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Cassava as a Feed Source for Ruminants 

C. Devendra1 

Present knowledge concerning cassava as a feed source for ruminants with respect to 
type of feeds from the cassava plant, nutritive value, utilization of leaves, stems, and 
tubers, pattern of starch digestion, utilization of nitrogen, and HCN toxicity is reviewed. 
Only limited information currently exists concerning cassava in ruminant feeding, and 
several pertinent areas for research exist. 

The approximate proportions of principal products and by-products of the cassava 
plant at maturity are 6% leaves, 44% stems, and 50% tubers. The latter is made up of 
8% peelings, 11% water, 31% starch, and pomace, a by-product of starch manufacture, 
contributes 17% (chemical composition is reported). The crude protein content of the 
leaves is relatively high, but they have been inadequately used as a protein source. A 25% 
level of cassava forage (leaves + stems) with 75% grass appears to be promising. Tubers 
can be substituted for cereals or other carbohydrate energy sources without any loss in 
performance, especially of dairy and beef cattle, with attendant feed cost reductions. The 
potential to increase the use of tubers and leaves to supply energy and protein require
ments, and possibly use leaves and stems as forage, is quite enormous. 

Both balance and feeding trials indicate that 
about 20--30% dietary levels of cassava chips 
are most efficiently utilized. Higher levels, 
while supplying increased energy, are less well 
utilized due to reduced digestibility, probably 
because of reduced amylolytic activity in the 
intestinal tract posterior to the rumen. In rice 
straw-molasses diets with cassava chips, maxi
mum N retention occurred when urea supplied 
62-63% of the total crude protein require
ments. Supplemental DL-methionine signifi
cantly improved crude fibre digestibility, sug
gesting that it may be important in stimulating 
the activity of cellulolytic rumen bacteria. 
Very little is known about the effect of cassava 
feeding on HCN toxicity and other deleterious 
effects in ruminants. 

Deficiencies in our knowledge justify re
search in the following areas: feeding value of 
leaves, stems, and tubers; digestion in the 
rumen and the intestinal tract; effect of proc
essing including carbohydrate structure; cy
anogenic glucosides; and development of ap
propriate feeding systems and technologies 
suited to cassava utilization by the ruminant. 

One feature of the productivity of rumi
nants in the tropics is their inherent low level 
of performance, which is invariably associated 
with substandard nutritional management and 
inadequate exploitation of the attributes of the 
individual species, such that their potential 
productivity is often never realized. 

This low productivity is dependent primarily 

1 Malaysian Agricultural Research and Devel
opment Institute, Serdang, Selangor, Malaysia. 

on the availability, particularly, of energy and 
protein. Both components are invariably the 
major constraints to increasing productivity 
from ruminants in the tropics. In some coun
tries, such as those in the Caribbean, energy 
rather than protein is the main limiting factor; 
whereas, in others such as those in Southeast 
Asia, the reverse is true. Often, both nutrients 
are limiting and the situation becomes even 
more acute when the need for, and depend
ence on them is accentuated by the use of 
traditional sources of energy, notably maize. 
The situation is often compelling enough to 
explore other local sources of energy, notably 
carbohydrates and to a lesser extent fats for 
ruminant feeding. 

This approach has led to an examination of 
the availability and potential value of energy 
yielding feedstuffs in several countries in the 
tropics. Perhaps the most significant demon
stration of this approach concerns sugarcane 
and its by-products (Preston and Willis 1969; 
Preston 1974). Similarly, consideration is also 
being directed at other high energy feedstuffs 
to alleviate the low level of nutrition, and 
therefore performance, of tropical ruminants. 

Notable among the potentially very useful 
energy feedstuffs is cassava (Manihot escu
lenta), a traditional subsistence crop of low
income families in the humid tropics, and 
probably the most important root crop for 
feeding humans and domestic animals. It is 
bulky, high in energy, low in protein, and pro
duces relatively high yields per unit area of 
land; therefore, it represents an important 
supply of energy for feeding livestock. Conse-
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quently, it is becoming increasingly recog
nized as an attractive substitute to traditional 
energy sources like maize. In Venezuela, for 
example, cassava is favoured over maize or 
wheat because of its yield, and agronomic and 
nutritive characteristics (Ferrer 1970). Some 
idea of the relative yield of cassava compared 
with other energy sources in Malaysia is given 
by the following yield data (ME2 on a dry 
matter basis): cassava 25 tonnes/ha, 23.9 
MJ/ha; maize 3.4 tonnes/ha, 9.9 MJ/ha; rice 
2.5 tonnes/ha, 7.3 MJ/ha; sago 20.9 tonnes/ 
ha. 12.0 MJ/ha; sorghum 4.5 tonnes/ha, 12.4 
MJ/ha; sweet potato 12.5 tonnes/ha, 14.3 
MJ/ha; whole sugarcane (derinded stalk) 69.2 
tonnes/ha, 71.2 MJ/ha; and final molasses 2.8 
tonnes/ha, 4.9 MJ/ha. 

Although cassava has been used in diets for 
livestock, the efforts have been mainly di
rected at nonruminants, and there is a con
siderable amount of data on utilization by 
pigs (Modebe 1963; Devendra 1963; Maner 
1972; Maust et a!. 1972a; Tillon and Serres 
1973; Hew Voon Fong 1975), and poultry 
(Klein and Von Barlowen 1954; Yoshida 1970; 
Hutagalung et a!. 1973; MUller et a!. 1974a; 
Syed Ali and Yeong 1976). 

By comparison, the situation regarding uti
lization of cassava by ruminants is scanty, 
probably for four reasons: (1) the traditional 
view that the high energy, low protein, and 
low fibre content of cassava make it more 
suited for feeding to nonruminants; (2) the 
traditional dependence on maize as the main 
energy source; (3) the presence of hydro
cyanic acid (HCN) and problems of toxicity; 
and (4) its value for human consumption. 

Additionally, only recently has consideration 
been given to the potential feeding value of 
other parts of the cassava plant (leaves and 
stems) in the diets of ruminants. This review 
attempts to bring together the information 
currently available concerning all aspects 
(roots, stems, and leaves) of cassava as a feed 
source for ruminants. 

The principal products and by-products of 
the mature cassava plant (12 months), ex
pressed as a percentage of the whole plant, 
that can be exploited for animal feeding are: 
leaves 6%; stems 44%; and tubers 50% (com
prised of 11% water, 8% peelings, and 31% 
starch). The stems and leaves are by-products 
of tuber harvesting; whereas, pomace (about 

21 MJ = 238.89 kcal. 

17% of the whole plant) is a by-product of 
starch manufacturing and has an extraction 
rate of 55-57% (Devendra 1976a). These 
values are only approximate and it is empha
sized that they vary with the rate of produc
tion and also are influenced by climate, soil 
type, age at harvest, and fertilization. 

A variety having a larger proportion of 
tubers would suggest its superiority for use in 
human nutrition; whereas, if the proportion of 
stems to tubers is approximately equal this 
reflects a lower tuber yielding variety. 

Nutritive Value 
The proximate composition of the cassava 

plant (Table 1) indicates that the roots are 
a concentrated source of energy. Of signifi
cance is the fact that the leaves have a rela
tively high content of crude protein, and that 
the stems have approximately half this con
tent. The former compare with crude protein 
contents of 15-30% in Brazil (Pereira 1966; 
Silva 1966); 25.5% in Florida (Ramos-Ledon 
and Popenoe 1970), 27.0% in Singapore 
(MUller et al. 1974a,b), 22.3% in Sri Lanka 
( Siriwardene and Ranaweera 197 4), and 
28.0% from Colombia (Moore 1976). The 
crude protein content of the stem (10.9%) is 
comparable to the value of 11.3% reported 
from Colombia (Moore 1976). Of the main 
products, the stems, understandably, have the 
highest crude fibre content (approximately 
23.0%), comparable with 22.0% reported by 
Moore (1976). 

The nutritive value of cassava roots has 
been reported by French (1937) and Oyenuga 
(1955) in Africa; Maner (1972) in Colombia; 
MUller et a!. (1974b) in Singapore, and Hew 
Voon Fong (1975) in Malaysia. Mudgal and 
Sampath (1972) have reported that the nutri
tive value of cassava was 1.46 DCP and 83.3 
kg TDN/ 100 kg dry matter. In view of the 
relatively high content of crude protein in the 
leaves (23.2%) it is relevant to consider the 
nature of their amino acid profile (expressed 
as grams/16 grams N): arginine 5.1; cystine 
1.0; glycine 4.6; histidine 2. 7; isoleucine 4.3; 
leucine 4. 7; lysine 7.1; methionine 1.1; phe
nylalanine 3.6; threonine 4.7; tryptophan 1.0; 
tyrosine 3.2; and valine 6.4. 

The amino acid profile is similar to that 
reported by MUller et a!. (1974b) and Hutaga
lung et a!. (1974). The sulfur-containing 
amino acids, cystine and methionine, are low 
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Table I. Chemical composition of feed from a mature cassava plant 
(% dry matter basis). 

Leaves Stems Roots' Peelings Pomace 

Crude protein 23.2 10.9 1.7 4.8 1.8 
Crude fibre 21.9 22.6 3.2 21.2 24.2 
Ether extract 4.8 9.7 0.8 1.2 0.4 
Ash 7.8 8.9 2.2 4.2 3.4 
Nitrogen-free extract 42.2 47.9 92.1 68.6 70.2 
Ca 0.972 0.312 0.091 0.312 0.712 
p 0.576 0.341 0.121 0.127 0.112 
Mg 0.451 0.452 0.012 0.215 0.219 
Gross energy (MJ /kg) 

1lncludes peelings (referred to as chips). 

in relation to the other amino acids, which 
Rogers and Milner (1963) have also noted. 
Methionine could therefore easily be limiting 
if the amount naturally present is associated 
with the detoxification of hydrocyanic acid 
(HCN). 

Utilization of Leaves 
Of the cassava feed products of value to the 

ruminant, the leaves are probably the least 
exploited, despite their relatively high crude 
protein content. The main reason for this is 
probably associated with the recognition, and 
indeed use in Africa and parts of Southeast 
Asia, of the leaves as a protein source for 
humans (Terra 1964). Considerable effort has 
been directed at extracting proteins from the 
leaves; however, limited progress has been 
made because of the high cost of extraction. 

Few reports exist on the value of feeding 
cassava leaves to ruminants, but they have 
been used for feeding calves in France (Guin 
and Andouard 1910) and cattle in Cuba (Os
valdo 1966) . In Madagascar, Seeres (1969) 
reported the use of the leaves to fatten lean 
Zebu cattle; very fat carcasses were reported. 
In Brazil, leaves are considered valuable as a 
forage especially in the dry season when feeds 
are scarce (Gramacho 1973). The lack of in
terest in the use of cassava leaves to feed rumi
nants is related to: (1) decreased root yields 
due to harvesting the leaves (Mohd. Ismail 
Ahmad 1973); (2) relatively low yields during 
harvesting at maturity; (3) possibilities of 
HCN toxicity, especially with bitter varieties; 
and (4) inadequate appreciation of the rela
tively high crude protein content of the leaves. 

It is interesting to note that fresh leaves are 
commonly fed directly to ruminants after sun 
drying. This is believed to reduce the level of 

2.59 2.67 15.6 2.96 2.39 

HCN in the leaves by interaction with the 
sun's heat. This point, however, is not entirely 
supported by HCN levels (mg/kg) recorded 
after sun drying fresh leaves (Black twig): 
fresh variety 235; after 2 h 470; 4 h 475; 6 h 
470; 8 h 445; 10 h 324; and after 24 h (oven 
drying at 36 oq 120. The effectiveness of 
36 oc in reducing the HCN content is in agree
ment with the reports of Charavanapavan 
(1944) and Joachim and Panadittsekers 
(1944). The reason for the higher values may 
be due to prevention of autolytic hydrolysis 
of the glucosides consequent to elevated tem
peratures, and possibly also due to the fact 
the leaves were not mechanically damaged. 
Recently, a technique has been developed in 
Sri Lanka to reduce the HCN content by dry
ing the leaves (Siriwardene and Ranaweera 
1974) for feeding purposes. In view of their 
relatively high content of crude protein, the 
importance of cassava leaves as forage and as 
a protein source for ruminants needs to be 
recognized in situations where protein is the 
main factor limiting improved animal produc
tion. 

Although evidence for the direct utilization 
of cassava leaves by ruminants appears to be 
scarce, by comparison, attention has been 
given to feeding the foliage (leaves + stalks). 
In Costa Rica, Echandi (1952) showed the 
foliage to be as good as alfalfa meal. Grazing 
milk cows given the meal gave 90-96% as 
much milk as those receiving equal amounts 
of alfalfa meal, and because the latter was 
imported, the economic value of the cassava 
is obvious. Meal made from leaves and stalks 
was considered suitable for animal feeding in 
Brazil (Normanha 1962). 

More recently, detailed studies have been 
conducted in Colombia on the feeding value of 



110 CASSAVA AS ANIMAL FEED 

Table 2. The effect of feeding elephant grass 
supplemented with cassava foliage' (Moore 1976). 

75% 50% 
grass+ grass+ 

25% 50% 
100% cassava cassava 
grass foliage foliage 

Initial live weight 
(kg) 265.5 276.3 270.0 

Final live weight 
(kg) 342.5 392.7 379.0 

Daily L W gain (g) 306.0 461.0 445.0 
DMI/day (kg) 5.4 6.3 6.1 
Feed efficiency 17.6 13.7 l3. 7 

1 Refers to leaves plus stems. 

the foliage for ruminants (Moore 1976). The 
evaluation involved feeding steers weighing 
250 kg live weight one of three treatments: 
(1) feeding elephant grass alone (Pennisetum 
purpureum); (2) 75% elephant grass+ 25% 
cassava foliage; and (3) 50% elephant grass 
+ 50% cassava forage. The results are sum
marized in Table 2. 

Treatment two (75% elephant grass + 25% 
cassava foliage) with a crude protein content 
of 9. 7% gave the highest daily live weight gain 
compared with all grass (with 6.0% crude 
protein) and the 50% grass + 50% cassava 
foliage (with 13.0% crude protein). The re
sults suggest the adequacy of a 9.7% crude 
protein content, and that feed efficiency was 
improved by the inclusion of cassava foliage. 
Moore (1976) also reported that feeding cas
sava foliage with chopped sugar cane was 
superior in daily live weight gain and feed 
efficiency to feeding cassava foliage plus 
Desmodium distortum having a 23% crude 
protein content. 

Utilization of Tubers 
Of the feed components of cassava, roots 

have the greatest value because they contain 
concentrated energy. Considerable attention 
has therefore been given to their use in diets 
for ruminants, especially dairy cows. Although 
roots have been used quite extensively to feed 
both dairy and beef cattle, very little use has 
been made of the leaves as a protein source, 
or of the leaves and stems as forage (Table 3). 

Dairy Cattle 
Lucas (1914, 1915), Mallevere (1914), 

Henke (1919), and Cossettes (1921) observed 
that cassava was of high quality for feeding 
dairy cows. Cassava reportedly gives butter 
that is firmer (Brouwer 1933), does not taint 
the milk (Pyanart 1951), and is efficiently 
utilized by dairy cows (Mandoica 1962; Albu
querque 1971). Morimoto (1950) studied the 
feeding value of cassava "ampas" as a substi
tute for beet pulp, and reported that feeding 
ampas resulted in greater milk and milk fat 
yields. 

Cassava feeding (Table 3) generally in
creases milk yield (Cardoso et al. 1968; Ola
luku et al. 1971). In dairy heifers, Pineda and 
Rubior (1972) reported that cassava feeding 
increased total live weight gain and reduced 
both age at first breeding and the average 
number of services per conception. Assis 
(1962) studied the effects of feeding cassava, 
sweet potatoes, or edible canna as a winter 
feed supplement to dairy cows in a switch
back design, and demonstrated that cassava 
significantly increased milk production by 
19.5% compared with 7.8% for sweet pota
toes. Edible canna had no effect. The response 
to cassava is probably a result of the relatively 
higher supply of ME from cassava (ll. 9-14.6 
MJ/kg) compared with sweet potatoes (11.0-
13.4 MJ/kg) for cattle. 

In view of the potential value of cassava 
to supply energy, several studies have reported 
substitution of the main energy source by cas
sava; these include potato flour (Pernot 1909), 
maize gluten (Mallevre 1914), beet pulp 
(Morimoto 1950), sorghum (Barrteria 1969), 
maize (Peixoto et al. 1955; Pineda and Rubior 
1972), and oats (Mathur et al. 1969). Because 
in a number of these reports the response has 
been higher milk and fat yields and live weight 
gains, the results suggest that cassava repre
sents an important source of energy in dairy 
cow diets, which is associated with improved 
performance. It is apparent therefore that 
very much more use can be made of cassava 
in those countries where it is readily available. 

Beef Cattle 
Several reports suggest increased live weight 

gains of beef cattle fed cassava (Table 3). 
Johnson et al. (1968) fed four groups of 
Angoni X Boran steers for 150 days with one 
of four diets based on: bran; cassava; corn 
and cob; or a commercial concentrate mixture. 
The calves fed on the commercial concen
trate and cassava-based diets gained signifi-



DEVENDRA: FEED SOURCE FOR RUMINANTS 111 

cantly (p < 0.01) faster than those fed bran 
or corn and cob-based diets, and were similar 
to calves that were suckled by the dams and 
weaned at 7 months of age. Better perform
ance due to cassava has also been reported by 
Montilla (1971) in young bulls fed with a diet 
containing 40% cassava meal, which gave a 
much better performance than maize meal. 
On the other hand, Soewardi et a!. (1975) re
ported that Ongole grade heifers fed alanga
Iang (lmperata cylindrica) supplemented with 
either maize or cassava meal, and fed at 3% 
metabolic body size, gave a higher biweekly 
live weight gain per head (7.63 vs. 3.34 kg) for 
maize supplementation than for cassava. In 
Africa, supplementing poor quality hay with 
cassava significantly increased the dry matter 
intake of Zebu cattle (Karue eta!. 1973). 

In Malaysia, cassava supplementation in 
diets for Kedah-Kelantan calves increased daily 
gain, feed efficiency, and age at first service 
compared with feeding Napier grass (Penni
setum purpureum) alone (Devendra and Lee 
Kok Choo 1975). More recently, the effect of 
feeding increasing levels of cassava meal (30, 
40, 60, and 80%) in the concentrate fraction 
(25% of total dry matter intake and 75% 
from Napier grass) to Kedah-Kelantan heifers 
was studied. At 30, 40, 60, and 80% levels of 
cassava inclusion daily live weight gains (6-24 
months) were: 318.7, 287.3, 312.9, and 281.3, 
respectively; whereas, the efficiencies of feed 
conversion (kg dry matter/kg of live weight 
gain) were: 12.4, 14.25, 12.90, and 14.53. Sig
nificant differences were found (p < 0.05) be
tween the 30 and 80% levels for both of these 
parameters. The best growth rates and effi
ciencies of feed conversion were recorded with 
the 30% level of inclusion. For all treatments, 
correlations of mean live weight with heart 
girth, height at withers, body length, and hip 
width were highly significant (p < 0.01). De
vendra and Lee Kok Choo (1976b) also re
ported improved carcass characteristics due to 
cassava feeding. 

Cassava has also been used to replace 50 or 
100% of the barley in diets for growing calves 
in India, and was found to improve growth 
performance (Mudgal and Sampath 1972). 
These authors also reported beneficial re
sponses from feeding cassava to old bullocks. 

The beneficial responses reported for both 
dairy and beef cattle suggest that as an energy 
source cassava can replace the cereal com
ponent of the diet. More importantly, several 

reports have also demonstrated that these 
benefits are associated with a reduced cost of 
feeding (Echandi 1952; Peixoto et a!. 1955; 
Valdivieso and de Alba 1958; Cardoso et a!. 
1968; Mandioca 1969; Gontijo et a!. 1972). 
Because home grown cassava is relatively 
cheaper than imported feedstuffs for cattle, 
the potential value of cassava in import substi
tution is quite enormous. Not enough atten
tion has been given to developing this advan
tage in those areas of the tropics where there 
is a tradition of cassava cultivation. 

Goats and Sheep 
No studies have been reported concerning 

the value of various cassava products in the 
diets of goats and sheep. Cassava peelings have, 
however, been fed to goats and sheep in French 
Equatorial Africa (Walker 1951). The quan
tity of the peelings available to these animals 
was, however, probably low because, during 
periods of food shortages, peelings are also 
eaten by humans. 

The addition of grated cassava to Napier 
grass prior to ensiling significantly increased 
dry matter intake, apparent digestibility of dry 
matter (p < 0.01), and N balance (p < 0.05) 
in castrated sheep in Brazil (Ferreira et a!. 
1974). In Venezuela, growth and metabolism 
studies have been conducted on West African 
woolless wethers (Chicco et a!. 1971) involv
ing cassava and molasses in the utilization of 
urea (Table 4). Cassava addition significantly 
increased body weight gain and bacterial pro
tein (p < 0.01). 

Partly in view of this deficiency, but more 
particularly in view of the limited work that 
has been reported so far on the value and 
manner of utilization of cassava by ruminants, 
a program of research was initiated to fulfill 
these objectives at MARDI (Devendra 1977). 
Five experiments in the research program, all 
balanced trials with sheep, are reported: trial 
1, the elf ect of dietary cassava with rice straw 
in isonitrogenous diets (30% rice straw with 
or without 20% cassava in molasses-urea diets 
with 6--14% level of crude protein, 10 treat
ments); trial 2, the replacement of molasses 
by cassava with rice straw in isonitrogenous 
diets (20-75% levels of cassava in molasses
urea diets, isonitrogenous, 5 treatments); trial 
3, the effect of increasing levels of dietary cas
sava (20-80% levels of cassava in molasses
urea diets, isonitrogenous, 4 treatments); trial 
4, the replacement of molasses by cassava 



Table 3. The effects of feeding supplementary cassava (Manihot escu/enta) to cattle. 

-Level of cassava inclusion (%) N 

Type of cattle Type of basal diet Roots Leaves Stems Response Reference 
---

Dairy cattle 
Calves Potato flour 1 - - - Improved performance Pernot (1909) 
Cows Maize gluten, peanut - - - Increased milk yield and Lucas (1914) 

meal live weight gain 
Cows Maize gluten2 Replacement - - No differences Mallevere (1914) 
Cows Soybean cake and beet 76.8 - - Increased milk and fat yield Morimoto (1950) 

pulp3 

Cows Alfalfa - leaves + stems - No differences, cassava diet Echandi (1952) 
cheaper 

Cows 1:1 grass:concentrate - - - Lower than basal diet de Alba (1954) (") 
diet (cocoa pods) > 

Cows Maize diet' Replacement - - Reduced yield compared with Peixoto et al. (1955) Cll 
Cll 

maize diet; reduced cost > 
of milk production <: 

> 
Calves Copra meal, sesame oil 10.0,35.0 - - No differences Valdivieso and de Alba > meal, wheat bran, (1958) Cll 

molasses and skim milk > 
Holstein cows Grazing' Supplementary - - 19.5% increased milk yield Assis (1962) z 

feeding ~ 
Holstein and Zebu Fresh and ensiled sugar 0.5 kg/lOOkg - - No differences Estima et al (1967) > 

cows cane tops' body weight 1:""' 

Holstein X Zebu Maize diet Up to 41.5 - - Milk production increased, Cardoso ( 1968) 'T1 
tr1 

cows cassava diets cheaper tr1 
Ayrshire X Sahiwal Oats, gram, groundnut 12.5,25.0 - - No differences; cassava diet Mathur et al. (1969) 0 

X Sindhi cows cake, wheat bran and cheaper 
gram husks 

Cows Ground corn 41.5 - - Decreased cost of milk Mandioca (1962) 
production 

Cows Molasses-urea 6 Supplementary - - Increased live weight gain Neves (1969) 
feeding 

White Fulani cows Hay, maize, groundnut 79.1 - - Increased milk and fat yields Olaluku et al. (1971) 
cake, palm kernel cake 

Cows Bean fodder or pigeon Supplementary - - Improved N utilization Patel and Y amdagni (1972) 
pea fodder' feeding 

Heifers Chopped sugar cane + 78.5 - - Increased total live weight Pineda and Rubior (1972) 
limited concentrates7 gain, reduced age at first 

breeding and avg. services 
per conception 

(continued) 



Table 3 (concluded) 

Level of cassava inclusion (%) 

Type of cattle Type of basal diet Roots Leaves Stems Response Reference 

Tharparkar X Sahiwal Barley, groundnut cake 24.0, 44.0 - Improved growth Mudgal and Sampath (1972) 
X Sindhi calves wheat bran• 

Cows Dried grass pellets • 8.4, 18.4 - - No differences Mohme and Pfeffer (1973) 
Local Indian dairy Grass, copra cake, 8.0 - - Significantly affected body Devendra and 

calves molasses-urea measurements Sivarajasingam (1975) 
tl 

Beef cattle rn 
<: 

Angoni X Boran Comrr,ercial concentrate Supplementary - - Increased live weight gain Johnson et al. (1968) rn z calves feeding compared with maize or tl 
bran :00 

Nelore castrate Rice straw, cottonseed 20.0 - Increased live weight Roverso et al. (1969) :> 
meal 6

• 8 
"rl 

Cows Molasses-urea 8 Supplementary - - Increased live weight gain Neves (1969) rn 
feeding rn 

tl 
Criollo bulls Maize meal, rice 70.0 - - Improved utilization of Shultz Shultz and Carnaveli Cll 

polishings vegetable protein (l970b) 0 
Bulls Maize meal• 40.0 - - Improved performance Montilla (1971) c::: 

:00 Zebu steers Cottonseed meal, maize, Supplementary - - Higher live weight gain, Gontijo et al. (1972) (j 

molasses-urea, silage feeding reduced cost of feeding rn 
and grass• (9%) "rl 

Friesian steers Dried gr ss 21.0, 42.0 - - No difference Ahmed and Kay (1975) 0 
:00 

Kedah-Kelantan Grass, C( pra cake, 30.0 - - Increased daily gain, feed Devendra and Lee Kok Choo 
calves molasses urea 8 efficiency, age at first service (1975) :00 

c::: 
Native calves Chopped grass, 20.0 - - Increased live weight gain Labre et al. (1975) ~ 

molasses-urea z 
Kedah-Kelantan Grass, copra cake, 30.0, 40.0, - - Significant difference in daily Devendra and Lee Kok Choo :> 

calves molasses-urea 60.0, 80.0 live weight gain and feed (l976a) z 
efficiency Vl 

Kedah-Kelantan Grass, copra cake, 30.0, 40.0, - - Improved carcass Devendra and Lee Kok Choo 
heifers molasses-urea 60.0,80.0 characteristics (1976b) 

Steers Grass - 25.0, 50.0 - Increased live weight gain Moore (1976) 
leaves + stems and feed efficiency 

'Substituting potato flour in the diet. 
•Substituting maize gluten in the diet. 
'Substituting beet pulp in the diet. 
4 Substituting maize in the diet. 
'Supplementary feeding. .... 
•Substituting oats in the diet. .... 
'Substituting barley. \M 

'Substituting molasses. 
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Table 4. The effect of feeding cassava or molasses 
on the utilization of urea in West African woolless 

sheep (Chicco eta!. 1971). 1 

Hay+ Hay+ 
Hay' cassava molasses 

Body weight gain 
(male) 88.3 100.9 106.7 
(female) 59.9 86.5 83.2 

Bacterial protein 
(mgN/100 ml) 159.3 193.0 175.5 

Blood urea 
(mg/100 ml) 15.6 20.7 19.8 

Acetic acid 
(mM/1) 68.7 59.9 61.9 

Propionic acid 
(mM/1) 11.7 13.4 12.8 

Butyric acid 
(mM/1) 8.3 12.2 13.3 

Digestibility of 
organic matter (Ci£,) 59.6 66.6 70.7 

'Significant differences (p < 0.01) were observed for all 
treatments and all parameters. 

'Basal diet (% by weight) 50 ground pangola grass, 22 corn 
bran, 20 ground corn cobs, 5 molasses, 2 urea, and I mineral 
mixture. Supplementation of this hay diet was made by substitu-
tion of the corn cobs with molasses or cassava. 

with varying levels of dietary nitrogen (20-
80% levels of cassava in molasses-urea-fish 
meal diets with 6-12% levels of crude protein, 
4 treatments); and trial 5, the effect of DL

methionine supplementation in isonitrogenous 
diets (40-80% levels of cassava with 0.2-
0.6% methionine in molasses-urea diets, isoni
trogenous, 9 treatments). 

Cassava chips, mainly from a sweet variety, 
were used in all studies. The roots were 
washed, chipped to approximately 4-6 em 

lengths, and sun dried. The average chemical 
composition of the chips (percentage dry mat
ter) was: 1. 7 crude protein, 3.2 crude fibre, 
0.8 ether extract, 2.2 ash, 92.1 NFE, 0.091 
calcium, 0.121 phosphorus, and gross energy 
15.6 MJ/kg. This chemical composition is 
similar to that reported by others (Oyenuga 
1955; Maner 1972; Muller et a!. 1974b). The 
approximate HCN content was 90-100 mg/ 
kg fresh material. 

Triall 
The digestibility of dry matter in the rice 

straw-based diets increased significantly 
(p < 0.05) with the inclusion of dietary cas
sava. No differences were noted, however, 
within the treatments with or without cassava 
inclusion (Table 5). This trend was also noted 
for significant (p < 0.05) differences in crude 
protein, crude fibre, and ash digestibility. The 
addition of cassava significantly (p < 0.05) 
increased nitrogen (N) retention, and all treat
ments with cassava recorded higher retention, 
the highest retention being 48.9%. 

Trial2 
The digestibility of dry matter significantly 

decreased with increasing level of cassava in
clusion (p < 0.05). The highest digestibility of 
dry matter (74.4%) was noted for the 20% 
level of cassava inclusion (Table 6). 

The highest digestibility of crude protein 
was also recorded for the 20% level of cassava 
inclusion. However, the differences were not 
significant, and this trend was also evident for 
crude fibre, ash, ether extract, nitrogen-free 

Table 5. Apparent digestibility of the main proximate constituents (o/c), trial I 
(each value is the mean of 3 sheep). 

Treatments' 
L.S.D. 

2 3 4 5 6 7 8 9 10 (p=0.05) 

Dry matter 63.8 61.4 63.9 64.0 59.6 62.3 66.4 64.8 65.7 63.7 5.01 
Organic matter 68.2 65.9 68.7 68.6 64.5 66.8 71.3 67 .I 70.4 67.6 n.s. 
Crude protein 48.0 52.9 63.7 69.3 57.4 47.0 61.8 66.4 72.3 72.3 8.35 
Crude fibre 38.0 28.5 25.3 23.1 25.8 62.5 67.3 70.5 56.2 67.6 19.18 
Ash 37.4 29.7 32.7 35.5 25.2 39.4 40.8 54.2 41.2 41.2 13.92 
Ether extract 
Nitrogen-free extract 76.4 74.9 77 .I 76.1 74.5 72.6 75.9 64.9 67.9 65.7 n.s. 
Energy 73.5 71.2 74.5 73.2 74.2 76.2 75.7 76.4 77.2 71.4 n.s. 
N retention as % of 

intake 8.1 29.6 36.7 18 .I -I. I 30.3 41.3 48.9 42.5 36.6 19.81 

1Diets 1-5 (without cassava) consisted of: 30% rice straw, 65.9-68.9% molasses, 1.1-4.1% urea, and I% mineral mixture; diets 
6-10 (with cassava) consisted of: 30% rice straw, 45.9-48.9% molasses, 1.1-4.1% urea, and 1.0% mineral mixture. 
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Table 6. Apparent digestibility of the main proximate constituents (S~ ), trial 2 
(each value is the mean of 3 sheep). 

Treatments' 
L.S.D. 

2 3 4 5 (p = 0.05) 

Dry matter 66.9 74.4 71.5 67.1 61.9 7.68 
Organic matter 75.7 79.8 76.8 75.1 70.5 n.s. 
Crude protein 53.4 62.4 54.2 47.5 53.0 n.s. 
Crude fibre 31.2 33.4 29.7 29.9 30.9 n.s. 
Ash 22.4 13.2 19.8 22.5 17.5 n.s. 
Ether extract 81.7 79.4 74.5 75.6 73.6 n.s. 
Nitrogen-free extract 84.2 92.4 89.4 83.7 75.7 n.s. 
Energy 73.6 76.4 70.7 65.9 65.2 n.s. 
N retention as % of intake 52.9 62.1 53.9 47.4 52.5 n.s. 

'Diets consisted of: 20% rice straw, 0-75.4% molasses, 0-75.0% cassava, 3.6% urea, and 1.0% mineral mixture. 

Table 7. Apparent digestibility of the main proximate constituents (c;;;), trial 3 
(each value is the mean of 4 sheep) 

Treatments' 
L.D.S. 

2 3 4 (p = 0.05) 

Dry matter 93.2 86.9 88.9 79.9 5.67 
Organic matter 94.8 87.5 89.2 83.5 6.21 
Crude protein 92.6 74.5 73.2 75.0 9.74 
Crude fibre 27.9 28.9 42.7 29.4 n.s. 
Ash 81.5 77.0 70.7 38.1 17.92 
Ether extract 84.2 79.4 78.7 74.7 n.s. 
Nitrogen-free extract 95.0 43.7 48.8 62.4 16.88 
Energy 90.5 65.7 81.8 78.7 17.21 
N retention as % of intake 73.7 64.5 63.1 69.0 6.25 

'Diets consisted of: 20-80% cassava, 15.3-75.2% molasses, 3.7-3.8% urea, and I% mineral mixture. 

extract, and energy digestibility. The nitrogen 
retention as a percentage of intake was also 
highest for the 20% level of inclusion. No 
differences were found between the rice 
straw + molasses (treatment 1 ) and rice straw 
+ cassava (treatment 5) in nitrogen retention. 

Trial3 
The effect of increasing cassava from 20 to 

80% in the diet was reflected in a statistically 
significant (p < 0.05) decrease in the digesti
bility of dry matter. With 80% cassava in 
the diet, the digestibility of dry matter de
creased to 79.9% compared with 93.2% for 
the 20% level of inclusion (Table 7). A simi
lar trend was also noted for organic matter, 
crude protein, ash, ether extract, nitrogen-free 
extract, and energy digestibilities. 

Crude protein digestibility was not signifi
cantly different between the 40, 60, and 80% 
levels of cassava inclusion, but these treat-

ments were significantly (p < 0.05) different 
to the 20% level of inclusion. A parallel find
ing was also noted for N retention. 

Trial4 
The digestibility of dry matter decreased 

significantly (p < 0.05) with increasing levels 
of cassava inclusion. The highest digestibility 
of dry matter was noted for the 20% level of 
inclusion (94.5%). A parallel trend was noted 
for organic matter digestibility (Table 8). 

The digestibility of crude protein was high
est (71.2%) for the 20% level of cassava in
clusion with 47.7% of molasses. N retention 
was significantly different between treatments 
(p < 0.05). Ash digestibility decreased signifi
cantly (p < 0.05) with increasing levels of 
cassava inclusion. 

TrialS 
Concerning methionine supplementation 
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Table 8. Apparent digestibility of the main proximate constituents (',C), trial 4 
(each value is the mean of 3 sheep). 

Treatments' 
L.S.D. 

2 3 4 (p = 0.05) 

Dry matter 94.5 85.7 84.2 83.1 n.s. 
Organic matter 95.1 89.3 87.9 87.1 n.s. 
Crude protein 71.2 65.4 62.1 68.2 n.s. 
Crude fibre 21.9 22.7 23.9 22.7 n.s. 
Ash 78.9 56.0 48.8 27.9 11.09 
Ether extract 
Nitrogen-free extract 85.2 80.2 80.3 81.2 n.s. 
Energy 94.6 87.9 87.9 84.2 n.s. 
N retention as % of intake 84.7 68.0 77.5 74.2 11.21 

'Diets consisted of: 20-80% cassava, 3.6--47.7% molasses, 3.1-7.0% fish meal, 1.0-2.4% urea, and 1.0% mineral mixture. 

Table 9. Apparent digestibility of the main proximate constituents ('7o), trial 5 
(each value is the mean of 3 sheep). 

Treatments' 
L.S.D. 

2 3 4 5 6 7 8 9 (p = 0.05) 

Dry matter 88.3 85.5 82.2 84.2 85.0 85.5 84.2 86.4 87.3 n.s. 
Organic matter 90.8 88.2 85.7 87.9 87.9 88.8 88.1 89.4 89.7 n.s. 
Crude protein 78.8 73.7 72.3 72.9 73.2 76.2 80.7 77.8 79.9 n.s. 
Crude fibre 21.5 22.9 29.3 19.9 23.5 26.8 39.4 43.7 47.7 18.41 
Ash 53.8 44.3 38.5 30.0 44.6 43.6 51.6 41.7 44.5 n.s. 
Ether extract 99.0 98.7 98.6 98.4 97.3 98.7 98.8 98.9 98.5 n.s. 
Nitrogen-free extract 94.3 92.5 90.9 93.3 93.2 92.8 91.8 93.8 93.5 n.s. 
Energy 89.2 87.0 90.0 82.8 86.5 86.4 84.3 94.2 96.8 n.s. 
N retention as ';{ of intake 78.5 73.5 72.0 72.7 73.0 76.0 80.6 77.5 79.8 n.s. 

1 Level of cassava inclusion in molasses·urea diets in treatments l-3 was 40%,4-6 was 60%, and 7-9 was 80%. 

with increasing levels of dietary cassava, no 
significant differences were noted in the di
gestibility of dry and organic matter, crude 
protein, ash, ether extract, nitrogen-free ex
tract, and energy digestibility (Table 9). N 
retention was also not significant between 
treatments, but tended to increase with 80% 
cassava in the diet. 

However, statistically significant differences 
were noted for crude fibre digestibility 
(p < 0.05), especially between the 80% level 
of cassava inclusion and 40 and 60% levels. 
The highest crude fibre digestibility (47. 7%) 
was noted for an 80% level of cassava inclu
sion supplemented with 0.6% methionine. 
Within each level of cassava inclusion, there 
was a tendency for crude fibre digestibility to 
increase with increasing levels of methionine 
supplementation, but these differences were 
not significant. 

Pattern of Starch Digestion 
In trials 2, 3, and 4, the digestibility of 

increasing levels of cassava in the diet indi
cated that the highest digestibility was con
sistently noted for the 20% level of inclusion 
(Tables 6-8). The values for digestibility of 
dry matter in these trials were 74.4, 93.2, and 
94.5%. The relatively low value of 74.4% in 
trial 2 was due to the presence of rice straw in 
the diet, which was not included in trials 3 and 
4. These digestibility values are very high, and 
although a 20% level of cassava is implicated, 
it is important to stress that higher levels are 
also well digested. In trials 3 and 4 for ex
ample, an 80% level of cassava inclusion gave 
a relatively lower, but nevertheless high dry 
matter digestibility of 79.9 and 83.1%. Con
firmation that a lower level of cassava in the 
diet is more advantageous is also reflected by 
the results of Roverso eta!. (1969) and Deven-
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dra and Lee Kok Choo (1976a). However, al
though higher levels may be beneficial for beef 
cattle fattening because of the supply of in
creased glucose precursors, this may be an
tagonistic for dairy cattle feeding. 

Associated with the high values for the ap
parent digestibility of dry matter for the 20% 
level of cassava inclusion, was an equally high 
crude protein digestibility and also N reten
tion. This was noted in the results of trials 2, 
3, and4. 

Only limited evidence exists about the 
nature of rumen fermentation consequent to 
cassava feeding. It appears that cassava feed
ing gave more propionic acid than molasses 
(Table 4), and since a greater molar percent
age of butyric acid is produced in the latter, 
cassava feeding is therefore energetically 
more advantageous. In the rumen, the break
down of starch is dependent on the proportion 
of amylolytic to nonamylolytic bacteria. The 
tendency toward reduced digestibility with in
creasing levels of cassava inclusion suggests, 
however, that considerable quantities of starch 
escaped from the rumen without fermentation. 
This is distinctly possible, since dietary rough
age was low and was chopped when fed. If 
high levels of cassava are to be efficiently uti
lized, therefore, digestion in the intestinal tract 
posterior to the rumen assumes considerable 
significance, as has been forcibly demonstrated 
by the studies of Karr et a!. (1966). They 
showed in steers fed 5-kg daily rations contain
ing 20, 40, 60, or 80% ground maize, that the 
percentage of starch digested in the rumen 
fell progressively from 84-72% to 64-62% as 
the dietary maize level was increased. They 
rightly suggested that amylolytic activity in 
the small intestine was implicated. 

In steers, Clary et a!. (1966) ·showed that 
amylase activity, expressed as amount of 
starch digested per unit of enzyme protein, 
was 588 ± 61 and 827 ± 61 for unsupple
mented pasture and all concentrate diets, re
spectively. In further studies, Clary et a!. 
1967a showed that the relative amylase ac
tivity increased as the amount of starch in the 
diet rose with commensurate changes in glu
cose concentration of jugular blood. It is pos
sible, however, that the intestinal enzymes 
digest starch less efficiently when larger, 
rather than smaller, quantities require diges
tion. 

Amylolytic activity cannot account entirely 
for the efficiency of starch digestion beca4se 

the nature of the dietary starch is also impor
tant. Clary et a!. (1967b) reported that al
though ruminants were more effective than 
swine in breaking down starch fragments, they 
were less efficient in attacking intact starch 
molecules. Tucker et al. (1966) reported simi
lar findings in sheep. Because it is possible that 
the nature of the cassava fed could be involved 
in the reduced digestibility, it is essential to 
indicate precisely the type of cassava that is 
fed. There is no doubt that the total amount 
of starch utilized by the intestinal route in
creases with the amount of starch consumed 
daily (Little eta!., 1968), including utilization 
in the large intestine. Additionally, low levels 
of starch utilization can result from feeding 
a liquid diet (Huber et al. 1967a); therefore, 
method of feeding is also involved. 

Associated with these observations is the 
point that very little is known about the effect 
of processing (for example, type of chips and 
pellets) cassava on its feeding value and uti
lization by ruminants. Because processing 
tends to improve feed efficiency, it is essential 
to identify the type of cassava fed. Cooking 
cassava and urea prior to feeding to cattle re
duces rumen ammonia and blood urea, sug
gesting that this is more advantageous than 
the uncooked diet (Shultz et al. 1970a). 

Utilization of Nitrogen 
In view of the importance of nitrogen (N) 

utilization in the ruminant, especially under 
the influence of various types of carbohydrate 
sources, it is of interest to consider this aspect 
in some detail. This examination was also 
stimulated by the use in our studies of both 
preformed and nonprotein nitrogen (NPN) 
sources like urea. In particular, it was of inter
est to ascertain the value of added cassava in 
the rice straw-molasses diets, especially for 
retained N in the balanced studies (Table 10). 

In rice straw-molasses diets with or without 
added cassava, where the dietary crude protein 
content varied from 5.8 to 14.2%, it was found 
the N retention increased until treatment 3 
with a crude protein content of about 10% 
and then declined significantly (p < 0.01). 
With cassava, the N retention was higher for 
every treatment, and was again highest for the 
10% level of dietary crude protein. Significant 
differences (p < 0.05) were noted in the N 
content of feces and urine between treatments 
with or without cassava addition. N intake 
and N retention were not correlated without 
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cassava, but with the addition of cassava, N 
intake was significantly correlated to N reten
tion (r = 0.898, p < 0.01) . 

The N balance data from trial 1 (Table 10) 
and N retention data from trial 2 demonstrate 
the value of cassava for enhancing N utiliza
tion and therefore N retention. In trials 1, 2, 
and 3, all the N was contributed by urea in the 
diet; whereas, in trial 4, urea only contributed 
approximately 62-63% of the total crude pro
tein requirement. This trial also gave the high
est N retention of 74.2% compared with 18.1-
42.5% in trial 1, 4 7.4-62.1% in trial 2 (Table 
6), and 69.0% in trial 3 (Table 7) for similar 
levels of dietary crude protein (12.0% ). This 
supports several reports that have demon
strated that approximately 60-70% of the 
total N requirements can be obtained from 
urea (Hume 1970; Hume and Bird 1970; Ra
mirez and Kowalczik 1970; Sutton et a!. 1970; 
Walker 1970; Devendra 1976b). 

The utilization and retention of dietary N 
are influenced to a large extent by the type of 
carbohydrate present, and the N balance data 
in Table 10 also emphasize this point. The 
amount of microbial proteins synthesized is 
dictated by the amount of readily available 
carbohydrates, especially those that can be 
readily fermented in the rumen (Pearson and 
Smith 1943; Annison et a!. 1954; Belasco 
1956; Lewis and McDonald 1958; Elliott et 
a!. 1961; Karue 1973). In the presence of these 
readily available carbohydrates and therefore 
energy, the amount of proteins leaving the py
lorus is greater than the amount supplied in 
the diet (Gray et a!. 1958; Clarke et a!. 1966; 
Mcintyre and Williams 1970) because of mi
crobial synthesis of protein in the rumen from 
endogenous N sources, particularly urea. A 
higher rate of synthesis of microbial proteins, 
reflective of a low rumen ammonia concentra
tion and high bacterial N, has been reported 
for cassava supplemented diets compared with 
maize (Chicco et a!. 1970; Shultz et a!. 1970a; 
Soewardi et a!. 197 5) . 

In four of the five trials reported, urea rep
resented the main source of protein in the diet, 
and its effective utilization was largely depend
ent on the concurrent use of cassava. Although 
cassava enhanced urea utilization and reten
tion in trial 1, the results of substituting mo
lasses with cassava in trial 2 suggest that in 
terms of N retention in isonitrogenous diets, 
there were no significant differences between 
the two. However, support for the value of 
cassava in enhancing urea is evident from sev-
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era! studies that have reported utilization in 
comparison with other carbohydrate sources 
such as maize or molasses (Shultz et al. 1970a; 
Chicco et al. 1971; Joshi and Majumdar 1972; 
Soewardi et al. 1975). In rice straw-molasses 
based diets, such as those used in trials 1 and 
2, the value of adding to or replacing part of 
the molasses in the diet is associated with the 
fact that the net energy value of molasses is 
considerably reduced beyond 30% dry matter 
in steers and dairy cows (Lofgreen 1965; Lof
green and Otagaki 1960). 

In the N balance data in trial 1 (Table 10), 
the percentage of ingested N lost in the urine 
increased with increasing dietary urea, and 
supports similar observations by Huber et al. 
(1967a,b) and Devendra (1976a). On the 
other hand, this differs from the reports on 
utilization of urea by Zebu cattle and buffalo 
by Razdan et al. (1971) . 

Although methionine supplementation pro
duced no significant differences in the digesti
bility of the main proximate components, it 
is interesting to note that crude fibre digesti
bility was significantly different (p < 0.05), 
and increased with increasing level of cassava 
inclusion. This suggests that methionine may 
be important in the activity of cellulolytic 
rumen bacteria, and the observation is con
sistent with the report of Johnson et al. (1949) 
that sulfur containing amino acids (cystine 
and methionine) are important components of 
rumen bacteria. 

Additionally, the N retention data in Table 
6, although not significantly different, gave 
consistently higher (72.0-80.6%) values com
pared to the treatments with the same levels of 
crude protein content in trials 2 and 3, in 
treatments 4 and 10 in trial 1, and in treatment 
4 of trial 4. Methionine supplementation is ob
viously implicated, and enhancement of the 
value of dietary urea with its supplementation 
finds support in the results of Harris and Mit
chell (1941), Loosli and Harris (1945), and 
Lofgreen et al. (1947). 

HCN Toxicity in Ruminants 
Very little is known about HCN toxicity in 

ruminants, and present evidence suggests that 
feeding high levels (20-80%) of cassava chips 
(Tables 6-9) and chopped roots does not pro
duce any ill effects. This may perhaps be due 
to the fact that sweet varieties were fed, be
cause feeding raw fresh leaves of bitter varie
ties as a forage (with 180-240 mg/kg fresh 
weight) has produced chronic toxicity and 

death. In a feeding trial involving Kambing 
Katjang weaner kids in Serdang, up to 40% 
mortality was noted within 2 weeks of starting 
the trial, and a deleterious effect was pro
duced on live weight gain. 

Nevertheless, white clover containing cy
anogenic glycosides equivalent to 129 mg of 
cyanide per 100 g dry matter produced no 
deleterious effects in dairy cows, but plasma 
thiocynate increased, producing evidence for a 
metabolic effect (Butler et al. 1957). Several 
species of Cynodon with HCN in them have not 
been reported to have any serious effects in 
ruminants (see for example Henderson Re
search Station 1970). On the other hand, high 
levels of cyanogens (180 ppm HCN) and low 
levels of iodine (±0.05 ppm I) have been re
ported to cause thyroid dysfunction (Herring
ton et al. 1971) in sheep grazing Cynodon 
p/ectostachys. Worker (1957) noted that blood 
thiocynate levels were constant throughout 
the season in Jersey cows grazing white clover 
pastures, and that urinary clearance of thio
cynate could be greater than in sheep; an al
ternative detoxicating mechanism has been 
suggested. There is need therefore to investi
gate the effect of cyanogen levels on toxicity 
and other deleterious effects on ruminants. 

Future Lines of Research 
This review suggests the need for much more 

research. Some areas in which research is re
quired are: (1) the feeding value of sweet 
and bitter cassava varieties; (2) the relative 
nutritive value of leaves, stems, tubers, peel
ings, and pomace. The importance of the 
leaves as a protein source, tubers for energy 
supply, and leaves and stems as forage needs 
more investigation; (3) digestion and utiliza
tion of cassava in the rumen and in the in
testinal tract posterior to the rumen; ( 4) as
sociated with (3), the pattern of rumen 
fermentation, the nature of the microftora, 
amylolytic activity, and the effect of carbo
hydrate structure need appraisal; (5) the in
fluence on the utilization of other dietary 
nutrients, including proteins; (6) carbohydrate 
structure, including the effect of processing; 
(7) the effect of nutritional management, for 
example, method of feeding and type of feed 
used; (8) problems associated with cyanogenic 
glucosides, toxicity, and possible thyroid dys
function consequent to feeding cassava (spe
cies differences may be involved); and (9) 
development of appropriate feeding systems 
and technologies suited to cassava utilization 
by the ruminant. 




