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Abstract

The application of underutilized legumes ax a pood prosein source makes them o be
aitracted to the poaliry and fivestock tndestey in geveral for the same parpose. The
utifization of underntilized legumes as animal feeds will help to balance the comperition
herween imans and animols whe conmmonly shore the same feed resonreces, Literature
search reveals thet there are several species ond varieties af under-urilized Legunres with
relarively comparable amount of protein with thar of the commonly consumed legumes by
hiumens, However, their unilization as animal feed faces chalfenges in tevmy of presence
of amtimetritional factors and limited literature doctmentation. Theve s need for
conducting and reporting more studies so ax fo get economically viahle and alternative
sotrces of lvestock feeds. The tropical ofimates are abundant in mony aedevutifised
legnmes with seeds and foliage that are rich in proteins arvd antinuteitional factors.
However these underusised legumes have patentials as feed resources when adeguare
processing fechnignes are applicd fo reduce or effminate the poterncy of Hhe
arfineiritiona factors.  Thiv review is therefore presented 1o elncidate the different
underurilized legumes wtilized as sources of animal feeds and create awareness among
fivestock farmers and researchers,

Kevwords: Undenatilised legumes, antinutritional factors, processing techmiques, proteins,
malmutrition

Description of Prohlem

Mutrition is the most important factor in
livestock production (1), Animals on good
plane of nutrition regardless of the strains
and species are likely to dress out in a
better way [2]. High cost of conventional
feed ingredients has led to high cost of
animal production [3]. The over-reliance
on sovabean and groundnut cakes as the
major conventional plant protein

concentrates for farm animals in many
developing countries, including Nigena,
has resulied in imcreases im prices of
livestock feeds and its products [4). There
i5 a need to research into aliernative
feedsiufls for livestock 2o as o avoid the
over dependence on the limited
conventional feeds as the key protein and
energy feedstuils for livestock [5]. The
risk of protein deficiency discases in farm
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amimals is another cause for concern.
There is therefore the need to look for
wviable alternative sources of feed raw
material such as underutilized legumes.
Tropical legumes have been reported to be
important and potential sources of protein
and energy for farm animals [&]. The
unavailability of protein of animal origin
for farm animals and humans in adequate
quantitics makes the use of comparatively
rich underutilized legumes as essential
nutrients in nutntion. Legumes are found
globally, alihough the langest varieties
grow in the tropics and subtropics where
they substantially contribute to dictary
protein consumption for hunsans [ 7],

The feed indusiry is faced with several
challenges, not only on the availability of
feed ingredients but also on the ability 1o
supply high quality products in a cost-
effective manner [£]. There is an alarming
competilion between humans, animals and
industries for the conventional feed
resources as a resull of increasing human
population in the developing countries [9]
[10]. Due to constant threat of hunger in
developing countries, there 15 an ureent
need 10 source for aliematives and viable
feedstuffs which are readily available, for
incorporation inte the diets of farm
animals [ 18], Such fecdstufls should have
low human preference as food, readily
available and should be casily adaptable to
changing climatic conditions.

There 15 a need w exploil some under-
utilized legumes which could serve as
possible replacers for the expensive energy
and protein sources for livestock, in order
i decrease feed competition between
human and animals [7]. Leguminous seeds
are rich in nutrients such as digestible
protein with good amino acids and

minerals profiles [11] The percentage
crude protein for most legumes have been
reported to vary from 20-50% [ 12].

Significance of Underutilized Legumes
Underutilized legumes also called lesser-
known legumes are notl widely and
commaonly used as feed resources, despite
being good sources of plant protein [13].
Underutilized legumes provide food and
nutritional security to resource-poor rurl
populations, During periods of drought
and extreme hunger, thus have possibility
of saving millions of lives [13]. Some
underutilized legumes have been reported
to be as almost equivalent in nutrient status
as sovabean, winged bean (Psoplhoacarpus
fetragonalobuy), lentil (Lens culingeris),
Lima bean (Phasealus funars), Lablab
(Lablab perpurens) and bambara
groundnut {Vigna subterrenca) [14].
Kidney bean (Phaseoflus vilgaris) s an
underutilized tropical legume used for
human food and animal feed. This has been
reported as a source of animal proteins.
Marama beans (Tvlosema esculentun) is
an underutilized oilseed legume crop of
southern Africa, which could be a valuable
alternative 1o other ailseeds due to its high
drought-tolerance [13]. Pride of Barbados
seed (Caesalpira pulcherrima) 15 an
underutilized legume which contains
considerable nutrients and phvtochemicals
[16]. It is a leguminous plant belonging to
the family leguminosac. The immature
seeds of Pride of Barbados are edible while
the mature seeds are reported to be loxic.
[ 1 T]reported that raw and roasted Pride of
Barbados sced meal has good dictary
quality which can be utilized as an
alternative feed resources for animals.
Velver bean (Mucuna praviens (L) DO,
var. utilis (Wall. ex Wight) Baker ex
Burck), is an underutilized food legume of
South India origin, and it was found to
contain appreciable levels of crude protein
(273.2g'kg DM), lipid (60.61g'kg DM),
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neutral detergent fibre (83,4 o'k DM ) and
ash content (56.04 g'kg DM) [ 18] (Vadivel
and Pugalenthi, 2010). However, the
potential of velvet bean has not been fully
harnassed for animal production despite
having great potential as an energy protein
source for livestock feed [19] [20]. It 1=
used as a source of forage for livestock s
widely accepted.

Processing methods value-addition of
Underutilized Legumes

Velvet bean

[n poultry, processed velvet bean replaced
in an adeguate proportion exhibited better
growth performance of broiler birds
without showing any adverse effects [ 18],
Velvel bean {Mucuna spp. b is used a5 a feed
ingredient for pouliey [21].

Animals fed silage containing 75% whole
maize stover + 25% Mucuna pruriens
foliage performed well and no
toxic/adverse effects were observed on the
health stamus of the West African dwarfl
rams used for the study [22]. Tt has also
been reported that processed mucuna seed
meal can be included wp to 7.5% in the diet
of weaned rabbits without any adverse
effiect on the performance of the rabhits
(23] . Inelusion of boiled mucuna seed
mical in the diets of brodler finisher chicks
up o 20%% has beneficial effects [24].
Inclusion of velvet bean meal at 10% of the
digt have been reported to give better
growth in broiler so fed, In the early 191
im the US velvel bean was once more
popular than sovabean as plant protein
source [25].

Up to 2 million ha were reported to have
been planted in the early 1900s [26]. In
Honduras, the velvel bean plant is mostly
used as a cover crop inter-cropped with
corm [27]. The velvet bean plant is hardy,
resistant to insects, resistant to drought,
casily managed with minimal care, and
also fixes nitrogen inthe soil. The forage of
ihe velvet plant also fied 1o catile, pigs amd

chickens. In some communities velvet
seed is eaten by humans,

The presence of anti-nutritional factors
c.g. anti-trypsin inhibitors and 3, 4-
dihydroxyphenylalaning (L-DOPA) in the
velvel bean limin its uses in pouliry and it
leads 1w reduced growth, feed intake and
ege production and high mortality [28].
Application of heat via autoclaving
reduced anti trypsin inhibitors and L-
DOPA, The L-DOPA can undergo
oxidation and other chemical reactions
when exposed to heat, light, or oxvaen,
leading to it degrodation.

One report indicated that heating
{autoclaving) of Velvet beans improves
growih of young chicks [29], Many other
antinuiritional factors present in velvet
bean in terms of heating conditions, water
extraction and other processing methods
remain largely uninvestigated.

Bambara groundnut

Bambara groundnut (Feandseia
stebberranean) is an underutilioed legume
that is grown in several parts of Africa
including Nigeria [30]. Bambara
groundnut { Figna subrervanean (L.)
Verde) onginated in West Alrica with a
considerable genetic diversity [31]. In
many parts of Africa, it represents the third
most important legume after groundnut
and cowpea [32]. These authors reported
Bambara groundnut as an important food
legume grown widely in semi-arid Africa
which is closely related to cowpen ( Figna
pngwicwlata). However, it is also
considered as an under-utilized crop. In
terms of mutrition, it is rich in carbohydrate
and protein content, making it an
important benefit o the diets of people
who cannot afford expensive animal
protein [33].

Bambara groundnut is a traditional crop in
Africa that has various applications in the
preparation of several indigenous food
producis, [34]. 1t was reported by [35] that
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B week old weaner pigs fed with 10%
toasted bambara waste based diet had a
good performance interms of average final
body weight, feed conversion ratio and
feed costkg gain ina 56 dayvs feeding trial,
Mo adverse effect was recorded on the
weaner pigs. Grinding and heat treatmen
were the processing lechnique emploved.
Feed formulated at 18% crude protein and
2800 keal MEkg. [36] evaluated the effect
of feeding toasted Bambara waste on the
performance of laying hens and concluded
that up 1o 2056 level of tasted Bambara
waste can be incomporated into the diets of
growing pullets without any adverse effect
on the performance of the birds. Growing
pullets of 10 weeks of age with average
body weight of 0.85+0.02 were used for
the study. [37] reported thar Bambara o
can be included in the diets of Japanese
quails by 3084 for optimum growth and
carcass yield, and no negative effect was
observed in the Japanese quails, [38]
reported that broiler finishers could be fid
up 0 15% Bambara groundnut seed meal
for optimum carcass yield without any
deleterious effect on the broilers at the
finisher level. [39) reported that Bambara
groundnut iz a non-oil leguminons seed
classified az a proiein source, having
above 2MPe protein in dry state and s
suitable for livestock feeding. Bambara
groundnut is applied as a source of poultry
feed [40]. Birds fed on roasted Bambara
nut diet maintained the highest
digestibility values afier stamdardization
[41].

It was reported by [41] that up to 30% diet
inclusion of raw Bambara nut gave good
performance can be incorporated into the
dict of growing rabbits while raw lima
bean can be safely incorporated up 1o 20%
level. Bambara proundnut is a useful
resource for ammal Feed [42].

Minni parayu
Minni pavare { Fleea stipalocea) is an

underutilized legume. inis domesticated as
Indian Vigna species and it has limited
published information [43]. Minni payaru
{ Figma stipulacea) (Lam.) Kuntz] is used
mainly as a source of food, animal fodder
and green manure, particularly in Southern
India [44].

Creole bean

Creole bean (Figna reflevo-pilosa var.
glabra, Figna gfobrescens) is an
underutilized legeme [45] and it is the only
tetraploid species in genus Vigna and the
little-known cultivated species of the
subgenus Ceratotropis [43]. Creole bean
and its by-product are utilized as animal
feed [46]. It was firsi found used as a
forage crop in West Bengal, Mauritius, and
Tanzania, while it was used as a pulse in
the same wavs as mung bean in Vietnam
and Philippines [47]. The crop is
considered to have been domesticated in
Southeast Asia from its possible wild
ancestor Plena roflfex-pifosa varn reflex-
prilosa [48]. Creole bean is used as a source
of poultry feed [44].

Moth bean

Moth bean (Figng aconirifolia (Jacg.)
Marechal) is an underutilized legume crop
and it is considered 1o be the most drought
and heat tolerant cultigen among Asian
Vigna [49]. It is widely grown in India and
the Far East [50]. It was reported to have
been domesticaied in India, Pakistan,
Myanmar or Cevlon [51]. Its nutritional
content is also well appreciable for human
consumption as 1t POSSCSSEs VEry
important nutrients, vitamins, and
minerals in very good proportions. The
nutritional content is 24.3% protein,
6E.0% carbohvdrates, 3.9% lipids, 3.8%
ash, 133(mg/100g) calcium,
356(mg 100g) phosphorus, 183(mg/100g)
magnesium, l{mg/100g} iron,
0.50{mg/100g) thiamine, 0.10(mg/100g)
riboflavin and 1.7{mg'100g) niacin [52].
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Researchers have found that there is a
substontial genetic variation between math
bean germplasms which could be used in
crop improvement [53]. Moth bean is
applied as a source of pasture and hay for
livesiock [34].

Mutritional studies involving

Underutilized Legumes
Lima bean [ Phaseolus funoins) has crude
proiein content of 22% [55]). It was
reported by [36] that 107 level of dietary
inclusion of lima bean cooked (for 90
minutes) and toasted (to browness, milled
and incorporated into the bird's dicts gavea
good performance on 28 day old broilers,
Muceng wilis, 15 a lesser-known legume
rich in minerals like sodium, #inc and iron
[57]. It has very low human preference.
[58] reported that cooked Meucwna wrilis s
not nutritionally inferior to soyabean even
at 20% dictary level of inclusion. Their
work concluded that cooked Mucuna seed
meal can quantitatively replace soyabean
mieal up to 208 kevel of dictary inclusion
without adverse effect on the 28 day old
broilers. [59] reported that up o 20%
processed mucuna secd meal could be
included in pullet chicks' digts without any
deleterious effects on the chicks,

Lip 1o 30% diet inclusion of raw pigean
pea, aw Bambara nut and raw African
yam bean gave good performance can be
ingorporated into the diet of growing
rabbits while raw lima bean can be saftely
incorporated up 1o 2006 level [60]

Adrican locust bean (Parkia biglobasa): is
an underutilized legume highly consumed
in developing and less developed countries
with high cost of animal protein and it is
rich in phytochemicals [61, 62]. It isrich in
protein and amino acids suitable for use as
a prodein substitute for animal feed [63]. In
was reported that Parkia biglobosa seed
mial could replace groundnut cake { 100%
fermented Parkia biglobosa seed meal)
with improved performance and no

adverse effect on the hacmatological
indices of the chicks [63]. It was reported
by [64, 65] that the vellow colour of the
locust bean pulp indicates that it is very
rich in nutrients like beta carotene
(precursor of vitamin A) and caleium,
which is essential for bone development
and e shell formation and i improves the
laving performance and immune function
of laving hens under heat stress conditions.
[66] reporied that locust bean pulp is rich
in nutrients which are adequate to support
the growth of livestock, [66] reported that
locust bean pulp is safe and can be
included in the diets of laying hen up to
30% withouwt adverse effect on the
haematological and serum biochemical
indices of the birds, [67] reporied that
differently processed African locust bean
secds were effective in enhancement of
haematological and serum biochemical
parameters of broiler chickens, although
the cooked African locust bean seeds were
more effective in enhancing the blood
parameters. [68] reported that wasted
African locust bean seed meal could be
included in nthe brodler starter chicken's
diets up to 15% with any deleterions cffect
on the growih of the broiler chickens, The
broiler chickens showed pood nutrient
digestibilities. [69] concluded in their
study that partially fermented Parkia
higloboasa bean meal could be
incorporated in the diets of layer chickens,
s0 as o improve their laving performance
and egg quality, including haematological
and biochemical indices, carcass
charactenistics and also to help maximize
profi. Dawadawa is the fermented seeds
meal of Parkia biglobosa or African locust
bean plant [ 70]. It was reponied by [ 70] that
the addition of dawadawa to chicken-type
sausage bevond 4e/kp improved the
protein content of the product. Dry matter
intake, nutrient digestibility and nitrogen
utilization of bucks can be enhanced by
ineluding 10% of Parkic biglobosa pulp in
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the diets of Red Sokoto bucks[71].
Pigeon pea (Cajonus cajan) 15 an
important tropical undenutilized legume
which has lots of potential as a poultry feed
imgredient [72]. [73] reported that heat-
ireated pigeon pea seed meal could replace
30% of sovabeal meal in broiler starter
diet, without any deletenous effect on the
broiler chicks. [74] reported that birds fed
with 5.0g/kg methionine supplemeniation
ima pigeon pea seed meal based diets were
very efficient in feed and protein
utilization as well as in overall
performance. A study on starter brodlers
i day old) revealed that the chicks could be
fed 30% raw pigeon pea seed meal diet
supplemented with lysine+methionine to
improve the crude profein and nitrogen
freee extract digestibiliny coefficients [75] .
However another report pmlul.n.lt.'d that at
3% inclusion level, processing of pigeon
pea sceds may not I'!rq‘,: necessary in making
dlcts for broalers [76]. [ 77 ] showed that the
use of allzyme. a cocktail of exogenous
eneymes, produced ne negative effect on
broiler performance at 30% inclusion level
of pigeon pea sced meal processed by
fermentation. They concluded that
allzvme supplementation of fermented
pigeon pea seed meal is safe and gives
profit maximization at 30% dietary
mclusion level,
[60] I'f]‘.ll'l'l'l:d that up to 30%% dict inclusion
of raw pigeon pea gave good performance
can be incorporated into the diet of
growing rabhits while raw lima bean can
be safely incorporated up 1o 20% level
Inclusion of 30% of pigeon pea (Cajarms
cajen L. Millsp) leaves in concentrate
mixture led o a good performance of
crossbred dairy cows, [ T8]
Prosopis africana is a tropical
underutilized legume, native o Adrcw, and
widely distributed in the savannah regions
of Nigeria |[79]. Prosopis africana is
reported to contain 240 to 260g/kg protein,
45 o 200g%kg oil and 480 o G00pke

carbohvdrate, [T9] reported that Prosogds
Africana is o suitable dietary protein for
laying hens if used in boiled-fermented
form at 200g/kg inclusion rate.

Afzelia ofricana is an unconventional
legume that is readily available but is
underutilized [80]. It is a nitrogen-fixing
fegume which can improve soil fertility
[B1] and it plays an essential function in
agroforestry [82]. It is a polyvalent tree
with several applications such as wood,
charcoal, fodder, and medicinal purposes
[£3]. The branches of Afzelia africana ane
pruncd for livestock feed [84] and it 15 used
extensively as animnal feed supplement in
the dry season [85] to meet the shortage of
annual fodder grasses [86, 87),

Afzelia Africana seeds has optinem
performance as Teed for brodlers showing
proper nutnent utilization and greater
profit margin after roasting before feeding
it to broilers [8].

[89] reported that Afzelic Africane sced
meal can be utilized in the diet of rabbits
afler proper processing (roasting and re-
roasting).

Sesame (Sesarum indicum L) seed is an
underutilized legume reported to provide o
nearly complete protein supplement for
miost farm animals [20]. It is an oil seed,
high in protein level and methionine but
deficient in lysine. [91] reported that the
intake of aqueous-heated sesame seeds by
broiler chickens at 300gkg DM gave
significant improvements in the
performance characiensics and nutrient
utihization of the birds and they
recommended that sesame seeds
processed by agueous heating can
supplement or replace full far sova in
broiler dieis,

Jack bean [ Conavalie cnsiformis L.} 15 an
undenumilized legume with large seeds and
foliage vield. Jack bean (Canavalia
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casifrmis) is an under exploited tropical
dry beans, which is fairly distributed and
cultivated in Afnca, Asia, the West Indies,
Latin America and India. The jack bean
can be grown in marginal soils and arid to
semi-arid regions. The jack bean seed
contains about 30% crude proteins and
o0%% carbohvdrates [92]. Canavalia
ensiformis 15 also utilized as a source of
pouliry feed [93]. The proximate
composition and nutritive value of jack
bean has been established by [94],
Jackbeans processing enhances its
nutritive valwe as animal feed [95]. This
could lead to better performance of poultry
birds when incorporated into their diet.
[94] mvesiigated the growth performance
of Wistar rats fed with dehulled jack bean
(Caravalia ensiformiv) soaked in acidic
and alkaline media or boiled. They
reported that dehulled jack bean soaked in
ogi liquor and boiled for 15 minutes can be
fed to rats without any adverse effect on
their performance in terms of growth,
Sword bean (Cavrarvenlia ghaciara L)) is an
underutilized legume which is widely
available and thrives very well in on poor
s0ils where most crops fail 1o thrive as a
result of bits excellent adaptability 1o
extreme climatic conditions, [97] reported
that cooking of sword bean produced
higher values for gross energy, crude
protein, apparent metabolizable encrgy,
true metabolizable energy and true
metabolizable energy corrected for
nitrogen when fed to broiler chicks (starter
phase).

Lablab beans (Lablah purpurews) is an
underutilized legume with low human
preference for food and its value for
livestock feeding needs to be Tully
exploited. [98] repored that cooking of
lablab seeds at 100°C for 45 manutes
significantly (P<0.05) reduced trypsin
inhibitor activity, phytic acid, tannin and
cyanide, They concluded that cooking
lablab seeds for 45 minuies before

incorporation into manogastric diet may
b considercd optimum. [98] also reported
that inclusion of 20%% lablab secds in the
diet of weaning pigs increased their
performance without any adverse effect.
[99] reported satisfaciory rate of gain in
birds fed 25% lublab seeds in their diet.
[130] reported lublab beans as a legume
that feeds people, animals and the soil.
[101] reported that longer durations of
cooking make the nutrients in the raw
fablab seeds to be more readily available
for wtilization by pullet chicks. [ 102, 1(3]
reported that processing improves the
utilization of proteins and cnergy
contsined in legumes. [ 104], reported that
lablab seed can be used as an altemative
protein source for sovabean in rabbit's
nutrition, especially when cooked. [105]
reported that Shika Brown layers fed
lablab seed meal (LSM) diet as the major
source of protein performed well in terms
of ¢gg production and food conversion
ratio and the birds had better productivity
in general. The cost of feed per gain (egg)
wits lower for the lavers fed LSM due o
their better performance although they
consumed more foed. [ 106] observed that
calves fed with maize-lablab (70/300)
silage performed betier in terms of
proximate composilion, digestibility
percentage and nitrogen utilization than
the sole maize silage, and they
recommended that maize-lablab should be
used as supplement in dry season when
natural pastures are deficient in crude
protein. Lablab purparews combines a
great number of qualities that makes it a
reliable animal forage [ 107].

Horse eye bean | Mucuna urens) is a widely
available but underutilized leguminous
seed that thrives well even in extreme
climatic conditions. 45% of soybean meal
could be replaced by the Horse eve bean
meal (HEBM) in pullets’ dicts at the chick
phase while HEBM can replace 60%%
sovbean meal in the pulleis’ diet at rearing
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phase. [108], [109] reported that the cost of
production was reduced when up o 30%: of
soybean meal was replaced with processed
horse eye bean meal in the dict of growing
cockerels,

Tuber cowpea (Fieno vexiflara) is an
underutilized legume recognized as
domesticated Vigna species, cultivated in
Bali and Timor, Indonesia [110]. That
domesticated form was discovered with
some important agronomic charactenistics
such as prominent seed size increase, loss
of pod shattering and loss of seed
dormancy [TIT]. It is cultivated for s
tuber but the seeds are also used as human
food. 1es root protein content is 15% which
is about 2.5 times higher than that of vam
(6%, 3 times higher than that of potato
(5%0) and sweet potato (3%) and 5 times
higher than that of cassava (3% [111].

Figma vexillata edible tubers, seeds, and
forage and it is utilized as a fodder [112).
Tuber cowpea is utilized as a source of
poultry feed [93]. Cowpea (Figna
srrpricaleta L. Walp) is a popular legume
crop common in Africa and it 15 used for
human and livestock diets all over the
world[113].

African yam bean (Sphenosrvlis
stenocarpa) (AYB) 15 cultivated for both
tuber and seeds in tropical Africa. The
AYB is an underutilized and
ungonventional legume can be effectively
utilized as a supplement to low-nitrogen
crop residues [114]. [114] also reported
that inclusion of African vam bean up to
20 as protein source in cassava peel meal
dicts for weaned rabbits (8 weeks old) gave
good performance in terms of weight gain,
feed intake and feed conversion ration,
with no adverse effects on the
rabbits African vam bean (Sphenostvlis
stenocarpa Hochst, ex A, Rich.;
Leguminosac) is an under-utilized legume
which is widely distnbuted in different
paris of Africa for its nuiritious seeds amd
tubers. It is wadely adaptable and it can
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grow in acidic and highly leached sandy
soil in the humid lowlands of the tropics
[115]. In terms of nutnition, the sceds are
known to possess high crude protein (21%
to 29%) and approximately 50%
carbohvdraie and among the aming acids
Iysine (9.28g/ | 62N and methioning levels
(I.16g/l6gN} are either comparable or
even higher than that of soybean [115].
African vam bean is applied as a source of
poultry feed [ 116]. African Yam Bean meal
could be utilized as an alternative source of
feed for snail production [117].

[118] reported that broiler chicks fed with
toasted African yvam bean seed meals with
enzyme supplementation performed well
at up to 20% level ofinclusion in their diet,

[119] reported that up o 30% diet
inclusion of raw African yam bean gave
good performance can be incorporated
into the diet of growing rabbits while raw
lima bean can be safely incorporated up to
20% level.

Potential of wncommon high protein
forage as feed resource for ruminants

African copaiba balsam trec (Daniellio
oliveri) is native o tropical West and
Central Africa and 1 is a lesser-known
fegume [120]. Dawiellia ofiveri has an
excellent nutrient profile and low content
of anti-nutritional factors [121]. [120)
reporied that Danieflia ofiveri seed meal
inclusion at 23% and 30% inclusion levels
can suceessfully replace groundnut cake in
the diet of sheep without adverse effects on
the health of the sheep fed with it [120]
reporicd that inclusion of 2.5% raw
Danietlia oliveri seed meal and up to 7.5%
toasted Daniellio ofiveri seed meal is a
good replacement for groundnut meal and
no adverse effects were recorded on the
performance and blood parameters of the
broiler chickens used for the study, [122]
reported that inclusion of 200 g/kg toasted
Dawiellio oliveri seed meal  {100%



Kogtan and Abn

replacement of groundnut cake) improved
feed intake, nutrient digestibility, nutriem
utilization, ruminal fermentation and
growth performance of lambs.

Rice bean (Vigna wmbellara) is a
multipurpose. underutilized as well as a
neglected legume [ 123], neglected legume
regarded as a minor food and fodder crop
[124]. Rice bean is a neglected crop,
cultivated on small arcas by subsistence
farmers in hill arcas of Nepal, northern
Indizand pans of SE Asia.

It is mainly grown for human
consumplion, though it is also wsed for
fodder and green manure. There has been
very litthe research or development supporn
for this crop. Rice bean foliage and dry
straw are valuable livesiock feed and when
used as a green manure i improves soil
fertility. Thus, rice bean is a vibrant
potential fodder legume crop which has
capacity to provide balance diet to the
livestock and o sustain under wide range
of climatic condition [ 124].

Rice bean is useful for livesiock feeding.
The vegetative parts can be fed fresh or
made into hay and the seeds are used as
fodder, Rice bean straw indudes the stems,
lealy portions, emply pods, and some
seeds. Before feeding, the woody portions
and soaled or mildewed pans of the straw
should be removed [125], Rice bean s
used as an important fodder and a green
manure [126]. Like other legume forages,
fresh rice bean forage 15 relatively rich in
protein, though s concentration is
extremely varable (17-23% DM). Rice
bean hay and straw are slightly less
nutritious ( 16 and 14% protein in the DM,
respectively). Rice bean forage is also rich
im mminerals (10% of the DM in the fresh
forage) and particularly in calcium (up o
2% in the fresh forage).

Rice bean straw contains large amounts of
mineral matter (more than 200 of DM)
though it is highly variable. Rice bean
forage confains variable amounis of

condensed tannins (0.01-2.8% DM [127,
128]).Rice bean forage at the pre-Mowering
stage is palatable 1o sheep [129]. In Nepal,
farmers have emphasized the sofiness and
palatability of rice bean fodder for
livestock [123] Stems of rice bean are cul
and used as ammal feed or mulch [ 130]. In
an experiment with rice bean hay in India,
bullocks consumed it hesitantly at first but
within a few days the animals grew
accustomed to it and DM consumption
increased, indicating that the hay was
palatable [131]. Rice bean straw was
reported o be relishied by cantle [ 125].

Fresh rice bean forage

In India, 22 month-obd calves fed a mixture
of fresh Sudan grass (Sorghum =
drummondii) and rice bean forage (54:46
fresh basis) for 64 duvs had a DM imake of
190 kg DM/100 kg LW and a daily weight
gain of 456 gday " [132].

In Inchia, 22 month obd calves fied a mixiure
of fresh Sudan grass (Serghum =
drummondii) and rice bean forage (54:46
fresh basis) for 64 days hod a DM mtake of
150 kg DM/100 kg LW and a daily weight
gainof 436 g/d [132].

Rice bean hay

Rice bean hay is generally used as o protein
source (o supplement poor quality
roughage based dicts in ruminants, Rice
bean hay included at 600 g day’' to
sipplement riee straw in digts for swamp
buffabe increased DM intake, digestible
protein and N retention. It had a positive
effect on rumen microflora, resulting in
increased VFA production and lower CH,
emissions [ 133]. Adding rice bean hay was
reporied 1o increase cellulolviic mumen
bacteria thus improving the utilization of
high fibrous feeds in buffalo diets [ 128].

In Indin, a trial with bulls showed that nee
bean hay had a moderate OM digestibility
{(50%) but that it contained nitrogen,
caleium and phosphorus in adequate
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amounts o meet the maintenance needs of
adulteande [131]. In Vietnam, o mixiure of
cassava hay and rice bean hay (3:1 ratio)
replaced 0% of concentrate in a forage-
based dict (Pennisetum purpureim + urea-
trested rice straw) offered 0 growing
crossbred heifers, resulling in higher diily
weight gain (609 g dav-1 ), better feed
efficiency and reduced feed costs [134). In
India, supplementing local goats fed grass
with rice bean hay (15% of diet DM) did
n increase grass intake but total DM
intake and nutrient digestibility werne
increased. Increasing the level of rice bean
level above 15% had no further effect on
digestibility [ 135].

Rice bean straw as a fodder In India, a trial
with bullocks showed that rice bean straw
had a low OM digestibility (31-47%) and it
was recommended 1o supplement a rice
straw-based diet with energy-rich feed
materials, such as cereal grains or bran
[136].

Rice bean seeds az a feed In India, rice
bean seeds are fed o buffalo calves amd
sheep to provide energy. Rice beans
replaced half the cercals and half the
deoiled cake present in the concentrate
offered 1o buffalo calves [137], In sheep,
replacing 50% of the metabolizable energy
from oal hay by rce bean seeds had no
deleterious effect on sheep N balance,
which remained positive [ 138].

From above review it can be concluded
ihat rice bean is a vibran podential fodder
legume crop which has capacity o provide
baltance diet 10 the livestock and to sustain
under wide range of climatic condition.
Appropriate awareness and research focus
on the crop is needed for more popularity
as a powential legume crop under the
climate change situation.

Limitations to the otilization of
Underutilized Legumes as sources of
Animal Feeds

Despite the nutritional potentials of

underutilized legumes as sources of
human food and animal feed, the presence
of toxic and anti-nutrittonal factors
{ANFs) arc major factors that limit their
use, However, the discovery of different
processing lechnigques 1o inactivale and
reduce these ANFs has activated intenest in
their utilizaton as human food and animal
feed [139]. Many of the anti-nutritional
factors are detoxified by several
processing methods like soaking.
germination, beiling, autoclaving.
fermentation, roasting, genetic
manipulation and other processing
methods so as to improve the nutritional
quality and bioavailability of nutricnis in
the legumes [139, 140, 141, 142, 143].
Hard o cook phenomenon is another
challenge 1o the use of under-utilized
legumes as animal feeds [ 144].

Many anti-nutritional and potentially toxic
factors are found in Velvet Beans and other
fegumes and several of them have
medicinal/pharmacalogical actions.
among them antitrvpsin factors, annins,
and cyanide [145], anticoagulants [146].
analgesic, antipyretic, and anti-
inflammatory factors [147), and others
[148]. L-3.4-dihydroxyphenylalanine (L-
DOPA}, a potentially neuro-1oxic agent, is
found in relatively large amounts in Velvel
Beans [149, 1530]. Toxic and anti-
nutritional factors in feed ingredients may
be destroyed by heat [148] and the well-
known value of heating sovbean meal 15 an
example. It was observed that heating
reduced some growth-depressing factor(s)
found in the raw VB and allowed market
weight broilers to tolerste the 10% level.
Thus, it appears that when properly heated.
VB could possibly be used in commercial
broiler rations 10 market weight up (o a
level of 10%: [25]).

Conclusion and Recommendations
Potential exist in the utilisation of seeds
and foliage of uncommeon legumes
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meeting protein peeds of farm animals,
Howewver, the presence of toxic factors
limits thear uses. More research should be
conducted to extend both technical and
practical knowledge about these
underutilized legumes 20 as 10 maximize
their full potential allernative sources of
livestock feeds. It is therefore expendient
that effective processing technigue to
drastically reduce the antinutritional
factors and thus improve their nuintive
values should be rescarched. Genele
manipulation e reducing antinutritional
factors is also an emerging area which
should explored. Mass cultivation of these
underutilized legumes should be
encouraged to ensure they are readily
available which will reduce their cost,
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