, 1871}

As can be seen from the summary of results of studies carried out
between 1927 and 191 to evaluate cassava as a feed for growing and
finishing pigs (Table 8) the maximum level of cassava that had been
incorporated into the diet was 40 percent in the majority of tle cases
the level of production was low and feed required per unit gain was hagh
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 earvly
studies were carried ocut, more favorable results would not be cxpected
under the conditions under which the studies were condurted These
data are then more of histerical interest and ar~ of very little nutri-
tional value today except as similar feeding conditions may exist in
less developed swine production systems in the tropics

In zfrica, Oyenuga and Opeke (1957) utilired 40 and 55 percent
dretary cassava for growing and finishing pigs, respectively The
fresh cassava was fed either raw or boiled teo the pigs along #ith a sup-
plemented dry feed source that supplied protein, ermergy and minerals

but was not supplamented with vitaocuns fhe pigs were hand fed torse
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times per day, in an attempt to equalize nutrient intake of cassava fed
animals and control animals fed sorghum (guinea corn) based diets From
these studies the authors concluded that cassava has a feeding value for pigs
equal to that of sorghum and that raw cassava was highly palatable and equal
or superior to cooked cassava

In & later trial at the same statiom (Modebe, 1963), sorghum or corn
wag replaced by sun dried casgava meal at 32, 37 and 40 or 42, 47 and 30
percent of the diet for plgs weighing 23-36, 37-55 and 55-75 kg, respectively
The pigs fed the lower levels of cassava meal (32, 37 and 40%) grew at a
rate that was not different from that of the control (0 491 vs O 482 kg day)
or from that of the higher levels of cassava meal (0 491 vs 0 473 kg/day)

Feed consumption was not different between the different treatments
not wag 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 aud 40 percent sun-dried cassava meal was used by Mella
{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 pigs was ~imilar with that of the 40 percent cassava
fed piges higher than the control These results do not indicate that cassava
has the same or superior nutritive value as corn, because all 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 corn

Aumaitre (1969) compared the feeding value of corn, wheat,barley and
oats to that of dried casaava meal The 20 percent protein diets were fed
to baby pigs between the agesof 5 and 9 weeks Maxirum performance were
obtained with cassava (416 g/day) as compared to barley, cats, corn and wheat

{386, 380, 354 and 360 g/day, respectively) It was reported that the
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improvement due to cassava substitution was due to a reduction in the
frequency of dlarrhea observed in the pigs  The results of a digestibility
trial conducted with these animals show that wheat, barley, corn and
decarticated ocats have comparable digestible energy values (3973, 3955,
4046 and 4024 keal/kg M § , respectively) which compare closely to a digestible
energy value of 4185 for casseva meal

Shimada (1970} used 0, 22, 44 and 66 percent sun~dried cassava
meal to replace corn in diets for plgs 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 parcent casgsava
meal can be used to replace corn witheut causing a reduction wn overall
performance  The highest level of substitution caused both reduced
gawns and efficirency of feed conversion

Cassava silage was used by Castille, et al (124) to replace corn
1n diets for growing pigs Farty percent of the diet was supplied by

cassavt silape and the remalning i1ngredients were added to provide a ]

diet similar to that of the corn-based control  Because of rhe lov
level of e¢rude protein present 1n the cassava silage, tigher levels of
supplemental prote n we-e provided by protein of hi he- nurr-1c1ve value,
providing a final aret of higher protein quality than that nrovide? by
the corn-hased control Although the performance o 211 pips 1n the
study was relatively low, pigs fed the cassavi sila e diet gained faster
md reguired less feed than those fed the corn diet In the opinion
of the authors cassava silage Is a satisfactory “wed for growing swine
Extensive studies on the value of cassava me=1, fresh cassava and
cassava silapge as feeds for swine n lifewcvole production sistems ha o

been carried out at the Palmira Station of the Lolombian ag~.cultural
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Institute and 1n collaboration with the International Center for
Tropical Agriculture (Maner and Bultrago, 1964, Maner and Jimenez, 1967,
Maner, Bultrago and Jimenez, 1967, Maner Builtrago anﬁ Galle, 1970,
Maper, 1971, Maner and Daaiels, 1970, Mesa and Maner, 1971}
The cassava used in studiss 1, 2, 3 and 5 was a mixture of several

varieties commouly eaten by humans and was grown at the Palmira Exper:-

ment station of the Colombian Agricultural Institute {ICA) That used

in experiments 4, 6, 7 and § was a high yielding varfety, "Llanera”,

grown at the same statron  The fresh cassava was harvested two or three
times weekly to prevent spoilage and to lnsure a palatable feed  After
harvest the cassava was washed to remove the scil and chopped dallv ag
required Cassava for the initial studies was chopped using a2 large

knife (machete), a soil shredder was later used for chopping The drigd
cassava meal was prepaved from fresh chopped cassava bv [rrst drying 3t
18¢°F in a forced-air oven for 24 to 36 hours or by exposing 1t to the

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

Growing-Finishing Trials

Fregsh Cassgava

The cassava and protein supplements for all growing-finishing trials
using freshly choppped cassava were fed in automatic meral feeders, ane
all cassava not consumed by the pigs within 24 hours after fecding was
collected, weighed and discarded

Experiment 1 Fifteen weanling Duroc pips verpbing an average cof
18 1 kg were used 1n an experiment with a completely vrandorired design
The plgs were allotted to the three treatment groups o~ the hasig of seas
and litter and maintained in pasture lots of pangola grass cach ot was

equipped with a shade over a concrete slab  Feed and water were suppl =d
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according to treatment in automatic feeders and waterers The three treat-
ments were
1 A basal diet of corn, soybean meal, cottonseed meal, bone meal,
and vitamin-trace mineral premix offered ad libitum
2  Raw, chopped cassava fed ad libitum and a protein supplement
also offered ad libitum
3 Raw, chopped cassava fed ad libitum and a protein supplement fed
dally in quantities sufficient to supply minimal daily require-
ments
The composition of the basal diet and the protein supplement are
presented in Table 10  The basal diet was calculated to comtain 16 per-
cent crude protein, but laboratory analysis indicated a level of 19 8i
percent and the protein supplement contained 42 88 percent protein (Table
il} The cassava contained 63 75 percent molsture and 1 04 percent crude
protein
The performance data are presented in Table 12 and Figure 1 The pigs
on both the control diet and those receiving the raw cassava plus protein
supplement free cholce grew at a satisfactory rate and efficiency and
performance of both treatment groups were 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}, grew at a slower rate
than either the contrel or raw cissavas plus free-choice supplement groups
Efficiency of feed comersion wis pnot different between the two yuca
groups, both of which were more efficient than the coran-soybean centrol
group
The pigs offered chopped cassava and protein supplement free choice

consumed much more protein than would be normally required (Figures 2
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7 and 3) The pigs choose a diet containing an average of 25 3% proteain
?'s;i
# during the fnitial week of the experiment This level of consumption of
: protein, brought about by an over~consumption of the protein supplement,
A
< and concomitant reduction in cassava consumption was gradually reduced
%
: to approximately 16 5 to 16 9 percent during the final weeks of the 112
4
% day trial These data indicate that the pigs were consuming the dry pro=-
k2
- tein supplement to fulfill partially their dafly energy needs that were
S not being met by their daily level of consumption of fresh, chopped cas-
o8 sava

A i
w1

Experiment 2 Fifreen Duroc pips with an average body weight of

%? 17 B kg were randomly allotted to the same treatments described in
: }‘, Experiment 1 This experiment duplicated kxperiment 1 except that the
3

plgs wera fed in confinement and without access to pasture

e

{gﬁ. The performance data are presented in Tahle 14 The growt! rates
é:;gj of the basal group and the cassava group offered protein supplement free
éi?? ) choice were very similar, O B43 and 0 834 kilograms daily galn, respec-
i%;&ﬁ? tively The efficiency of feed utilization was not greatly different
2 k for the tuo groups  The group receiving cassava plus 2 controlisd amount
a of proterin supplement (Lot 3) consumed less fresh cassava and only 0 75
P
*% ';% kilopram of protein supplement darly as compired to 1 17 kilopra=s
£, (2
;§ consumed by the free choice proup Az a result, thie proup had & 7 per=
?%‘ cent slower dajly galins but required 15 9 percent less total feed to
%

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

controlled protein feeding in effect resulted 1n a restriction of total
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cent protein corn-soybean meal control diet In doing so, however, they
voluntarily consumed a ration that was excessive in protein (see Figure
5 and B) The implications of the excessive consumption of protein sup-
plement cobserved in this experiment as in Experiment 1 are not readily
apparent  These data may indicate that the stomach capacity of the pig
18 not great enough to consume enough fresh cassava to meet the daily
energy requirements and therefore energy needs are met by an overw
consumption of protein supplement or that cassava consumption is low due
to poor palatability of the fresb, raw cassava

Those pigs fed controlled quantities of proteln supplement (Lot 3)
grew at a slightiy slower rate but converted the feed more efficiently
and consumed a diet lower in preotein Reducing the daily consumption of
protein supplement, however, failed to increase the daily consumption
of fresh cassava  The improved efficiency of feed conve-sion of treat-
ment group 3 could be the result of restricted feeding and/or to more
efficient utilization of the protein supplement associated with the
elimination of excess nitrogen

Experiment 3  Ninety-six Duroc and Duroc-fandrace crossbreed pigs

weiphing an average of 23 kilogrems were divided according to werght,

sex, Vitter and conditron te 12 outcome groups of 8 pigs each These
outcome groups were then allotted to six treatments, each with two replica-
tions tach grovp was fed fresh, chopped cassava dasly to allow volun-
tary consumption, and the excess was removed, welphed and discarded each
morniny before offering addirional cassava Two basic protein supplements
with two levels of wvitamin-trace mineral supplementation (Table 13) were
compared A combination of cottoanseed meal and soybean meal was compared
with soybean meal alone, both vith a normal level of vitaminetrace mineral

supplerentation and with twe times this normal level Supplements 2 and
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5 were offered ad 1libitum {Treatments 2 and 5} and in daily rations {Trett-
ments 3 aud 6) calculated to exceed the pig's daily protein requirements
(Naticnal Research Council, 1964) by 10 percent (Table 16}

The pigs were housed in 2 5 x B meter concrete lats during the entire
84 day experimentsl period and body weight changes and preteln supplement
consumption were recorded for each lot at weelly intorvals {assava con-
sumption was recorded dairly

The performance data are presented in Table 17 The average darly
gawns and growth curves {(figure 7) were similar for all groups fed sither
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 we-e not difisrent hetwien troitawnls,
but were inferior to those recorded from pigs recerving ad libitum quanti-
ties of erther supplement

Average datly intakes of wet cassava were similav, varying an aver-
age of only 480 grams between the highest and lowest average daily consump-
tron (2 89 to 3 41) as indicared in Table 17 and Tigure 8 Higher darly
intakes of protein suppicment were observed among the groups fed ad
libitum the combination of cottonseed meal-soybean meal (CSM and S0M)
when compared to the groups offered voluntary consumption of the supple-
ment containing only soybean meal (SOM) As 3 resulr of this bigher daily
consumption the (SM + 50M groups requived more totril fred (cassava + <up-
pleme nt} to produce 2 unit of gain Fead required to produce a unit of
gain wis not different among the SOM groups nor between tle proups receiva
ing controlled quantities of etther supplement

It was observed that the pig does a feoirly ¢ eptahle ok of
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balancing his diet when offered fresh, chopped cessava and protein sup-
plement free choice (see Table 17)  Young pigas, when they are initiated
on such & diet, however, will greatly overeat protein supplement as
indicated in Figure 9 Limiting the daily consumption of protein supple-
ment to & level calculated to supply 10 percent more than the National
Resaarch Council's published requirements did not result in an increase
in daily cassava consumption These data confirm results from the previ-
ous studies which seem to indicate that there {s an upper limit of sbout
an average of 4 kg daily that the pig will consume over the growing-
finishing period The pig tends to overeat protein when calculated over
the entire experimental period This over-consumption is, however,
basically, although not completely, the result of excessive consumption
during the early stages of the feeding trial In general, the daily
voluntary consumption of wet cassava increases progressively from
weaning to market weight, and the daily voluntary consumption of pro-
tein remaing almost constant over the entire periocd (Figure 8)

Experiment 4 The first threc trials demonstrated the effectiveness

of soybean oil meal or this meal in combination with cottonseed meal as
a protein supplement for growing-finishing pigs fed fresh, chopped cas-
54va These ingredients are not, however, universally available,
especially in the lowland tropics  This experiment was conducted to
evaluate a large variety of protein sources as potential supplements
for cassava in order to broaden the application of these data over a
wider area

Forty eight Duroc x Landrace weanling pigs with an average initia?
welght of 19 2 kilograms were allotted at random according to welght,
seX and 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 dafly and was chop-
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ped in a soirl shredder before feeding in automatic feeders  The six

experimental protein supplements tested were also [ed free cholce in

sepirate feeders The compesition of the supplements utilized and

laboratory analysis for c¢rude protewn for sach are presented in Table 18
Fresh cassava consumption per lot was recorded darly and body weight

changes and proteln supplement consumption were recorded at biweekly

intervals The pigs were maintained on thege experimental diets for

111 days and weilghed an average of 95 kilos each at the termination of

the trial

The pigs fed fresh, chopped cassava with a protein supplement of

good guality performed similarly and satisfactory (Table 19 sand Figure

10) The highest growth rates were obtained from the supplements contain-

ing combinations of either, soybean meal, mear and blood meals or meat,

blood and cottonseed meals Inferior but not significantly diffescnt

performances were obtained from pigs consuming meat meal zlone or a

combination of fish meal and cottonseed meal Sigmificantly slower pains

were recorded when cottongeed meal supplied the only gource of protein
These results from the cottonseed meal supplement might he expected as

cottonseed meal 15 deficient in lysine and can contain levels of a pigment,

gossypol, which {s toxic ro the pig  As acute toxirity syrptoms were pot

ebserved, the depression 1s probably related to protein quality and
aspecially to a lysine defleciency

The average daily consumption of fresh chopped casssva was simfilar
among most of the groups (Table 19 and Figure 11} except the meat meal
and the cottonseed meal groups and corresponded ¢losely to the & kg
datly consumption previocusly observed In other studies The reason for

the lower consumption of these two groups Is not veadily apparent,
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especially for the meat seal group, however, the lower concuaption
recorded by the cottonssed meal group could be rslated to the protein
quality of the supplement

Average daily conoumption of protein supplenent was 0.8) kg when
averaged over s8ll treatments and was similar for all groups (Table 19
and Pigure 11), although slightly higher for those pigs fed combimation
of either meat and blood meals or meat, blood, and cottounseed nesls

The variable daily consumptions of cassava and supplements had
1ittle affoct on overall feod cooversiom which averaged 3,31 for all
treatment groups The variation in the analyzed level of protein in the
various supplements and the variation in daily cssgeva conswvuption
(FPigure 11) did, however, appreciably effect the percentage of protein
comsumed in the ration (Figure 12} The pigs on all rrearment grrups
aver-consumed protein during the entire experimental period and eopecially
during the first 14 to 28 days The increased consumption of protein
observed during the last 28 dayas of the trisl was associated with &
reduced consumption of caasava. The original field of casseva used to
initiate the experiment was terminated durimg the time and 2 new lot
wag lutroduced  Although this new lot was the some variety seeded at
the same time and with s similar chemical composition, the quality of
the cassava was inferior The roots were smeller and more stringy snd
as a reault, daily consumption was greatly redoced in all lotas These
observations clearly indicate the necessity of using good quality cassava
for maximum daily consumption

Dried Cassava

The dried cassava used was first washed to remove the soil and then

chopped in a soil shredder This chopped aaterial was placed on wire



srelyves and avied 15 a2 rorceg-a.r oren at 13077 teo a final coleture corlent

%

of approximately 10 perca-r 135 ~led material was then reground in
a hamresll] bEafa-a =« 1 mived {n the final diets  Cassava weal prepared

in this ra-ner fs a fine wvawier and dusty material

Lxge> =~an= 3 Dricd ¢assiva meal «a3 1ncorporatad into completew

balanced diets to weasure i{ts value as an energy source and as a substi-
tute for corn in growing~-finishing swine diets Tne cassava meal was
substiruted for 33, 86, and 100 percent of the ¢orn .n the basal, 16

-
percent protfein, coru-cotionseed real - soybean meal diet and the protein
level equalized in these diets by varying the proportion of corn and

soybean meal The level of cotronseed meal was held cc&tant at 7 percent
in all diets to avoild problers of gossvpol toxicity  Since the cassava
meal is dusty, the same four treatment diets were repeated adding 10
PRLLEUL waLe wUiassoh Lu scule® UUSLLIE3S whau LU MEADWLIE Awd Chacuk Wi
palatability and feed consumption  The composition of the diets are
presented in Table 20

Forty-eipht weanling pigs with an average {nitial welight of 18 5
kg were allotted according to welght, sex, litter aud condition to the
eight treatment groups The pigs were housed in confinement on concrete
and fed and watered ad libitum during the entire 11l day experimental
period

The aummary of performance data is presented in Table 21 Each
increase in level of dried cassava resulted in a corresponding decrease
in average dally galo with or without 10 percent molasses  These
decredses in gains were not caused by decreased feed Intake as the

average dally voluitary ceonsupntion arorg treatmerts witbout acded

molasses were not different  Adding 10 parcent molasses increased
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daily feed consumpticn by 13 7 peicent and supported a 9 B percent in-
crease in average daily gains vhen treatments with and without molasses
were compared  As contrasted to the treatments without molasses, ine
creasing the cassava level in the presence of molasses resulted in a
decrease in average dally consuomptios  Feed converslon was not greatly
different among treatments

The overall quality of the protein was improved in the diets as the
cagsava replaced corn and the proportion of poybean meal was i{ncreased
so that the depression ln average daily gain was probably divectly as-
soclated with the cassava fraction of the diet and could possibly be
associared with the utilizaz .on of tne carbobydrates, mainly starch, of

the dried cassava Tae low ¢ =1 of £.b2r presant in the cassava should

not greatly affect {ts utilizatioo

foacars Lilana

Cagsava silage was made from the roots alene and from a combination
of the roots, stalks and leaves The root silags was prepared by chope
ping the fresh roots in a seil zureddur to 2 mediom-fine particle size
(0 5 to 2 0 om diameter) and placing this fresh chopped material in air
tight plastic bags The root plus atalk and leaf silage was prepared in
4 similar manner, with the whole plant being put through the soil shred-
der, The particle size for the roots in both silages were similar, how~
ever, because of the fibrous nature of the stalk, the particle size of
this porcion was larger. Both of thess silage preparations produced
adequate fermentation for storage and were in excellent condition when
fed

Experiment 6 Because of the limited quantity of silage available,

15 pigs were used in the experiment., These pigs, averaging 18 34 kg 1ia
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weight, were randomly allotted to the three treatment groups The
treatments were

1) PFPresh chopped cassava plus protein supplement,

2) <Cassava root silage plus protein supplement

3) Cassava root, leaf and stalk silage plus protein supplement.

The protein supplement used is presented in Table 22 Cottansagg
meal was used as the only source of supplemental protein  Both tht‘
protein supplement and the cassava preparations were fed free-choice in
separate feeders

The feed consumprion and parformance data are presesnted in Table
23  Average daily consumption of protein supolement was not different
among treatment groups, averaging 1 02 kg over all groups Daily conw
sumption of root silage was similar to that of fresh chopped cassava
The inclusion of the stalks and leaves, however, greatly aifected daily
consumption of the whole plant silage, reducing it by approximately 25
percent This reduced consumption of whole plant silage was reflected
in average dally gains which were reduced by 14 7 percent when cowpared
to the control, fresh chopped cassava ration., The root silage supported
gains =qual to those produced by freah chopped cassava. Feed required
per unit gain was not different among treatments

It appears that the inclusion of the stalk in the whole plant sllage
reduced the acceptability of this silage by the pig The hard, fibrous
nature of the stalk prevents easy mastication and increased selection
and separatiom of the silage It is suggesated that the roots and the

leaves be ensiled for pigs but that the stalks not be inscluded,
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Gegtation Trial

Fresh Casssava

Gegtating sows should be maintaioed in a thin condition and never
allowed to become fat, To prevent the sows from becoming too heavy,
they are usually limir fed daily in individual feeding stalls Sows
maintained in confinement mormally require about 1,82 to 2 5 kiles (4
to 5 5 pounds) of a complete feed countaining 15 to 16 percent protein,
As cassava 1s generally a poor source of protein, it must be properly
supplemented with protein, vitasmins and minerals This asupplementation
can be supplied by a specially prepared high protelin feed or protein
supplement.

A feeding level of 1 B2 kilogs (4 Ibs ) of a 15 percent protein feed
will provide approximately 273 grams of crude protein,

1 82 kg x 15% = 273 grams
Therefore, a ration of fresh cassava plus protein supplement must provide
the same daily intake of protein and dry matter, A dally ration of 620
grams of 40 percent protein supplement and 3 1 kilos of fresh cassava
containing 1.0 percent protein will supply 279 grams of crude protein,

Supplement O 62 kg =x 40% = 248 grams

Cagsava 310kg x 1% = 31 grams
Total protein 279 grems

These same quantities of cassava (35 percent dry matter) and supple-
ment (10 perceat dry matter) will also supply approximately 1 82 kilos
of alr-dried feed {(approximately 10 percent moisture)

Sows on good pasture will consume forage to meet a portion of their
daily feed requirementa, Therxefore, they require less daily supplemental

feed to wmeet their autrient needs,



Expaerimert 7 Thirty Duroc x Landrace gilts and sows were allot-

ted by weight and previous record at the time of service to the three
traatpent groups  Equal numbers of sows In each group were bred to the
same boar. All sows and gilts were bred on pasture and received a kilo
of the control diet until bred. At the time of service the sows were
moved to the appropriate ¢rorral and started on one aof the following

-

three treatments
F

1. Sows were maintained on pasture and received 1 kg of a 16 per

)

cent protein cer-sovbean meal diet daily

2. Sows were maintaloed on pasture and received 1 7 kg of fresh,
chopped cassava and 0 4 kg of a 40 percent protein supplement
daily.

3. Sows were maintained in confinement on comcrete and received

3 1 kg ox tresn, cnoppeda cassava and V.92 Kg O & 4u percent
protein supplement daily.

The composition of the diets and supplements used are presented in
Table 24  The composition of the vitamip-trace mineral premix is pres-
ented in Table 25

All sows from the time of farrowing umtil weaniog were fed ad
1{bitun a atandard 16 percent protein cron-soybean meal diet

The performance data for the three sow groups are presented ia
Table 26 As can be seen from these data, the sows maintained in coun-
finement and fed 3 1 kg of fresh cassava and 0 62 kg of protein sup-
plement gained appreciably more during geatation than the other two
rreatment groups. These sows farrowed lees plgs pexr litter which re-
sulted in a corresponding lower average number of pigs weaned per litter.

Birth weights and wveaning weights of these groups were similar.
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Sows fed cassava and supplement on pasture farrowed 10 live pigs
per litter as compavred to 10 4 pigs per litter recorded for the control
Althpugh itg nutritional significance 18 not known, the cassava fed sows
maintained on pasture produced an increased number of still born pigs
(16.7 percent).

Although additional information is needed, it was demonstrated ;pat
fresh cagsava can be successfully included as an energy source for ges-
tatiog sows maintained on pasture or in confipement

lactation Trial

Dried and Fresh Cassava

Sows must produce large quantities of milk {f they are to produce
heavy litters at weaning The type of diet offered and the quantity of
feed consumed greatly influences the milk production of the lactating
sow During lactation, sows are generally fed to appetite to maiptain
milk production and prevent excessive body welght loss It was of in-
terest to determine {f cassava in both itz fresh form and dried and
ground into a4 meal could support adequate production when incorporated
Inte rations for lactating sows.

Experiment 8 Forty-four sows were assigned at parturition to three

treatment groups to evaluate fresh and dried cassava as an energy source
for lactating sows The diets and protein supplemsnt used for the three
putritional treatments are presented in Table 27 Diets 1 aond 2 ware
complete mixed, dry diets and were supplied ad libituwm in self-feeders
during the entire 35 day lactation Sows on treatment 3 were offered
daily a mixture of fresh, chopped cassava and protein supplement These
two ration ingredients were mixed in proportions that would provide a

16 percent protein ration The proportions used are presented in
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Table 28, The proper mixture of supplement and cassava was obtained by
combining 1 kg of fresh, chopped cassava with 0 16 kg of 40 percent
protein supplement, Each sow was allowed ad libitum consumption of this
mixture in a gelf«feader prasent in the farrowing crate

All pigse were weaned at 35 days and body welght changes of the pigs and
the sow were recorded., Consumption of cassava and supplement was ra-
corded daily and consumption of the other two diets was recorded at 21
and 35 days

Performance data for the sows and pigs are prenented in Table 29,
Because of chance, sows allotted to the fresh cassava treatment farrowed
leas and slightly heavier pigs. This reduced number of pigs at farrow-
ing resulted in a corresponding lower average number at weaning at 35
days, as percentage mortality from birth to weaning was similar inm all
groups and only siightly higher in group 2.

Average weaning weights were lowest for pigs from the control sows
and heaviest for pig from the fresh cassave fed sowa. These results
might be expected in consideration of the smaller lirters of the fresh
caspava group and the differences are probably pot associated with treat-
ment. The dried cassava treatment groups were intermediate in weaning
weight

Sows fed the dried cassava diets consumed an average of 5.24 kg. of
diet daily as compared to the 4 82 kg. consumed by the control sows
Sows fed the fresh cassava and supplemsnt ration consumed less air-dried
than either of the couplete, dry diet groups. These aows consumed an
average of 6 5 kg of fresh cassava and 1,21 kg of 40 percent protein
supplement per day.

Average sow body weight gains were not different in groups 1 and 2

{(11.0 vs,. 12,6 kg.) and only slightly inferlor in treatment 3 (7.6 kg.)
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Tible 1  Proximate analysis of 13 Colombian cassava varieties 1
Nicrogen-free-
Variety Moisture Protein Fiber Fat Ash extract
% % % % A % ,
Llanara 67 90 233 0 97 0 18 0 95 27 67
Santa Catalina 64 76 2 14 1 16 0 24 1 00 30 71
H-50 66 71 0 56 2 03 0 35 171 28 38
Tolima 61 85 0 40 1 35 0 25 1 54 34 61
©r o~ .50 &N R1 1 385 108 LS 1 460 iz a7
i-35 Dravae 01 21 Z Gu L 18 G 5 Lol 36 Lu
Blanca No 2 62 70 125 1 02 o 29 1 36 33 36
CMC -1 62 18 1 97 2 16 G 30 2 49 30 89
CMC -2 61 50 170 177 0 24 138 33 34
CHC -4 67 59 171 3 46 0 35 1 59 25 27
Seis Meses Comin 65 35 0 67 1 00 G 43 1 2% 31 35
Amarilla 64 16 0 59 1 64 0 33 1 81 35 90
Tempranita 77 32 063 1 07 0 24 158 19 17
La Respetada 62 84 103 102 0 22 1.36 33 49
Bartolita 68 81 018 g 77 0 25 g 54 29 05
Average 65 03 125 1 45 6M;9 143 30 84

1/ HNutrition Laboratory - ICA



TABLE 2 The effect of cassava maturity in the dry matter content and the
1/

pulp and peel percentage~

Date of 7 Dry matter 7 Composition
harvest whole root pulp peel pulp peel
1970
“February 23 34 6 37 3 22 8 87 3 12 7
March 10 34 © 37 3 250 87 1 12 9
March 30 411 41 3 36 1 g6 6 13 4
April 17 33 9 35 2 27 5 86 1 13 9
Average i 1 17 8 77 8 84 B 11 2

1/ Maner, J H and A Henac 1970 Unpublished data
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Table 3 Mineral content of 10 Coloembian cassava varisties if

Phospho- Potas-
Variety Calciunm rus Sedium sium Magghnesium
% % % % %

Llanera 0 06 0 17 0 05 0 92 0 40
Santa Catalina 0 0% 0 15 0 04 0 66 0 40
H-5Q C 1 023 0 04 1 30 0 33
Tolima 0 06 0 20 0 04 1.07 0 22
CHMC =-30 0 06 G 15 0 07 0 RO a 97
1-35 0 0s g 16 0 07 0 70 0 34
BElanca No 2 0 07 ¢ 17 0 04 185 0 31
CMC -1 0 28 0 10 009 0 84 0 45
CMC -3 013 0 I 0 08 072 0 35
CHC -4 021 019 0 05 0 58 70

Average EJO 12 g 16 0 06 0 86 0 37

1/ 3Samples of dried cassava, approximately 10 percent moisture

2/ Average at 10 samples



o)

Table § Variation of crude protein contained in 87 varieties of

1/

cassava —

Protein level, %

(¥, x 6 25) Number of samples
¢ o0 ra 120 L
1 00 2 00 39
2 00 300 29
300 4 00 10
& 00 5 00 3
5 00 & 00 1
6 0C & 40 1
Average of 2 3 percent protein for 87 varieties

1/ Samples of dried cassava, approximately 10 percent humidity

Jr——



protein nitrogen content of cassava roots, "Llanera” variets

/.2/

Whole Root Peel
Date Tatal Crude NPN Total Crude NPN Total Crude  NPN
of N Prot Nz Prot Ny Prot

harvest {046 25) (X6 25) (N%6 25)
1870
January 10 89 5 58 70 89 50 13 1 48 9 25 86
February 23 87 3 50 &0 50 12 25 130 8 20 50
March 10 g1 5 68 52 73 35 43 114 7 10 46
*March 30 g7 5 43 45 73 58 a4 87 5 43 43
April 17 102 & 35 63 82 15 39 1 92 12 00 114
May & 23 5 81 &3 85 31 48 213 —13 30 -
June 3 T4 4 &3 31 56 50 26 - - -

*

1/ Haner, J H

2/ Dry matter containing approximately 107 moisture

and &4 L Danlels

Unpublished data

CIAT
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of cassaval/

Oven-
Fresh Sample Dry Basis dried sample
n20 o Tolay NI N NPA N NPN
i % % % % % %
Whole root 63 9 0 16 063 45 20 36 18
Pulp 64 3 0 12 073 33 17 35 16
Peel 76 0 G 33 160 i1 37 67, 78 38
axe-50
Whole root 70 2 142 068 48 23 40 24
Pulp 68 1 099 066 31 21 32 21
Peel 71 8 200 140 71 50 85 46
cre-11
Whole root 58 62 36 24 g6 57 A9 s4
Pulp 58 24 32 20 80 48 &5 46
Peel 64 06 41 29 114 81 119 80

1/ Maner, J H and A L Daniels 1971 Unpublished data  CIAT,

Cali, Colomb:a



TABLE 7 Analysis of the amino acids of two samples of cassava,

"Llanera" varietyﬁf

Amino acid Sample Sample

1 2 1 2

7 Crude Protein ¥ Prorein Nitregen
Arginine 17 10 12 30 44 34 32 26
Histidine 60 33 1 67 133
Isoleucine 77 1 04 1 93 2 61
Leucine 1 24 1 52 309 3 80
Lysine 1 54 1 56 3 86 3 90
Methionine NC 33 - 82
Cystine 51 xC 127 hC
Thrpo~ . mc L. M- 218 < D
Phenylalanine 78 8% 1 S0 2 35
Valine 123 1 32 3 08 329
Tryptophan 50 50 126 126

1/ Maner, J E 1971 Unpublished data



.

TABLE 8 Summary of the results obtained in evaluation surveys of cassava as

feed for growlng-finishing pigs 1927-1941

LN

S 2o

Level Pig Average Feed/ Source
of weight, daily Gain, Author
Cassava kg gain kg Date
% kg
20 11-26 g 206 2 65 Hondofiedo & Bayon, 1927
20 28-40 0 175 6 52 "
‘30 39-62 0 325 6 46 "
20 32«60 0 395 4 76 Mondofiedo, 1928
10~25 - 0 559 4 10 Fullerton, 19329
<3 LU= 20 U woB g 56 Mondofiedo & Alonte 1931
24-40 1582 0 609 4 03 Woodman, gt al , 1931
5 - 0 420 3 32 Alba, 1937
10 - 0 420 5 38 "
15 - 0 400 5 47 "
20 - g 350 & 01 .
15 12-30 0 250 351 Aslco, 1941
20 30-50 0 280 6 35 "
25 50-70 G 300 & 86 "
15-25 12-70 0 270 5 68 "




TABLE 9 performance of growing-finishing pigs fed diets containing 0, 20

and 407 sun-dried cassava meal l/

Level of Protein

Average Feed
cassava Percentage daily Conversion
meal of the diet gain, kg Feed/Gain
0 21 0 0.527 5 29
20 200 0 S44 519
40 18 7 0 607 4 63

1/ Mejta, 1960 Seven pigs per treatment, initial weight 15 2 kg ,

final weight 89-100 kg
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Table 10 Cemposition of basal diet and protern supplement utilized in

Experinent 1 and 2

Ingrecients Basal Diet Protein Supplement
% 7
Soybean meal 10 59 61 50
Cottonseed meal 3 53 20 33
Corn 81 33 -
Bone meal 2 00 7 90
FIrIn T E~TTALE GiTeudl prefea 1/ 2 33 v U/
*  Total 100 00 100 GG
1/ Contributed 2500 I U wvitamin A, 250 I.U wvitamin D, 2 5 mg

riboflavin 12 5 mg mnaiacin, 7 3 mg pantothenle acid 125 mg
choline chloride, 16 5 mg witamin Bl2, 530 mg chlorotetra-
cycline, 51 5 mg Mn, 2mg Co, &4 4 mg Cu, and 45 & mg In
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 Proxirate anal,sis of basal diet, protein supplement and

cassava utilized o Experiments 1 and 2

Spurce
Basal Protein
Proximate Analysis Diat Supplement Cagsava
pA % %
Morsture 10 84 8 60 63 76
Protein 19 81 42 88 1 04
Tihovr 3 8¢ A 1 ne
Ether extract 4 B4 1 &7 0 26
-
Ash 6 57 14 85 0 88
Nitrogen-~-free extcract 51 11 20 74 32 02



Table 12 Performance ¢f pigs fed basal diet or vaw cassava and protein

supplement  Experiment 1

1 2 3
Basal Faw cassava + Raw cassava -+
Dilet Supplement Supplement
I ten Ad  Lib Controlled
1/ -
Av dail-’ gain,kg =~ g 763 0 774 0 730
Av daily {n ,wet cassava,kg - 366 3.84
27 -
oY MBLAY Lii o, ULY LabDavayREg — - Y FR
Av daily 1n , supplement, kg - 0 92 075
2
Av daily in , total kg 2/ 2.69 239 2 28
Feed/unit gain,kg 152 309 312

1/ Five pigs per treatment, 112-day experiment, Av initial wt

19 1 kg , Av final wt , 102 8 kg

2/ Intake expressed on a 10% moisture basis

]
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Table 13 Level of protein supplement fed to pigs on controlled proteir

intake based on body weight =~

1/

Daily (NRC) require- Level of

ment for Protein plus Supplement

Weight of Pig 107 Fed daily
¥g ¥g Kg
25 0 250 0 582
30 0 275 0 641
35 0 285 0 688
40 0 320 0 747
45 0 344 gLEC2
50 0 360 0 839
55 0 375 0 875
60 0 385 0 8398
65 0 400 0 931
70 0 415 0.967
75 0 429 1.001
80 C 444 1.036
85 B 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 exper:

ment 3
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Table 14 Performance of pigs fed basal diet or raw cassava and pro-

tein supplement  Experiment 2

1 2 3

Raw cassava+ Paw cazsa

Lten Supplement Supplemen!

Basal Ad Lib Controllec

1/ ;

Av daily gawin, kg = 0 843 0 B34 794
Av daily intake, wet cassava, kg - 4 03 B9
Av  daily intake, dry cassava, kg 2 1 63 57
Av daily intake, supplement, kg - 117 73
Av daily intake, total kg 2/ 2 89 2 80 30
Feed/unit gain kg 343 3 36 an

1/ Five pigs per treatment, %8-day experiment, av
ay final wt

kg

2/ Total expressed on an approximately 10% moisture basis

L4

, 98 6 kg

!

initial wt , 17 8
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Table 15, Composition of protein supplements fed with raw cassava to

growing~finishing pigs  Experiment 3

Treatoents 1 2 3 4 3 &
Ingredients
% % A T A 7
Soybean meal (SCM) &5 Q0 B4 00 64 Q0 90 00 BB G0 88 00
Cottonseed meal {(CSM) 25 40 24 00 24 090 - - -
Bone meal g 00 8 00 8 00 8 00 8 00 8 00
Vitamin-trace 2 00 4 G0 4 G0 2 60 4 00 4 00
mineral premix l/
Total 100 00 100 VU LUy vy 10u wo  «oo B0 120 o0

1/ Centributed 3 mg riboflavain, 11 mg pantothenic acld, 25 mg niacin,
123 mg choline chloride, 16 5 mg wvitamin B12Z, 250 I U wvitamin D,
2500 1 U wvitamin A, 51 5 mg of Mn, & & mg Cu, 2 mg Co, 45 5 mg
Zn, and 5 mg chlootetracycline per kg of finished feed
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Table 18 Level of protein supplenent fed to pigs ou controlled pro-~

tein i1ntshe based on body weignt Y
Individual Daily revel of 42 B85 Pro-
Requirement for tein Supplement to
Weight of Pig Protein Supply daily requa
Kg Kg Kg
25 0 227 0 529
30 0 2590 0 583
35 0 2¢8 0 625
40 0 231 0 679
43 0 313 0 730
5¢ o 327 U 765
55 U o34l U 795
60 0 350 0 816
65 0 363 0 846
70 0 377 0.879
73 0 390 0 910
86 0 404 0 942
85 0 419 0.977
950 0434 1.012
95 0 445 1.038
100 0 463 1.080

1/ Level as indicated supplied per pig on treatment 3 in experiments i
aod 2
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Table 17

of growing-finishing pigs fed raw cassava

Experiment 3

Influence of protein source and vitamin-trace mineral level

Protewn Source SO0M + CsM SOM

Vit ~trace 2% 2 X 2 X 2 X
Min=Supplenent Normal  Normal  Normal Normal  Normal  Norwal
Method Fed Ad«Lib  Ad-Lib  Centrol  Ad-Lizb  Ad-Lib  Centrol
Av  daily gain, 0 687 0 637 0 614 0 627 0 6861 0 518
wg L/

Av daily intake, 3 89 365 350 341 367 3160
fresh cassava, kg

Av daily 1ntake,2f 138 1 30 125 121 i31 128
dry cassava, kg -~

Av. daily intake 0 83 0 9% 0 &7 i #0 D73 o 51
supplement, kg

Av daily intake, 2 21 2 23 1 92 1.91 2 04 189
total, kg 2/

Feed/unit gain, 3 22 3 38 3 10 303 3 07 306
kg

Percent Protein 17 20 18 &0 15 80 17,50 17 40 15 40
in Diet Cons ,%

1/ Sixteen pigs per treatment, 8 pigs in each of two replications, 84~

day experiment, Av

winitial wt , 23 O kg

%f Cassava calculaced on 10 percent molrsture basis
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Table 18. Composition of protein concenrrates to supplement fresh cas-

sava diets for growing-finishing pigs

| Protein Supplements

Ingredients 1 2 3 4 5 6

% % % A A 1A
Corn 11 20 26 80 i1 20 33.00 25 00 29 60
Soybean meal 78 10 ~ - - - -
Meat meal - 70 50 - 44 30 21 3C -
Blood meal - - - 20 00 20 00 -
Cottonseed mMmea: - - 76 3% - 35 8¢ 30 S8
Fish meal - - - - - 36 70
Bone meal 8 Q0 - 8 00 - 1 00 1 00

Vitamins and mineralsl/ 270 270 2 70 2 70 270 270

Total 100 00 100 00 100 00 100 GO 100 00 100 00

Crude Protein Analysis, % 43 00 49 44 37 75 48,50 44 69 40 25

1/ The viramin and mineral premix supplied the following guantities per
kilo of finished diet  witamin A, 2633 I U , vitamin D3, 287 1 U ,
ribeflavina, 4 6 mg , pantothenic acid, 10 12 mg , niacin, 33 75 mg ,
Caleio, 1350 mg , B12, 24 %5 mg , ¥n , 32 65 mg , Cu, 12 03 mg , 7n,
67 57 mg , clorotetracycline, 27 33 mg and salt 6 75 gm
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Table 19

of different protein sources

Performance of growing-finishing oigs fed protein supple~ents

Av Av  daily Av  daily

1/ daily cons fresh cons Feed
Treatment— gain rassavas suppl Galnm[
Fresh Chopped Cassava plus G Kg Kg kg
1 SM 723 4 00 G 80 3 25
2 MM 684 340 0 78 307
3 CM 592 213 079 3 38
4 ¥4 + Bl 228 388 oW 3 32
5 MM+ BM 4+ M 724 4 G0 0 80 338
6 M+ M 679 4 08 073 3 47

Average 687 375 0 83 3 31

blogd meal and FM 1s fish meal

3/ Calculated on 10 percent moisture basis

1/ SM 1s soybean meal, MM 1s meat meal, CM i1s cottonseed meal, BM 1s

2/ BExpressed on 63 percent moisture or 35 percent dry matter basis
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Table 20 Composition of experimental diets containing different

levels of cassava meal Experiment 5

D1et s

Ingredients 1 2 3 4 5 6 7 8

% % A % % % % %
Dried ground yucal/ - 25 72 48 65 69 25 - 21 70 41 04 58 2¢

Ground yellow corn 81 31 51 43 24 33 - 69 00 43 38 20 52 -
Soybean meal 7 6% 11 85 16 02 19 75 10 00 13 92 17 45 20 %
Cottonseed meal 7 00 7 00 7 00 7 00 7 00 7 00 7 00 7 O«
Cauae molasses - - - - 1080 1000 1200 10 UM
Bone meal 200 200 200 200 200 200 200 2
Vitamln-trace—2 200 200 200 200 200 2,00 200 2 0C

mineral premix—

Totals 106 00 160 0O 100 00 100 0O 100 00 100 00 100 00 100 QC

1/ bDried 1in forced-air oven at 180°F

2/ Contributed the same concentration of vitamins and trace minerals
as in premix in Table 10
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Table 21 1Influence of level of cassava meal on performance of growing

finishing pigs

Results 1/ Av dairly Daily feed Feed/unit
Treatments gain, kg ratake, kg gain, kg
1 Basal 0 772 2 68 347
2 25 72% cassava 0 744 2 66 3 37
3 48 657 cassava 0 743 2 79 376
4 69 25% cassava 0 708 2 48 3 49
5 Basal+l07% molasses 0 888 3 38 384
&  2zi 70% cassava+riOi morasses 0 827 2 95 3 56
7 41 047 cassava+l0% rolasses 0 777 300 3 85
8 58 26% cassava+lO¥% wmolasses O 757 2 73 3 54

kg , Av fimal wr , 104 3 kg

1/ 8ix pigs per treatment, 1ll-day experiment, Ay

initial wr , 18 3



Table 22, Corposition of Protein Supplement utilized with Cassava

Sitlage for Growing-finsihing Pigs

Ingredients £07 Protein Supplerent
Corn 11 20
Tattamnced =045l 78 190
Bone Meal g 00
Vitamin and Mineral Premix 2 70

Total 100 a0




Table 23 Cassava silage for growing-finishing swine

Av daily Av  dairly Av dallg&g

intake of intake terght Feedéi
Treatnent fresh cassava suppl gain gains
Protein supolevent plus kg kg gm kg
1 Fresh chopped cassava 4 04 1 GO 750 343
2 Cassava root silage 3 84 1 01 770 325
3 Root and foliage slage 3 05 1 06 640 3 52

1/ Five pigs per treatment, Av initial weight 18 34 kg , Av final
wt 98 8 kg Length of trial, 112 days

2/ Ingredients expressed on approximately 107 moilsture basis
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Table 24 Composition of Diet znd Supplements used for Cestating Sows

1 2 3

16% 407, L0
Treatments Control Supplement Fed  Supplement Fed

Diet on Pastyure 1o Confinemant
Ground Corn 74 80 - -
Soybean meal 18 00 64 08 66 75
Cottonseed meal - 20 53 20 53
Iodized salt g 90 - -
GCaicium Ccarponare T RTY - ~
Bone meal 3 00 7 8G 7.940
Y¥it and Min Premix 3 00 749 4 872

Total 100 40 100 00 100 00
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Table 25 Vitamin-Trace Minerzl Premix Used in Rations for Gestating

Sows fed Fresh Cassava

Ingredients

Quantity per 100 kg
Control Diet

Vitamin & (325 000 I U /g=
Vitamin Dq (200,000 L ¥ /gm )
Riboflavin, 40%

Calcium Pantotenate (70 6 gm /kg )
Niacin, 507

Coline chloride, Z5%

Vitamin Bin R me /bg N
Manganese Sulfate

Copper Sulfate

Zinc Sulfate

Aurofac 10 (10 gm /kg )

-

Ground corn

Total

1 84

0 15

Z 25
47 79
15 ¢o
300 oo
o) e Jo
22 50
5 25
37 50
150 00

2.338 16

3 000 00
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Table 26

Fresh cassava Jn gestation in pasture and confinerent

1 kg 1 7 kg £resh 3 1 ~g zresh
Control cassava+l & cassava-0 62
diet kg suppl hE sunal

Treatments deily- protein on proteit 1o
pasture ovasture contiremant

No of sows served,No 16 10 10

No of sows farrowing,ho 9 7 7

Av sow wt at gervice, kg 165 8 163 6 152 8

Av sow wt at 30 days,kg 172 6 173 0 170 8

Av sow wt at 60 days,kg 181 & 180 8 183 ©

Av sow wt at 90 days kg 182 1 185 1 190 2

Av sow wt at 1G53 days,kg 185 7 188 5 180 5

Av sow gain gestation,kg 19 9 25 9 37 7

Av sow wbt Z4 hrg post-partum kg 164 3 163 9 174 9

Av sow wt 21 days postepartum,kg 171 ¢ 176 & 182 %

Av sow wr 35 days post-partum,kg 177 5 171 6 i82 3

Av sow gain,lact kg 13 2 77 8 4

Total no pigs born,Ho 97 B84 54

Total no pigs b;fn dead,No 3 14 0

Total no pigs born alive,No 9% 70 54

Av no plgs per litter,No 10 4 10 ¢ 7.7

Av no pigs at 21 days,No g8 73 & 9

Av no pigs at 35 days,Ne 8 13 7.3 6 9

Av barth wt ,kg 1 QSMMW 112 1 18

Av 21 day wt kg & 24 361 3 84

Av 35 day wt kg & 94 6 05 6 49
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Table 27  Composition cf diets and supplement used for lactating sows

Control Cassava meal 407 protei
Ingredients diet, 16% diet, 18% supplement
Cassava meal - 59 20 -
Cround corn 81 35 - -
Cane molasses - 10 00 -
Sovbean maal 15 00 27 40 87 10
Salt 0 50 0 30 161
Bonie Moas Z 50 2 49 > od
Caleium carbonate 0 15 - -
Afsilinl/ 0 50 0 50 161
Total 100 00 100 00 100 00

1/ Commercial Vitamin and trace mineral premix
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Table 28  Proportion of cassava and supplement fer 167 protein ration

Fresh casgsava if, kg 40 percent prortein sunplement, g

1 GO 0.18

2 00 0 32

300 O 48

4 00 0 64

5 00 0.80

6 00 0 9

7 QU 112

g oo 128

- g 00 1 44
10 00 1.60

1/ Based on cassava containing 35 percent of dry marter basis and
2 417 protein
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Table 29  Performance of Lactating Sows Fed Fresh and Dried Cassava

Diets

b 2 3

16% 167 40% Protein
Tredtments Control Dried Sunplement,

Diet Cassava  Fresh Cassava

No of sows, No 13 15 16
Av numbey pigs at birth, No 10 8 16 1 9 3
Av number pigs at 35 days, No S0 798 76
Mortality, % 16 4 22 4 181
A ooth oWty W2 1 i8 1 ZZ 1 3o
Av ut at 335 days, kg 5 43 & 80 7 63
Av intake creep diet,kg /pig. 0 302 0 530 0 268
Av wt  of sows 24 hrs pest-partum 179 3 170 6 158 3
Av wt of sows at 21 days. 187 8 177.2 165 8
Av wt of sows at 35 days 190 3 183 0 163 8
AV sow gain,kg i1 ¢ 12.6 15
Av daily intake cassavaifkg - - & 30
Av daily intake supplement,kg - - 1 21
Av total daily intake, kg & 82 5 24 3 74

1/ cCassava conta.ns 35 percent dry matter



oy g

Pr—

ST oKWY TSI,

o W

e

it R

- -

L - TR AR T L Y

FIGURE 1

Growth Curves of Treatment Groups in Experiment

Diet 3
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FICURE 2 Average Daily Voluntary Conzumption of Cassava and Pratein
Supplement Fed Free Cholce, Calculated at Weekly Intervals
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FICURE 2  Averige Dally Voluntary Consucption of Cassava and Protelin
Supplement Fed Free Cholce Calculated at Weekly .ntervals
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Average Daily ¥Yoluntary Cotsumption of Cassava ane Protein Su
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