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A B S I P v A C 1' 

The stikl) was coiichicicd Id ciclerminc the nutrient composition and in \ iti-o digestiliiiitx o f selected sccd> 
o',' niulaiu varieties o f Miiciiiui /yniiiais. The two varieties of Velvet beans used in this stud\ were 
Sommcrsci and N I R S . Samples o f \ ' e l \e t Beans \vere grown at l.iempc farm of tlic IJnivcrsilv' o f Zambia 
located in t"lioiiiigw,c Disl i ' ic l o f Lusaka Pi'ovince Agro-ccologicai region 11 of Zambia, Rumen litjuor w;>s 
obtiiincd li'Oiu {wo goiUs iVoir! Ch iho lya market a locaJ goat slauglitci' ma.rkct in 1 usrika. 'fhus tlic locus of 
the study was to evaluate the nutritive \alue of the two \'arieties and their mutants. I licsc wci'c related to. 
nuU'ieiU cC'incnl and in \ iti'o digcstibilitv' of the beans in goat rumen l iquoi . Pro.xiiuatc analysis \\as also 
carrict.! oul on the beans. T'hei-e wci-e significant dilTci-ences between \ e lvcl bcaii \arielies arid livatineui 
means lo:- the following moisture (0.6 - 5.1 ]%), ash (2.9 - 4.75%), phosphorus (1.02 2.9%). crude fat 
(6.3 12.25%). and crude protein (11.9 27.8%). Calc ium oidy showed significance in the inieractioii 
between treatment means, which suggests that all tlie treatcti samples contain the similar amounis o\' 
Calcium. I he grand mean for the Calc ium was (bund to be 1.5%. fhc /// M'Iro Dry Matter Digcstibilit} of 
\ eh cL lican;i \\as no! s igni l lcani ly different for all tlie samfiles. l l o w c \ c r . there was a .signilLiii i i 
diffcix'ik'c al p'<0.05 between the control (sov'a bean 95.02/0 digcsl ibi l i lv) and the mutant s'arietics of 
\ e l \ e l beans. The \ e lvcl liea.ns digestibility results (84 - 93 "o) were found lo be compai'able lo tiio:-,o 
found in soi'glium seeds this suggests thai veh'cl beans can be inco)"|5orated in goat diets, at some 
percentiigc inclusion, xvilli the goals not cxpcricnciiig an}' major pi'oi'Tcms due lo ihcir liigii digcsli'TiIit\. 
Hence, it can be coneiiided lhal the high } ickl ing \aricties of \ ' e l \ e l beans can be used in place of 
con\'cnlionaI prolcin soui'ces sueli as so3'a beai-'.s in dry season feed supplement for goats. 
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C H A P T E R I 

1.0 I N T R O D I X ' T I O N 

There has been an increase in nialnnlrition. in Zambia, mosti}' in under-live children due lo llie 
lack of sul'ht.ient lu'olein in iheii' d i d . A n increase in tlie production of goals in Zambi;', can be 
used lo increase food security and protein in the diets of tlie ax'crage Zambian person lliu.i 
mitigating liie problem of malnutrition. However, due to liigh cost of animal feed most goals are 
kept at a subsfstcnee l e \ c l using the extensive .system of farming. ITirlhermore. goals have lilile 
and in some cases no dry season feed supplemeiilalion when most fodder crops are low in 
nutrients. In try ing lo mitigate these problems velvet bean seeds can be used in dry season feed 
supplements for goals. 

Legumes such as V e h e l Beans conlribute one o f the richest and low cosl sources o f proteins in 
human aiul animal diet. However, their ulil ization is limited by anti- nulrilional faelors lhal 
inlerl'ere with the digestibility of nuUients contained in foods. Ihese factors together vvilh protein 
digestfoiliiv are imporlanl v\hen \\\x\ \ahie o f dilTerenl crops is assessed (.lanardhanan a <//. 
2i){)?^). As a result many small-scale farmers only grow \ e lve l beans tor imprtw ing soil ferlililv 
and the seed goes lo waste due lo lack of aliernalive uses. 

Ihcre liave been many cfforls to try and address the problem of the anti-nulrilional factors present 
in velvet beams, the most common method used to reduce heat-labile anli-nulritiiMial factor> in 
raw velvet beans and other |nilses is heal irealmem (Gon/.alo c/ a/. 2002). Othci" methods involve 
soaking, llie beans and Ihen boiling (Siddhuraju el c//., 1996; Del Carmen e/ a!.. 1999; N_v iienda et 
til.. 200.3). These melliods have been found to be successful in reducing the presence (if heat and 
non f.eai labile anti-nuUienls including L-dopa. which is a. non-lieai labile anti-nuliienl. 

However, il is tl iflleull lo make recommendatitins as to which method sliould be used \o improve 
llie quaiilv o l A e h e t beans, in pariieular when economic considerations are taken into aecounl. in 
no ease, can the simple name o l ' a [lartiLiiiar process be taken as a guaranlee o l ' l l i e cjualilv oi ' l l ie 
end product, 'fhe cxr.et parameiers and conditions apj-lied need lo be known and the end produel 
involve!.! needs to be assessed cliemiealiy. Furlherinore. lliese methods ;ire tedious, time 
consuming, require a lot of labor and need expensive equipment such as ovens and large 
industrial stoves. .As a result their aiiplicalion is impractical for small-scale farmers aiul is an 
unnecessarv additional cost for commercial fa.rmcrs. 

Il i.> possible to brect! velvet beans seeds vvil'i improved digestibility through mulational lirecding. 
Crop improvemeni using classical induced nuitiigencsis is now vscll standardi/ed. A Iru'ge number 
of new |)rvMnising varieties in dilTeren! crop> ha.ve suecessfullv been devcltij-ed vvi-irld wide using 
I).nil physical and chemical muiag>ens. Voluminous lilerature i.̂  mnv a.vailabie on basic a.nd 
applied aspects of mulagenesis. MuUilion lechnique has been rcilned and holds iirornise of 
geneiating a niue'.i wider desirable variabililv than classical breeding, fsceent a.dvai^ees \'\ 
teeliiiologv eombined will) ckissical nuilatie)n breeding offer.-, new a.nd exciting opportuniiles for 
developiiiem o!'new v;uieties ol 'velvet beaiv, lliiit rna_v \va\\: a better nuliient proi if ; w iili lov, 
antonuii ients. .Alihougli there is some information available on the nulritiona.l and anti-nulritional 
properties o\ ve'vel beans tlieix" li;i> b.ei i rela.lively lew systema.tie cv)neeiitms and evahnlion ol ' 
diverse velvet be;nr-. accessions in pai'iieular nuiiani varieties of velvel beans (.hinai\llian,in ci ai-
2000). 
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B} measuiiiig foodstulT digestibility and incorporating this information in an appropriate ration-
balancing package, it is possible to determine the digestibility o f velvet beans. The determination 
of feedstuff digestibility is not a simple task. Unl ike many nnitine feedstuff anahses, there is no 
single, recommended procedure for digestibility analysis. "Nutrient digestibilit}' may be 
determined /// vivo (in the animal), /// silu (in place), or in viiro (iti glass). The T i l l e \ ' and Terry /// 
viii'o digestibility test lias several advantages. Tests can be conducted with only a \er_v small 
quantity (0.5 grams) o f material. fk)th rates and extents of digestion can be determined. The most 
striking advantage for the Ti l lev and Terrv system is its degree o f precision. Coefficients of 
variation in the range o f one to two percent are readily attainable. Much of the precision in this 
svstem can be attributed to the use o f fmelv ground test samples, which reduces sampling error 
(.Siciliano-Jones, 1997). 

It is against triis background that this study was done, witl) the objective o f assessing whether the 
creation o f velvet bean mutagens improved the nutritive value o f the beans and wh.ether it 
enhanced the digestibility o f the bean. The specific objectives were: 

» T o determine the nutrient content of the velvet beans. 

<» do carryout. /// v/7/y.' digestibility trial in goat rumen liquor in order to compare the 
digestibility o f the velvet bean mutagens against the parent bean and against soya beans 
of known digestibility. 
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C H A P T E R 2 

2.0 L I T E R A T U R E R E V I E W 

2.1 O r i g i n s and D i s t r i b u t i o n o f Ve lve t Beans 
Tlie culturing o f annual velvet beans originates from Southern Afr iea and distributed throughout 
the tropics and temperate regions o f the world, (Kawonga, 2002; V i e r a and Carvalho, 1996). 

2.2 Botanici3! Charac te r i s t i cs 
V e h e t Beans (Mucwia priiriens) belongs to the genus Muciina o f the family Leguminosaea. This 
genus encompasses both annuals and short-lived perennials species. In literature, the taxonomy of 
species in this genus is synonymous. However the main differences among cultivate species are 
\\\ the character o f the pubescence on the pod, seed color and the number o f days to harvest the 
pods. Tlie velvet beans can have non-stingy, oppressed hairs on the pods whi le other types 
(commondy known as co-witch) have abundant long stingy hairs (Kawonga, 2002; Kumwenda 
and Gilbert, 1998; V i e r a and Carvalho, 1996). 

2.3 C l i m a t i c Requ i rements and Y i e l d 
This crop grows best in warm and wet climatic conditions. The edaphic environment is less 
restrictive as the crops can grow in a variety o f soils and can tolerate poor soils types such as 
sandy or laterite soils. However , it neitlicr does wel l in water logged nor frost prone areas. Under 
favorable conditions, the vines can grow up to 10-14m in length and producing 4-9t/ha diy matter 
of herbage while depositing about 300kg o f nitrogen per hectare (Kawonga , 2002; Kumwenda 
and Gilbert, 1998). 

2.4 M u n i t i o n B r e e d i n g 
In order to corne up with varieties o f Velve t Beans, wh ich have low anti-nutrient content, yet 
have li igh biomass y ie ld , productivity and nutrient content, mutation breeding can be employed. 
Mutation is the change in the genetic m.aterial (i.e. D N A ) or the heritable change in the genetic 
make up o f the genetic materia! (Montelone, 2004). Mutational breeding is tbicrefore a 
conventional line o f genetic science that deals with both heritable and phenotypic changes (traits) 
intended to bring about new and improved varieties among selected agricultural crops 
(Lacaundula, 2005). 

A varietN o f procedures may be used. Pol len may be mutagenized and then used in pollination. 
Dominant mutations w i l l be expressed in the next generation, and further generations of selfing 
reveal recessives. Alternatively, seeds may be mutagenized. A cell in the enclosed embiyo o f a 
seed ma} become mutant, and then it may become part o f germinal tissue or somatic tissue. If the 
mutation is in somatic tissue, any dominant mutations w i l l show up in tlie plant derived from thai 
seed, but this generation w i l l be the end o f the road for such mutations (Griffiths et al 2000). 

Ai tning at the aforesaid purposes, a project by the Ankara Nuclear Research Center in Agriculture 
and A n i m a l Sciences ( A N R C A A S ) in Turkey was started in 1982 on soybean mutation breeding. 
I h i s project completed successfully and two mutant soybean varieties wei'e registered in 1994 
and named T A E K - A 3 and T A E K - C I O . The new varieties exhibited higher seed and oi l yields per 
iniit area, higher first pod height and protein content than the control (Ha l i t l ig i l , 2008). 
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2.5 Nut r ien t Compos i t ion 
The proximate analj-sis show that Velvet Beans is rich in protein, energy and miricrals including 
Potassium, Calc ium and Pliosphorus to adequately supplement human and livestock needs 
(Siudhuraju c/r?/, 1996; Laurena a/, 1991). 

2.5.1 Prote in 
Vc lve i beans may contain up to 28°/o-31% crude protein. Whi le the amino acid profile analysis of 
the genus Muciina provides most o f the essential amino acids that is lysine, cystine, methione, 
tryptophan and leucine (Laurena et al, 1991; Siddhuraju, et al, 1996). Even for the deficient 
amino acids it would still meet between 50% -97% o f the F A O / W H O (1990) recommended 
amino acid requirement. The high levels o f significantly complementing cereal crops since 
cereals are deficient with lysine (Kawonga, 2002). 

2.5.2 Energy 
The fatt)' acid ( F A ) profile show that Veh 'c t Beans are low in fat however, they contain a wide 
range o f F A ' s in proportion to most common tropical pulses and Soya Bean {Glycine max). 
Distinct! v e h . Velvet Beans is a rich source o f oleic acid, the essential fatty acid ( E F A ) . ITowever, 
it is inferior to Pigeon Pea (Cajunaiis cajan) and Soya Bean with respect to either the amount or 
the proportions of Essential ]-atty Ac ids present in the grain legumes (Kawonga, 2002). 

2.5.3 M i n e r a l s 
The composition o f minerals present in Velvet Beans make it a r ich source o f a l l macro minerals 
these include Sodium, Potassium, Magnesium, Ca lc ium and Piiosphorus, In addition there is 
adequate amount o f Manganese, Iron, Copper and Zinc (Kawonga, 2002). 
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Table L Chemical , Fiber and Mineral CtMnposilion oi Miicuna pruriens Seed 

Componen t 
Cbcmieal Composition 
Mciislure (g 'kg F \V) 
Cxudc Pjotein (Nx6.25)^ 
("rude Fiber 
CrudeyFal^ 
Ash 
Carbohydrates (by difference) 

j g / k g D M i 

71 
314.' 

67.3 

linergy content (kJ/kg DM)_ 
F i b e r 

Apy 
N D l -
l lemicel lulosc 

Cellukise 
L ignm 

M i n ^ a l Cpiilposi_tij)n 
SocUurri 
Potassuini 
Calc ium 

iVlagnesium 
Phosphorus 
Manganese 
iron 

(y)[Tp^;I 
Z i nc 

525.b 
16565.2 

_ 9 6 

213 
17 
82 

11.2 

174.21 
13304.3 

^857.1 
851.2 

4065.2 
5.6 

_65.4 
0^ 

20.4! 
Siddhuraju, (1996) 

T'able_2. C'hemical composition o[ Mucuna prnriens Grains and Seeds 
C h e n i i c a ! fraction G r a i n g/kg H u s k g / k g 

D M D M 
A s h 35.3 58.0 
Crude protein 1^278.5 44.0 
Gross fat 25.1 11.0 
Neutral detergent 259.5 597.7 
fiber 
A c i d dcIergeiU fiber 88.0 369.5 
! .ignin N D 77.5 
A c i d delergenl 4.5 0.6 
insoluble N 
Calc ium 4.6 9.5 
Phosphorus 2.4 0.3 
Nitrogen free extract 394.6 202 

N D : Not Determined 
I - i l i t lae ta l . , (2003) 



2.6 Anti-Nutritional Factors 
A!! oilseed jilanis have natural anti-niitrilional factors. They are described as non-fibrous 
naturally occurrence substances exerting negative effects on the performance or health of animals 
(\Vi!lis,2{)07). 

2.6.1 L -Dopa 
L-dopa is a Uixic non-protein amino acid that occurs in several higher plants. Consumption of 
improperly boiled seeds oi Miicuna led to increase in body temperature and skin eruptions among 
the traditionally consuming tribes, Kanikkars, in Kerala and this was attributed lo the presence of 
high levels of L- l^opa in the seed (Janardhanan, 2003). Other side effects reported for L - D o p a 
include slaic of confusion and vomiting and diarrhea (Afalobi ct al 1985). Unforlunatcly L-Dopa 
is not heal labile. Ileal releases the L-Dopa from being held in the seed matrix to a free from thai 
eludes quickly when soaked in water (Nyirenda c! al, 2003) 

2.6.2 Pliytic Acid 
Most cereal grains, pulses, nuts, and oil seeds contain Phytic acid. It acts as a primary phosphorus 
reservoir accounting for up to 859.' of total phosphorus in grains and legumes. A great deal of 
research has focused on the unique structure of Phytic acid that bind to minerals, proteins and 
starch, lo lower bioavailability of minerals, to form complexes with [iroleins and starch, and 
inhibit enzymatic digestion of both protein and slarch (Liener, 1994). 

2.6.3 Phenols and Tannins 
Broadly deiined, T'annins are Polyphenolic substances are chemicals having a molecular weighl 
greater than 500 (Liener, 1994). Phenols are knov^n to decrease the digestibility o f proleins, 
carbohydrates, and minerals in addition they may lower the activity of digestive enzymes and 
may cause damage to the mucosa of the digestive tract (Liener, 1994). Tannins have negialive 
effects in animal nnlrition because Ihcy cause the mouth and the digestive trad lo reduce tfic 
viscosity of the digcsla. 'fhis properly may in turn ncgalivcly affect the digeslibility of l ipids and 
lipase acl ivi ly (Liener, 1994). 

2.6.4 Hydrogen Cyanide 
fhis acid is liberated through enzymatic action on a cyanogenic glycoside present in the plant 
tissue. T'he ingestion of a parlicular cyanogen can cause acute to chronic cyanide poisoning. 

2.6.5 Beherenic Acid 
'file Belicrenic acid content of \ 'clvel bca.ns ranges from 0.7-4'y of lolal fatly acid. This means 
t!i::l v e K x l i^eans have a. potenlia! lo cause aiheiogcnicity, which was reported in groundnuts 
{Racliis liypoi;ca) where this acid is between one and three percent only (Kawonga. 2002) 

2.6.6 Lect ins 
'Tliese are haemagglulinnins that agglulin.:ilc Red Blood Cells. They are also known to reduce 
pnitein digestiliilily and eliminate digestive enzvmes from the intestinal membranes hence alleel 
the efficiency of tligestion. 'The absorption of olher non —nitrogen containing mitrienls may also 
be impyired by Lectins bound lo the inlcslina! coat surface. Deleterious effecls of the Lectins may 
Ihereiore be a combination of toxicily and malnutrition (Liener, 1994), 



2.7 P R O C E S S I N G O F V E L V E T B E A N SEEV) 
Heat treatment is live most common methoci of processing VeJvet Beans. Heal is achieved by 
various means, e.g., by roasling at 120 "C for 30 min or gr i l l ing for an hour after pre-soaking the 
seed for 24f,rs and Ihereal'ler dehulling. Anolher method involves autoclaving for 30mins and 
llicn soaking the grits for 24hrs, then boiling for an hour then soaking lor 24hrs (Siddhuraju et al., 
1996; Del Carmen et al., 1999; Nyirenda et^al., 2003). 

Siddhuraju et al. (1996) found dry heat ireatment to be effective in reducing L-Dopa in Velvet 
Beans. They attributed the reduction in L-Dopa to the racemization under roasting. However, heat 
treatmcnl llnough roasling or boil ing has been found lo be most effective in reducing other anli-
nutrienls in Velvet Beans (Nyirenda et al., 2003). Heat trealment by thorough roasling and 
cooking can successfully reduce H C N levels by as much as 68%. Dry heat irealmcnt reduced the 
content of Phytic acid by 36% and auloclaving reduced phytale content 47%) in Velvet I3ean 
(Siddhuraju et al., 1996). However, Beherenic acid is more stable lo heat and soaking Ireatmenl. 
Autoclaving at 139''C for one liour and soaking the seed for 20hr only removed 15 and 1.5%; 
respectively, of the acid in v/inged bean. I'rypsin inhibitors (Tl) are known to be heal labile as 
heal disintegrates their structure. Significant reductions of Trypsin Inhibitors, in Velvet Bean 
seed, of up to 93%'- by roasting and 96% by auloclaving were reported by Siddhuraju el al., 
(1996). 

A significant reduction of hemagglulinating aclivily due to Lectins was reported am.ong all blood 
groups ( A B O ) when the seed were subjected to both dry heat trealment and autoclaving 
(Siddhuraju el al., 1996). Roasling can reduce ihe negative effects of protease and alpha-amylase 
inhibilors on digestion by 96% and cooking velvet beans removes the negative effects of these 
anti-nutritional factors completely (Siddhuraju et al., f 996). 

2.8 T h e Feeding, Va!i?e of V e h el Beans 

2.8.1 Poul t ry 

In poultry ralions, unlreated Velvet Beans was found to replace Soya Beans v.hcat bran and 
middlings up to !()%• level in the diet without causing significant reduction in the feed intake, loss 
in raarkel weighl of the birds and egg produclion (Del Carmen et al, 1999). On ihe olher hand 
(Olaboro et al, 1999) were able to use double the amounl when they used auloclaved beans 
combined with fishmeal (30%;) was used in the diet. The inclusion of fishmcal al lhal level (30%-) 
could have masked the ncgalive effecl of velvet beans beyond the (10%) limit of (Del Carmen el 
a I, 1999). 

In anolher study by (lyayi and Taiv.o, 2003) the effecl of diets incorporating Mucuna pruriens 
seed meal on Ihe performance of laying hens and broilers was studied. In Ihe firsl one hundred 
18-week old I3!ack Nera birds were randomly allocated on body weight basis lo 4 experimental 
diets with 40%' of Soya beans meal was replaced v.dlh autoclaved raw velvet bean seed meal 
( V V B S M ) . The results ol the sludy suggest lhal 6%o processed X ' V B S M in diets of layers had no 
adverse effecls on egg qualilics. In broilers diets containing 6-12% Roasted Velvet l iean Seed 
Meal performed as well performed as ihose fed on sole Soya Bean Mea l . Levels higher lhan 12% 
caused a reduced performance of the birds because the anli-nulrilional fact'>rs in Mucuna disrupl 
Ihe digestive trad and organs. 



2.8.2 P igs and Rabb i t s 
In the U S A , It was reported that velvet beans were unsatisfactory in swine nutrition as it led to as 
it led to poor production, even vomit ing and diarrhea wher, large amounts were fed (Viera et al, 
1996) . The leaves o f velvet beans, at 50% flowering, fed to rabbits did not cause any observable 
toxicity symptom.s (Viera et al, 1996). 

2.8.3 Ca t t l e 
Velvet Beans inter-cropped with maize is either grazed in situ after the harvest of maize or 
ensiled together v\'ith maize to improve quality and y ie ld o f the silage (Titteroton and Maasdorp, 
1997) . Velvet Beans was found more economical when the sorghum was inter-cropped with 
velvet beans and lOOkgM/ha was applied compared with sole sorghum crop. The vines can be cut 
into hay. However , its product is relatively poor because o f its dense and matted growth 
characteristics that make it difficult not only to cut but also to care the vines resulting in a dark 
off-colored hay product (Kawonga, 2002). 

2.8.4 Goats 
A study to assess the impact o f Mucuna bean {Mucuna Spp.) supplementation on milk 

pi-oduction o f goats was carried out (Mendoza, 2003). The objective o f the trial was to determine 
the impact o f supplementation with Mucuna bean {Mucuna spp.) on milk production of goats 
during a 28-day period, Mucuna bean intake was 872 ± 3 6 1 g D M a-1 d-1 and that o f Ramon 
foliage was 1144 i 38 g D M a-1 d-1. Miicima bean supplementation increased the total dry 
matter intake in a linear fashion ( D M 1 = 402 + 1.228X, R 2 = 0.72). 

In a study by Cast i l lo-Caamal et al, (2003) the feeding o f Mucwia beans to small ruminants o f 
Mayan farmers in the Yucatan peninsula, M e x i c o was assessed. Mucuna bean ( M B ) generally 
improved animal performance in comparison to the control. Weight changes during the study 
period for growing lambs, kidding goats, double kids pre-suckling, and single kids pre-suckling 
were 63 (control) vs. 95 (widi M B ) , -1.40 vs. -0.85, 86 vs. 130, and 110 vs. 214 g a-1 d - i , 
respectively. For po.st-suekling kids and non-pregnant goats, no differences in live weight (FAV) 
were observed between control and M B treatments. Farmers generally commented favorably on 
the M B supplementation, saying that it was useful, helped during dry season, increased animal 
weight and mi lk production, and animals consumed M B wel l . Most farmers found no 
disadvantages, but two farmers mentioned tlie same disadvantage: soaked M B lend to become 
infested with grubs, and animals do not consume them. 

2.8.5 O t h e r 
'Ihe otf.er way o f using velvet beans is to grind the pods and the resultant meal was used as 
protein supplement in sheep, horses, and mule diets replacing cotton seed cake (Kawonga, 2002). 

2.9 Vi/ro Diges t ib i l i ty Studies 

The technique first described by ' f i l ley and T e n y . (1963) has been the most commonly used in 
vitro method for predicting digestibility and as a selection tool for i m p i w i n g the nutritional 
quaiil} o f forages. Several modifications o f the original procedure have been used to maximize 
the digestion process because in vitro systems that do ne~>t maximize digesiion kinetics may not 
delect differences in substrate digestion (Grant and Mertens, 1992b). Max imiz ing in vitro 
digestion depends on several factors, including dilution of the ruminal inoculum, type o f buffer 
used, particle size o f the sample, type o f m i l l used for grinding, and type of diet tiie donor animal 
is fed. 
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Rumina! inoculum is typical ly strained through several layers o f cheesecloth and diluted (20:80) 
in saline solution, artificial saliva, or various buffers. Cra ig el al, (1984) suggested that strained 
ruminal l ln id alone was not as effective as strained ruminal fluid plus an inoculum o f particulate-
associated bacteria for simulating ruminal fermentation o f fiber from different feedstuffs. Vare l 
and Kreikemeier, (199.'^) compared the in situ and the T i l l ey and Terr>- techniques using alfalfa or 
bromc grass as substrates. Differences in lag time, rate o f digestion, and extent o f digestion were 
notet! belw^een the two techniques. L a g time was shorter, rate was faster, and extent o f digestion 
was greater with the in situ than with the in vitro technique. I3ifferences were attributed to a lower 
microbial concentration with the in vitro lechnique compared with microbial concentrations in the 
rumen o f tiie animal. 

Attempts to increase the microbial concentration /// vitro have not been successful because o f a 
rapid accumulation o f end products and a subsequent decrease in p H . Idie decrease in p H might 
be o f major concern when using the /.'/ vitro technique to study fiber digestion because 
cellulolytic bacteria are more sensitive to low p H than are amylolyt ic species (Therion et a!., 
1982). flowever, 1 eri-y et al, (1969) demonstrated a minimal decrease in cellulose digestion with 
an addition o f 40/o glucose w!;en p H was maintained at 6.8. Grant and Mertens (1992a) 
developed an in vitro buffering sj'stern capable o f pLI control between 5.8 and 6.8 that has been 
successfully used to study fiber digestion in vitro (Grant and Mertens, 1992c). Starch digestion 
also seems to be affected by p H in vitro. Richards ct al., (1995) tested different dilutions (1:1, 1:2, 
1:3. and 1:4) o f strained ruminal fluid and artificial saliva to study starch digestion in vitro. Rate 
and exteii' o f starch digestion were similar for the 1:2, 1:3, and 1:4 inoculum dilutions but were 
higher than, widi the 1:1 dilution. The lower rate and extent o f starch digestion with the 1:1 
dilution could have resulted from a lower pTl noted in vessels when ruminal fluid was less 
diluted. Ih.e authors recommended that dilutions o f 1:2 or 1:3 be used when studying starch 
digestion o f grains that are rapidly fermented. 

A study vvas undertaken to evaluate the in vitro gas production and digestibility o f Mucuna bean 
by (Sandoval ct al.. as cited by Mucuna News, 2002). The results indicated that Mucuna has 
potenlia,! to iej4ace conventional energy sources (e.g. maize and sorghum) in ruminant diets. In 
addition to the beans, the husks can be without major problems because o f their high digestibility 
(97.94 +0.35 and 96.02 ± 1.31 % for the beans and 78.96 + 1.69 and 78.85+ 1.75% for the husks)' 
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Tabic 3. ChciTiicai coniposiiions, //; vilro dry matter ( I V D M D ) and organic matter ( I V O M D ) 
Digestibilit}- (%) and melabolizable energy content Mucuiia pruriens bcai;s and husks 

Component Bean Husk 

Dr\ Matter 98.29 98..85 

Crude Protein 27.34 4.84 

As l i 3.44 5.78 

Ether Extract 2.41 16.82 

Neutral Detergent Fibre 40.79 58.87 

A c i d Determent Fibre n.d. 37.49 

Lignin n.d. 11.22 

i V D M D 97.94+0.351 78.96+1.69 

I V O M D 96.02+1.31 78.96+1.75 

M E ( M J . k g D M ) 13.9 11.14 

SandovabCasIro et al., (2003) 

Table 4. Rum(?n D M dcgradability (%) of the velvet bean grain and husk, evaluated in three 
rumen cannulaled cows led with a basal diet oiPenniseiuni purpurcurn. 

Incubation Lime (h) Grain Husk Standard Faior 
3 61.5 N D 
6 68.0 40.8 2.79 
12 78.3 46.7 1.63 
24 99.4 61.0 ^ 0 3 
36 " l o o ' 73.6 ^ 2.65 
48 100 81.0 1.53 
72 [ N D 84.8 — 

N D : Not Determined 
Ayala et al., (2003) 

Table 5. Parameters of the rumen D M degradabiliiy of the velvet bean grain and husk according 
to the equation D = a + b (1-cxp-cl), and the cstiniated effective degradability al a rumen outflow 
rate of 5N (ED5%) . 

Dcgr ixUbi l i ly Paraniener _Grain _ 

c '^ 7 Z _ Z I G ^ - ^ 
A+b 100 

"53/2" 

3T[_ 
"94.4' 
0.71 

I Husk S 
27.7 5 
66.7 0 

E D 5 ^ 8 1 . 3 _ _̂  ^ ^ 
' D M wash lI^s'(Sf))"" " 7 ' '^"284 ( 7 . q ^ 13.0 (4 J ) 
" ITuly 's'Mubie D M (Sf)) 'J'35i^ ( l e j ' ['26i^9'(4^0) 

Standard Error 

.79 
]^T8' 
2.3()_ 
a o o f 

Probabi l iu 
_NS 
N~S'" 
0.04 
N S 

N S : Not a significant difference (P > 0.05) 
SI): Standard deviation 
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Feeding Meat Goats 
In order to raise goats at a low cost, the producer must maximize the use o f forage. Feeding o f 
goats cannot be discussed without mentioning the impact o f the k idding cycle. Most goats are 
seasonal breeders, beginning to cycle with the shorter and cooler days o f the year. They w i l l 
continue to cycle (unless they are bred) ever}' 21 days or so, until days lengthen in early summer. 
I he time o f k idding detemiines the period o f Idghest nutritional demand, as late pregnancy and 
early lactation are critical times for the doe and k id . I^y manipulating the breeding date, the 
producer can see to it that peak needs liit when more forages are available, rather than during 

months when only harvested feed can be used 
(Pinkerton and Pinkerton, 2000). 

Underfeeding during critical times is not 
profitable. Neither is feeding large amounts o f 
purchased feed. The manager must plan the 
production cycle to avoid both these pitfalls. One 
needs to be aware o f the pattern o f forage 
availabil i ty in their area, and try to use pasture or 
browse as much as possible. In addition to pasture 
or browse, it may be necessary at some times o f 
the year to supplement goats with extra protein 
and/or energy. To do that efficiently, it is 
important to understand the requirements of the 
animal and to meet those needs in the riiosi cost-
effective manner (Pinkerton and Pinkcrton, 2000). 

Fi;.n!r-f 'T\ Boer j:(i;it 

Table 6: Dietary Protein and Energy Requirements o f Goats* 

Cia.ss of Goat Ave. feed intt.ke/day, kg* % Crude Protein '/o T D N 
Growing doeling, 99 kg"'' 5.28 8.8 56 
Growing male k id , 145.2 kg'' p.38 9 57 
Yearling doe, 198 kg'' 10.12 10 56 
3 yr. old doe, 242 kg'' 11 11.7 69 
Mature buck, 484 k g ' 11.66 9 55 
Dairv doe. 330 lb* 16.5 11.6 71 

*App,'oximations; based on d iy matter in the feeds eaten 
'Calculated on basis of the dry matter in t!)e feeds eaten 
aGrov\ i;ig at the rate o f .55 kg/day 
bGrowing at the rate o f .726 kg/day 
cYearl ing female, last trimester o f pregnancy and growing 
d M i l k i n g 2 qt/dav' - enough for twins 
cNot gaining weight, moderate activity 
fNubian, mi lk ing 1 gallon/day o f 4.0% butterfat 
Pinkeaon and P inkc r tn i i , (2000) 
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Feeding Meat Goats 
In order to raise goats at a low cost, the producer must maximize the use of forage. Feeding of 
goats cannot be discussed without mentioning the impact of the kidding cycle. Most goats are 
seasonal breeders, beginning to cycle with the shorter and cooler days of the year. They will 
continue to cycle (unless they are bred) every 21 days or so, until days lengthen in early summer. 
The time of kidding determines the period of highest nutritional demand, as late pregnancy and 
early lactation are critical times for the doe and kid. By manipulating the breeding date, the 
producer can see to it that peak needs hit when more forages are available, rather than during 

months when only harvested feed can be used 
(Pinkerton and Pinkerton, 2000). 

Underfeeding during critical times is not 
profitable. Neither is feeding large amounts of 
purchased feed. The manager must plan the 
production cycle to avoid both these pitfalls. One 
needs to be aware of the pattern of forage 
availability in their area, and try to use pasture or 
browse as much as possible. In addition to pasture 
or browse, it may be necessary at some times of 
the year to supplement goats with extra protein 
and/or energy. To do that efficiently, it is 
important to understand the requirements of the 
animal and to meet those needs in the most cost-
effective manner (Pinkerton and Pinkerton, 2000). 

: Boer go:.. 

Table 6: Dietary Protein and Energy Requirements of Goats* 

Class of Goat Ave. feed intake/day, kg* % Crude Protein % TDN 
Growing doeling, 99 kg'' 5.28 8.8 56 
Growing male kid, 145.2 ka'' 6.38 9 57 
Yearling doe, 198 kg' 10.12 10 56 
3 yr. old doe, 242 kg^ 11 11.7 69 
Mature buck, 484 kg' 11.66 9 55 
Dairy doe, 330 lb' 16.5 11.6 71 

*Approximations; based on dry matter in the feeds eaten 
'Calculated on basis of the dry matter in the feeds eaten 
aGrowing at the rate of .55 kg/day 
bGrowing at the rate of .726 kg/day 
cYearling female, last trimester of pregnancy and growing 
dMilking 2 qt/da>' - enough for twins 
eNot gaining weight, moderate activit>' 
fNubian, milking 1 gallon/day of 4.0% butterfat 
Pinkerton and Pinkerton, (2000) 
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I able /: Pi'aclical Diclaiy Pccoinmeiiciatioiis foi'J'codini; Goats 

I Cji'owiiig kids, dry ck)es. and bucks 
; Growing kitls. dr\' ck)i.s, aiu! bucks 
> 1 .actating goat.^ 

% Protein /!> I D N 
54-58 
56-60 
62-68 

t ' l i i k c U o i i a i u l I ' i i i k c r l o n . ( 2 0 0 0 ) 

During tlic \sarni-season grazing pei'iod, goats w i l ! vcvy l ikeK meet all their nutritional 
requirements l iom whatever combination of forages is a\ailable: onl_\ a Irace-mineialized salt and 
possibly some |4iosphorus would be needed in addition (Pinkerton and Pinkerion, 2000) 

l lowe\er , in laic fall and winter there is need to supplement. It s important to note that goats are 
notoriously wasteful hence an addition of about 20 percent more feed is necessary lo allow for 
waste. Goals are choos\ . and wil l refuse feed thai is not palatable (Smith and Slieiman. 1994) 

f inalK'. when feeding goals it is \eiy impnrlant to observe closels' ;md adjust feeding |ii'aetiees 
based on how the animals are doing. A ration that looks adequate on paper ma\- turn oul to be 
uripalatable, ov ma\ need lo be increased due to seveie weather conditions, or may be o\erls 
generoirs if the goals are llnding pler,l> of browse. A properly novunshed animal \ \ \ \ \ be healthier. 
aieJ more able lo liandie stress and bad w.eather. A n o\cr-fal aninral w i l l ha\e a. whole set of 
problems, and w ill be a drain on lire budget as well (Smith and Sherman. 1994). 
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C H A P T E R 3 

3.0 M A T E R I A L S A N D M E T H O D S 

3.1 Materials 

• Velvet Beans Seeds 

e Rumen liquor trom 2 goats 

« La.borator}' Chemicals for each procedure as specified in the A O A C procedures A O A C 
methods, (1998) and for //; vino dry matter digestibility (IVDM1>) according lo Ti l ley 
and Terry, (1963), 

«• Uiboratory cquij-imenl for each procedure as specified in the A O A C procedures A O A C 
methods, (1998) and for //; viiro dry matter digestibility ( I V D M D ) according to Ti l ley 
and Terry, (1963). 

3.2 Methods 
The processing of the sample vvas conducted al the field station of the School of Agriculture 
Sciences, Tbiivcrsity ot 21ambia. The two varieties of Velvet beans used in this study were 
Sornmersel and N I R S varielies. Samples of Velvet Beans were grown at Liempe farm, of the 
University of Zambia located in Choongwe District of Lusaka Province Agro-ecological region i ! 
of l l ie Zanibian Agro-ec<ilogica! classification system. Rumen liquor was obtained from tv\o goals 
from Chibolya market a local market in Lusaka. 

3.2.1 Processing of tb.e Velvet Beans 

3.2.L1 DehuHJng 

1 he samples were soaked in warm water until the seed coal could easily be removed. 

3 .2 .L2 D r y i n g 

dlic samples were dried on crucibles ir: a Memmer l oven (Model 500, Memmerl Co. Schwabach, 
Germany) at dried al 30"C for 12hrs. 
3.2.1.3 Heat Treainjcnt 
Tlve samples v..'ere roasted 120 "C for 30 minutes in a Memmerl oven (Model 500, Memnieri Co. 
Sc! 1 vv'abacl i, Gc:rmariy) 

3 .2 .L4 Grit Making 
A Wiley M i l l with a 5nmi sieve was used to produce 4m]ii grits. 

3.2.2 Pro.vimate C h e m i c a l Compos i t ion Ana lys i s of Velvet Beans 

The analysis lolknved the standard A O A C methods, (199S). 



3.2.2.1 Moi s tu re content 

Tills was detcrniincd by drying 2g of fne sample in a K'enmiert oven (Model 500, M c m m c r l Co . 
Schwabach, Germany) at l i o " C for 2hours ( A 0 . 4 C methods, f 998). 

3.2.2.2 A s h 

The determination of ash and mineral extraction was done by combusting 2g of the sample in a 
Nabcrllierm Muf i le furnace (Nabcrtherm Co. , West Germany) at 550"C. ITie ash used to 
determine Calc ium and i'liosphorus. 

3.2.2.3 Ca icJ im! 
The minerals in the ash were extracted by boil ing as in 10ml of 2 N H C l . The solution was then 
filtered out into a 100ml llask and made up io the 100ml mark by washing the residue with hoi 
distilled water. Calc ium was then precipitated with Ammonium O.xalale and titrated lo a faint 
pink wilh I\710 Pota.'-sium Permanganate. 

3.2.2.4 Phosphorus 
Phosphorus-diluted solutions v/ere read by a colorimeter at 66')nm wavelengOi. A standard curve 
ol' the sample solution.s was used lo dctermiric the concentration of the sample solutions. 

3.2.2.5 C r n d e Proteisi Anah'.sis 

'This was c;;rried out by digesting 2g of the sample in a boss Tecalor Digesiion System, (boss 
'fecator Co. , Ilogaiias, Swetlen), al 420 "C for Ihr and distilled in a Markham semi-micro 
Kjcldahl apparatus. 

3.2.2.6 E the r extraci 

This was determined using 2g of sample placed in extraction thimbles in a Soxh.let flask. 

3.3 / / / v/Vro Dlgestif'JiiJy 
In vitro dry malter digcsiibii i ly ( I V D M D ) was estimated according lo ' f i l ley and Terry, (1963). A 
0.5g sample o f velvet bean seed meal and soya bean meal were incubated wilh 28ml M c D o u g a l l ' s 
arlificial saliva and goal rumicn liquor in a lliermostatically controlled circulating waler balh for 
48 hours respectively. Pumen liquor was obtained from two goals from a local markel in Lusaka. 
Afler incubation the samples were filtered and In vilro dry matter digestibility ( I V D M D ) was 
deiermined. 

3.4 Stat is l icnl analysl.s 
A.nalysis o!' vari;mee ( A N O V A ) was done using Gen.stai statistical programme w i l h ihe 
completely randomi/ed slalislical design v . i lh no Ireamenl blocking. Means were reported as least 
snuare means. Din 'erences between sj^ecific mutan. varieties and between mulanls and pa.renl 
plants for chemica' composition and I V D . M D were tested for significance usin<e, Least 
Sienir icanceDi! ' fcreneeal59 ' . 



C H A P T E R 4 

4.(K R E S H E I S 

4.6 I'roxiniiUc Analy.si.s 
Tliirlecn ( 13) \ c l \ c t bean nuilant.s of .Suiiiiiicrsct and N I R S logclhcr \sith iheir parent plant were 
analyzed loi- the foll..w'>ing moi.sture. ash. phosphorus, calciuni. crude protein and crude fat. 
fhere was \ arialion in t!ie treatment means and x'clvet mutant \ ariely for all pai'ameiers w ilii onl} 
an e.\eei"^ti(Mi of calcium. 

•file most \ arialion was found in crude protein (figure 12) for N I R S profile >\a,s with NIRS4?- . l -7 
rvcording the highest \ alue o f crude [irotein 27.79% accounting for a 14.0.1% increase from the 
N I R S Parent which was found to ha\'e 2.3.89%. '1 he lowest crude protein in the N I R S variety was 
in NIRS 68-6-3 which recorded 18.19% crude protein aceounling for 31.33% less crude protein 
than the N I R S variety. .All Sommcrsel mulant \arieties recorded crude protein percentages more 
tli.'in the SS Paient. SS 16-9-9 recorded ihe highest crude protein o f 24.42% accoiuiling fc'r 
-]O.I7"u inerease from the pai'cnt that was found to have 14.61"o crude protein, fhe kwvesl crude 
I'rolein percentage was in SS40-19-4/913 that recorded l7.84'2o crude protein accounlinu for 
18.1 1 /(I inci'casi.'. 

fhe b.ighesl eriide fat (figure 13) amongst the Sommcrsel velvet beans varieties was recorded in 
SS 40-6-14 thai was found lo ha\e 10.194"u ciiide fat accounting for a 35.55% increase from the 
liaren.t lliat was found to have 6.9789i; crude fat. SS40-19-4/913 recorded the lowest crude fal % of 
6.64 1%, which was 5.07% lower than liie SS parent. Among tiie N I R S varieties NIRS45-3-7 
reeoided the higiiesi crude fal % of 12.249'/» that was 39.46% higher tlian the N I R S parent, whieh 
\'.a> found lo have 7.416%. NIRS6.S-6-4 recorded the 1 owes I crude fal o f 7.24%. wliieli 
was 2.43'4^ kw\er lhan the N I R S parent. 

N i R S 45-3-7 had die highes'. nioislui'e (llguie 8) conlent of 4.'7'>i) that was 3 1.5'''() liiglier than IIK-
parent bean tlial was found lo luue 3.2'"o. Wlieivas N I R S 52-6-24 113 was found lo iiave live 
kw\esl inoi.^lure content ol' 1.851 "/o that was lower liian the parent bean. A m o n g the Somniei"sei 
niutanl \ arielies o f s'cK'et bean SS 38-25-3 recorded llie highest \'alue for moisture o f 5.1 14% that 
\ \ a s 27.34';'(i hieiier than the SS parent which was found lo have 3.7159.7 Vfliercas SS38~25-3was 
found lo have ihe lowest moisture conlenl of 2.344%) that accounted tiiat v\as 58.5%) lowei' lhan 
the SS parent. 

.All NIRS mmaul varieties had values o f ash (figure 9) less lhan ihe paivnt bean, which was fouiul 
to have 4.7".. ash. NIRS68-6-1 had the highest ash percentage of I."'157.) accounting for 26" 
lower asii tliaii the N I R S parent. N I R S 52-6-2/1 IB had the lowest ash peiveulage of 3.3"-;, 
iieeciuniiiig lor-12.9"-,', lower ash lli;iii the ?\1RS parent. Sommei-set miilani varieties iveortied lioth 
liigliei" and lower ash pci"eentages from llie ji;irenl bean, whicli v\as found lo have 3.957o ash. S!-. 
••4)-()-14 w;)s \'oi\nd \o lia.\e the liigliCst ash pci-ccnlage of 4.75".) aecmiiiling for a 16.8"i. inerease 
from ihe SS parent. SS 38-25-3 had the lowest ash percentage o f 3.3% that was 20.2'7<! less than 
llie SS [linenl. 

.Amoiie ihe N l l i S varieties ail the mutants i'eeorded values higlier phosphorus ( l lguiv 10) lli;in the 
p a rem W i t h the cvccplion o f N I R S 52-6-2'3IJ which had ihe low est phosp!i()ius of 1.46"" whicli 
was .w8"(> Ic'-s fnan li.e piuent bean wliieh liad 1.5%. I he highest Phos[ih)irus "-.> lor the N I K S 
varieties was reeoixled in N I R S 45-3-7 that was 2.748"/o accounting for a 44.72%'. higher 
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liighest phosphorus o f 1.7% that was 7.7% higher than the parent bean that had 1.56% 
phosphorus and SS22-4-4/3I:5 recorded the lowest Phosphorus % of 1.091% which was 42.71% 
less than tlic SS parent. 

Calcium only showed significance in the interaction between treatment means and varieties and 
the grand mean for the Ca lc ium values was found to be 1.5%. 

Fieure 20: Tlie lelationship between treatment means of velvet beans and Moisture 
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r uuire 21: The relationship between treatment means o f velvet beans and A s h % 
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highest phosphorus of 1.7% that was 7.7% higher than the parent bean that had 1.56% 
phosphorus and SS22-4-4/3B recorded the lowest Phosphorus % of P091% which was 42.71% 
less than the SS parent. 

Calcium only showed significance in the interaction between treatment means and varieties and 
the grand mean for the Calcium values was found to be 1.5%. 

Figure 20: The relationship between treatment means of velvet beans and Moisture % 
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Figure 21: The relationship between treatment means of velvet beans and Ash % 
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Figure 22: The relationship between treatment means of velvet beans and Phosphorus % 
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Figure 11: The relationship between treatment means o f velvet beans and Crude Protein% 
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Figure 12: The relationship between treatment means of velvet beans and Crude Fat % 

C r u d e F a t % 

12 
10 

4 -[ 
2 
0 

HTR 
I NTR 

/ J ' . * ' ^ / / ^"y^ 

4^ 

Velvet Bean Variety 

20 



4,7 In Vitro D17 Matter Digestibility 
The in vitro Dry Matter DigestibiHty of velvet bean mutant varieties ranged from 84.27% -
93.03% digestibility. These values were comparable to that of soya bean, which was found to 
have 95.02% digestibility. 

Figure 26: in vitro dry matter digestibility of velvet beans % 

98 -p-
96 - -^ 
94 — 
92 — 
90 
88 - — 
86 
84 
82 - -
80 - - ' 
78 — 

in vitro Dry Matter Digestibility 

— - a IVDMD 

4" 
4^ 



C H A P T E R S 

5.0 D I S C C S S l O X 
li ici i iccd i m i U i l i o n brccdiiif'. o f V e h c t Ix^ans resulted i n s ieni f lcant changes among l l ic 
ir iulanl l ines in plant 1>pe. matu i i l \ e plant v'igor. c o l o r o f t h c i l o w e r s . aipparent hitiniass. 
seed s i /e and seed \ ' i e k i . ' fhese traits prox'ided the basis for tbic screening process, 'fhc 
experinient i i n o h e d l l ie ]? mutant \ a r i e l i e s o f v e l x e l beans o f w h i c h four (4) were NMRS 
\ a r i e l \ ' and nine (0) were ol' So inmerse l variet\e P45opa analysis was uidbilunalely not 
deteonined due lo lack a standard foi' 1,-dopa. 'fhus the focus of the sludy shifled lo Oid_\ atK'anee 
the \e lve l bean x'arielics v\itli mutaiUs evaluated only for morphological traits, yield components, 
seed yield, nutrient conlent and in \ itro digeslibility in goat rumen liquor as indicated eai'lier. 

5.1 Observat ion D u r i n g Processing 
Dui'ing the processes of dehulling il was found that there is no slandaid lerigtli o f lime for the 
st)aking of tlie velvet bean seeds before dchuliing can be SLicecssful. l lowcveie the Sonmierscl 
variety pi'oved easiei- lo deliuli lium die NIR,S varietv' o f velvel beans. 4'lie seeds o f velvet beans 
are i]uite hanl iherefeire pounding using a mortar is very diflleult. 

During the process c4'healing il was noled lhal the Memmcrt oven (Model SOO. Meinnieri ( u . 
Sehwabael;. Ciermany) tended lo dev dale from llie sel temperature. 'Icmpcrature was not evenJv 
dislribuled as ihe seeds on tlic lo | i Iray leiuled to roast faster. 

5.2 iNui r i cn! Content 
I lie nutrient composition results i\w presented in Appendix 1. 'Ihe pro.ximale ana.lysis slio\\s lha.i 
velvet bean is rich in protein, energv and minerals adequalelv' supplement luinuin and livcNleiel-, 
needs (Sitldluu-aju ci ctl. 1996; 1 .aureua e/<,'/. 1991). 

.Xeeordmg to the documeiileti velvet bearis contain 2(4/'o-31"o crude protein (1 aurena e/ <;/, P^'M; 
Siddliuraju el <il. 1996i. Despite llic significant diJTcrcncc> in crude prtHeins between I lie mutant 
varieties and the parents none (4"the resuits were signilieantly h ig l ic r lhan lite doeunaented values 
lor all the parameters ob.icrvcd. 

Aecoixlinu lo .Siddhurajn ei cil. (1996) velvet beans arc low in fat. 'fhis vvas found lo be true for 
the miilanl v arielivs of the v civet beans analyzed for crude fat in this study. 

N'elvet beaiio is said lo be a rich soui'ce of all macro minei'als including .Sodium. Potassium. 
MaLinesimn. ( a l e ium and Phosphorus (Kavvonga. 2002). However, the analvsis only was (.lone fe.i 
( aieiuin and Phospiioru... Caleium onlv shov.ed signineruiec in llie inlere.elion Iviween ti'eaLineni 
means ara! \a ! ie l ie . . whieli sugge^i iluit all the treated samples ce.>ntaiu ihe similar amount (4' 
Calciiint. The grand mean tor the Calc ium was found to be 1.5'%. 

I he difterenecs between hea.l and nondieal li-ealed sam.ples were due to loss o,f moisture after 
liea;ine. I liis is tueai.se of l!ii ; appau'enl dilTerenee.s in tiie tlry men.ter content ol 'the secLi. I lenee 
heai-trealei.1 samples ol 'lhe same weight v\e;e found lo have a signilieanli} higher nutrieni content 
tiian t!ie nnndieal li\'ated sa.niples. 

Ihei\- were signifieant differences in the nulrient eontenl o f all the varieties will) a.n exception ol 
Caleium. fliey were signilleanl differences between velvel bean variety and ireatmenl meain for 
the following moisiure. ash. calcium aiul phospiiorus. 
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5.6 In Drv iMader Digcslihility 
The in vii/-ti ()r\- MiiUcr Dis'.cslihihiy c i f v o K c t bcaiis was foiiiK! to lie the similar for a.ll the 
saraples. 'fhere \\;is a differenee belwceii die control (siV'.a bean) and the mutant \;ineties of 
\ e l \ e i beans based on the least siimitlcant difference at 5';'o but this difference v.as iivit signiileani 
when the treatment iiieans were subjected lo anaJyesis o f \'ariance A N O X ' A . dliere was also no 
interaction belween trealmeiit means and \ e l \ c t bean \ai ' icl ics. The in vHro diy matte:' 
tiieesl 'biliiy of the mutant \arielies o f v c h e i beans was found to be comparable to ihose aei'nexcd 
by soi'ejtum secils (;s:)-90"'o) accordiiiL'. to Muleba, (1992). fhe anti-nutritional factors did not 
slun\ an_\ delriinenlal elTeel on the riii-o fermcn.lalion. 'fhus \el\'et beaiH can rejilaee 
eoinentional energ)' anti prolcin sources such as mai/e . and sorghum and so)a beans lor goats. 
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C H A P T E R 6 

6.0 C()NCEESH):vS 

The chcniic;',! pi\M'ile.s cif all the iiuitaiit \arictics \\'crc .sigiiillcaiUl}' higher ihan. the pru'enl with 
oPii} tlie cxeeptioii o f ealeimn. Tliirs the rejection of titc n.u!! h\potitcshs: than iheie is no 
sienilleant dilTerenee between tlic nutrients content ofthe mutant \arieties o l A c K e l beans and tlie 
piarent i)ean. 

i here was no signilieanl diiTcrenee in the in viii-o digestibility of mulant \arieties o l ' xcKet Ifcans 
and the paicnl bean. The little diiTcrenee in the in vilfi) digestibility of Si.)\a beans and \ e K e l 
beans \arieties gcjcs lo siiow that NcRct beans has the potential lo replace so\a beans at some 
iiei'eentage inclusion in the tiiels o f goals. Hence, il can be conchKlcd that the high yielding 
\a:'ieties of eels el bceais can be IISCLI in place o l ' ihc prirent \ arielies and soya beans in di"y season 
Iced sU;'|"ilement lor goals. 

It is llms hoped llait inc'ueed mutation breeding i't \ ' c i \ ' c l beams eould lia\e alsi^ resulted in 
difierenl lewis orani i-nulr i t ional factors such as I,-Dopa among mulanls ofthe same \ar ie ly a.nii 
beU'.ecn llie varieti-.s. In addiliori. it is hoped that liic levels of I.-Dopa arc tliffeienl in die 
ililfeix'Ul phint p;irts, 

6.1 Pv!:C().M!\! \ NI )A r K ) . \ S 

Not analy/ing P-!)opa in ihe earlier gcnera.tions meaais that more samples wi l l ha\e to be eairied 
forward ami w ith the uielusion o f this year's samples, more samples have been generated wilhoul 
ana 1\ .sis. This l-.as in.-ulc the analysis o f this aspecl of ihe sititiy more expensive as more lhan twice 
the original iind inn.aided nuntlier of sa.mples has now lc> be analyzed. Despite tlie high number 
auitl coiisL-queiUly Ineli cosl of analysis. P-P)opa analxsis sinnild sl i l i be can'ied out. iwen il 
p!\aiii-dng nmiiinl lines w i l ' i high pbmt bieimass and seed yield are seleclcd liiey ciiiin'.'l directi_\ 
be Used lor sioek feed or human food ilThey coiitain liigh levels of l,-l)op;i espeeialiy in the seed 
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A P P E N D I X 1 

A N A L Y S I S O F ^ ' A R I A N C E T A B L E S 
TabieJ 1: Analysis o f variance for inoistnre (thO) 
Source of variatioi; c!.f.(m..v.) s.s. m.s. v.r. 
Varied- 14 41.7822 2.9844 23.27 < 0.001** 

Treatment 1 1 84.2515 84.2515 656.79 < 0.001** 
Replication r ' • 0.0420 0.0420 0.33 0.572 ns 
Variety. Treatment 13(1) 18.1631 1.3972 10.89 <0.00!** 
Error [28(1) 3.5918 0.1283 
Total 57f2) 145.0092 
ns -~ not significant P>0.05 
* = Significant P<0.05 
** - Very signitlcant P<0.01 
Degrees of freedora 28 
Standard Error 0.3582 
Coefficient of Variation % 10.7 
Grand mean 3.360 

Table 12: Analysi s o f variance for A s h 
Source o f variation d.f. m.s. v.r. 
Variety 14 12.90613 0.92187 52.71 < 0.001** 
' f reatment 1 1.29685 1.29685 74.15 <0.00!** 
Replication 1 0.03407 0.03407 1.95 0.173 ns 
Variety. Treatment 14 5.83815 0.41701 23.84 < 0.001** 
fZrror 29 0.50722 0.01749 
Total 59 20,58242 
ns not significant P>0.05 
* = Significant P<0.05 
** = Very signiiicant P<0.01 
Degi-ees of frccdoin 29 
Standard Error 0.1323 
Coefficient of Variation % 3.3 
Grand mean 4.037 

I'able 13: Anaivsis o f variance for Calc ium 
Source o f variation d . f s.s. m.s. v.r. FP'-- _ 
Variety 114 1.08807 0.07772 ^2.94 0.007 ns 
'freatment 1 0.09441 0.09441 3.57 0.069 ns 
f\cplication 1 0.05400 0.05400 2.04 0.164 ns 
Varietv. Treatment " l 4 0.86659 0.06190 2.34 0.026 * 
Error ^ 2 9 " ~ 0.76690 0.02644 
Tola! 59 ! 2.86997 
rs = not sigiiiilcant fe-0.05 

" Signilieaiit P<0.05 
** ^ Veiy signiiicant F<O.Oi 
f)egrees of freecloni 29 
Standard Error 0.1626 
Coeftlcient of Variation % 10.6 
Grand mean 1.527 
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Table 14: Analys is o f variance for Phosphorus 

Source of variation d.E s.s. m.s. v.r. 

Var ie lv 14 9.73651 0.69546 47.22 < 0.001** 
Treatment 1 0.02468 0.02468 1.68 0.206 ns 

Replication 1 0.04735 0.04735 3.22 0.083 ns 
Varietv. TreatmiCiit 14 0.56552 0.04039 2.74 0.011* 
Error 29 0.42713 0.01473 
Total 59 10.80118 
ns = not significant P>0.05 
* Signitlcant F<0.05 
** = Very significant P O . O l 
Degrees of freedom 29 
Standard Error 0.1214 
Coefficient of Variation % 7.9 
Grand mean 1.530 

Table 15: Analys i s o f vai'iance for crude protein (CP) 

Source o f variation d.f(m,v.) s.s. m.s. v.r. 
Variety 14 670.319 47.880 23.50 < 0 . 0 0 i * * 
Treatment 1 0.213 0.213 0,10 0.749 ns 
Replication 1 0.234 0.234 0.1 1 0.737 ns 
Varietv. Treatment 13(1) 52.839 4.065 n . 9 9 0.061 ns 
Error 28(1) 57.060 2.038 
Total L57(2) 763.271 
ns - not signilleant P>0,03 
* -Signihcanl P<0.n5 
** = Very signiHcant P<0.01 
Degrees of freedom 28 
Standard Error 1.428 
Coefficient of Variation % 6.8 
Grand mean 21.09 

Table 16: Analys is o f variance for crude fat (CF) 

Source o f variation d.f s.s. m.s. v.r. 
Variety 1 14 297.0689 21.2192 62.53 < 0.001** 
Treatment 1 9.2686 9.2686 2 7.32 < 6.001** 
Replication 1 0.5497 0.5497 1.62 0.213 ns 
\''arietv. Treatirient 14 , 14.212-7 1.0152 2.99 0.006 ns 
Error 29 9.8403 0.3393 
Total 59 330.9403 1 
lis =not significam r>0.05 
* - Significant P<0.05 
** = Very significant P<0.01 
Degrees of freedom 29 
Stmdard Prior 0.5825 
Coefficient of Variation % 6.4 

Grand mean 9.08 
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Table 17: Analys is o f \ariance for in vilro Digestibilitv' 

Source o f \'ariation i d.f. s.s. ni.s. j v.r. F pr. 
Variety 15 613.75 43.84 ]~2.47 0.019 ns 
'freatmeru 1 5,06 5.06 0.29 0.597 ns 
Replication 1 16.97 16.97 0.96 ! 0.336 ns 
Varietv. Treatnient 15 342,12 24.44 1.38 0.225 ns 
Error 30 514.17 17.73 
l o t a ! 60 1492.07 
ns not significant P>0.05 
* - Significant P<0.05 
** - Very significant P<0.01 
Degrees of freedom 29 
Standard Error 4.211 
Coefficient of Variation % 4.5 
Grand m.ean 93.32 
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A P P E N D I X 3 

T R E A T M E N T M E A N D I F F E R E N C E S B E T W E E N P A R E N T A N D M U T A N T S 

Table 1 8: Treat ncnt Mean Differences between Parent and Mutants for moisture (FI^O) 
Mutant Mean Difference % Difference 
N I R S P A R F N T 3.207 0 0 
NIRS45-3-7 4.682 1.475 ' 31.50363093** 

1 NIRS52-6-2/1 I B 1.851 -1.356 -73.25769854** 
NIRS68-6-3 3.695 0.488 13.20703654** 
NfRS68-6-4 3.889 0.682 17.53664181** 
S S P A R E N T 3.715 0 0 
SSI 6-9-9 3.568 -0.147 -4.119955157 
SSI 8-6-14 2.538 -1.177 -46.3750985* 
SS22-4-4/3B 5.1 14 1.399 27.35627689** 
SS23-3-2 3.669 -0.046 -1.253747615 
SS25-4-11 2.424 -1.291 -53.25907591** 
SS38-25-3 2,344 -1.371 -58.48976109** 
SS40-19-4/9B 3.134 -0.581 -18.53860881** 
SS40-4-3 3.192 i -0.523 -16.38471178** 
SS40-6-14 3.377 1 -0,338 -10.00888362** 

*Leasl significant differences o f means (5% level) 
* * Least significant differeaccs of means (10% level) 

Table 19: Treatment Mean Differences between Parent and Mutants for Ash 

MutanI Mean Difference % Difference 
N l R S P A R E N f 4.681 6 0 
N1RS45-3-7 3.684 -0.99 7 -27.06297503** 
N1RS52-6-2/1 I B 3.275 -1.406 -42.93129771** 
NIRS68-6-3 3.534 r-1.147 -32.45614035** 
N1RS68-6-4 3.715 -0.966 -26.00269179** 
S S P A R E N T 3.951 0 0 
SSI 6-9-9 4.333 0.382 8.816062774* 
SSI 8-6-14 4.323 0.372 8.605135323* 
SS22-4-4,/3B 4.074 0.123 3.019145803 
SS23-3-2 r 3.943 -0.008 -0.2028912 
SS2 5-4-11 4.529 0.578 fT2.762l '9916** 
SS38-25-3 3.2 88 -0.663 -20.16423358** 
SS40-i9-479B " -0.004 -0.101342792 
SS40-4-3 4.53! 0.58 12.80070625** 
SS40-6-14 4.75 0.799 ""16.82105263** 

*Least significanl differences of means (5% level) 
* Least signifieant differences of means (10% level) 
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Table 20: Tfeatmcnt Mean Differences between Parent and Mutants for Calcium 

MutanI Mean Difference % Difference 
N I R S P A R E N T 1.745 0 0 
N1RS45-3-7 1.53 -0.215 -14.05228758** 
N1RS52-6-2/11B 1.578 -0.167 -10.58301648** 
NIRS68-6-3 1.655 -0.09 -5.438066465* 
N1RS68-6-4 1.492 -0.253 -16.95710456** 
S S P A R E N T 1.442 0 0 
SSI 6-9-9 1.525 0.083 5.442622951* 
SS18-6-14 1.238 -0.204 -16.47819063** 
SS22-4-4/3B 1.56 0.118 7.564102564* 
SS23-3-2 1.605 0.163 10.15576324** 
SS25-4-11 1.423 -0.019 -1.335207309 
SS38-25-3 1.695 0.253 14.92625369** 
SS40-19-4/9B 1.282 -0.16 -12.48049922** 
SS40-4-3 1.528 0,086 5.628272251* 
SS40-6-14 1.613 0.171 10.60136392 

* Least signifieant differences o f means (5% level) 
Least significanl differences o f means (10% level) 

Table 21: Treatment Mean Differences between Parent and Mutants for Phosphorus 

Mutant Mean Difference % Difference 
N I R S P A R E N T 1.519 0 0 
N1RS45-3-7 2.748 1.229 44.72343523** 
NIRS52-6-2/1 IB 1.463 -0.056 -3.827751196 
N1RS6S-6-3 2.016 0.497 24.65277778** 
N1RS68-6-4 1.618 0.099 6.118665019 
S S P A R E N T 1.557 0 0 
SSI 6-9-9 1 1.195 -0.362 -30.29288703** 
SSI 8-6-14 1.207 -0.35 -28.9975145** 
SS22-4-4/3B 1.091 -0.466 -42.71310724** 
SS23-3-2 1.391 -0.166 -11.93386053** 
SS25-4-11 1.269 -0.288 -22.69503546** 
SS38-25-3 1.687 0.13 7.705986959* 
SS40-19-4/9B 1.659 0.102 6.148282098* 
SS40-4-3 1.165 -0.392 -33.64806867** 
SS40-6-14 1.358 -0.199 -14.6539028** 

*Least significant differences o f means (5% level) 
** f.easl significant differences o f means (10% level) 
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Table 22 TrealniciU Mean Differences between Parent and Mutants for Crude Protein (CP) 

Mutant Mean C)ifierence % f)ifference 
N I R S P A R E N T 23.89 0 0 
N1RS45-3-7 27.79 3.9 14.03382512** 
N1RS52-6-2/T1B 22.41 -1.48 -6.604194556* 
N1RS68-6-3 18.19 -5.7 -31.33589885** 
NIRS68-6-4 19.95 -3.94 -19.74937343** 
S S P A R [ 3 N f 14.61 0 0.00 
SSI 6-9-9 24.42 9.81 40.17** 
SSI 8-6-14 21.71 7.1 32.70** 
SS22-4-4/3B 18.31 3.7 20.21** 
SS23-3-2 22.01 7.4 33.62*^'' 
SS25-4-1 1 24.45 9.84 40.25** 
SS3 8-25-3 23.64 9.03 38.20** 
SS40-19-4/9B 1 7.84 3.23 18.11** 
SS40-4-3 18.88 4.27 22.62** 
SS40-6-14 1 8.25 3.64 19.95** 

*Least s ignifkanl differences of means (5% level) 
** Least sigidficant differences of means (107o level) 

Table 23: Treatment Mean Differences between Parent and Mutants for Crude Fat (CF) 

Mutant Mean Difference % i3ifterence 
N I R S P A R E N ' I 7.416 0 0 
N I R S 4 5-3-7 12.^49 4.833 39.45628215** 
N l R S 5 2 - 6 - 2 / l i B 8.028 0.612 7,623318386* 
NfRS68-6-3 8.298 0.882 10.62906725** 
NfRS68-6-4 7.24 -0.176 -2.430939227 
S S P A R E N T 6.978 0 0 
SSI 6-9-9 7.136 0.158 2.214125561 
SSI 8-6-14 8.517 1.539 18.06974287** 
SS22-4-4/3B 13.373 6.395 47.8202348** 
SS23-3-2 8.908 1.93 21.66591828** 
SS25-4-11 10.98 4.002 36.44808743** 
SS38-25-3 7.303 0,325 4.450225935 
SS40-19-4/9B 6.641 -0.337 -5.074536967* 
SS40-4-3 13.008 6.03 46.35608856** 
SS4G-6-Li- 10.194 3.216 31.54796939** 

*Least significant differences of means (5% level) 
* * Least significant differences of means (10% level) 



Table 24: Treatment Mean Differenees between So \ a beans and velvet beans for in vitro 

Mutant Mean Difference % Difference 

Sovi, t3eans 95.23 0 0 
N I R S P A R B N T 85.84 -9.39 -10.9389562** 
N1RS45-3-7 89.03 -6.2 -6.963944738* 
N1RS52-6-2/11B 86.81 -8.42 -9.699343394* 

NIRS6S-6-3 90.78 -4.45 -4.90196078-'* 
N1RS68-6-4 87.14 -8.09 -9.283910948* 
S S P A R E N T 86.32 -8.91 -10.32205746** 
SSI 6-9-9 86.24 -8.99 -10.42439703** 
SS18-6-14 89.45 -5.78 -6.461710453* 
SS22-4-4/3B 84.27 -10.96 -13.00581464** 
SS23-3-2 89.54 -5.69 -6.354701809* 
SS25-4-11 91.95 -3.28 -3.567156063 
SS38-25-3 88.13 -7.1 -8.056280495* 
SS40-19-4/9B 87.87 -7.36 -8.376010015* 
SS40-4-3 90.35 -4.88 -5.401217488* 
SS40-6-14 93.03 -2.2 -2.36482855 

*f.east significant differences o f means (5% level) 
* * f,east significant ditTerences of means (10% level) 

Table 25: Treatment Mean Differences between Parent and Mutants for in vitro Digestibility 

MutatU: Mean Difference % IDifference 
N l R S P A R E N ' f 85.84 0 0 
N1RS45-3-7 89.03 3.19 3.583061889 
N1RS52-6-2/11B 86.81 • 0.97 1.1 1738279 
N1RS68-6-3 90.78 4.94 5.441727253* 
N1RS68-6-4 87.14 1.3 1.491852192 
S S P A R E N T 86.32 0 0 
SSI 6-9-9 86.24 -0.08 -0.092764378 
SS18-6-14 89.45 3.13 3.499161543 
SS22-4-4/3B 84.27 -2.05 -2.432656936 
SS23-3-2 89.54 3.22 3.596158142 
SS25-4-1 1 91.95 5.63 6.122892877* 
SS38-25-3 88.13 1.81 2.053784182 
SS40-19-4/9B 87.87 1.55 1.7639695 
SS40-4-3 90.35 4.03 4.460431655 

JSS40-6-14 93.03 6.71 7.212727077* 

*Least significant differences of means (5%o level) 
' * Least significant differences of means (10/o level) 
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